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Foreword

FADKs AQUASTAT programme, initiated in 1993, aims w0 meet the demand for mlformation
on owaler resources and use ar regional level, with paricolar emphasis on irngation and
drainage. The chjectives of the programime are © collect and present, in & sysematic way,
data on rural water use ai couneey level,

With an area of more than 22 million km?, ihe former Soviet Union (FSU) covers about 17%
of the world and presents a wide range of climatic and physicgraphic sitvations. from the
arctic zones of Siberia we the arid desens of Central Asia.

To these conditions correspond a large variery of agricultural water management situations.
Irrigation predominates in the Central Asian countries (in total, the FSU countries concentrate
about 9% of the world's irrigated land), while in the temperate countries of the north drainage
is of major impoenance w agriculiveal productiviey,

The FSU countries are currently in a transitional period which is affecting the agricultural
sector. Wew policies are being designed and implemented, new mstitutional structures are
replacing those of the Soviet Union and, in general, the move towards o market-oriented
economy is inducing rapid changes in cropping patterns. These changes have a direct and
often radical impact on irngation and draimage, with major challenges o come in the fields of
irrigation management transfer and infrastructure mainienance,

Furthermore, " the  ssues relaed womernatonal water courses and (he stress on waler
resources i the most arid pacts of the FSU represemst anmber challenge 1o the pew couniries.
Their governments now have w develop mechanisms for the sustainable mansgement of their
Walel FesouUrces,

This publication presenis a description of the irrigation and drainage subsector in the FSU
couniries, with relevant tables and maps. together with o regional synopsis. 1t s hoped thae
the information provided here will be of use (o all those interested in issues related 1o water
Tesources management, irrgation and drainage in the region.

This QO

Mateviadﬂwwmgm




Acknowledgements

This report was prepared and written with the collaboration of a large number of individuals,
The whole project was coordinated and managed by Mathieu Bousguer and Karen Frenken,
acting as main authors and ediors of the survey, in colleboration with Jean-Marc Faurds,
from the AQUASTAT team of the Land and Water Development Division of FAG in Rome,

Country surveys were carried out in cooperation with national and regional experis: Irina
Avakyan, Victor Dukhovny, Janusz Gudowski, Yusif Guliyef, Ludmila Kiayshkina, Mariman
Kipshakbagv, Malkhaz Khurtsilava, Albinas Kuosta, Jafar Mamedov, Alexander Osipov,
Florian Plit, Joanna Plit, Elena Roshenko, Yilik Sarkissian, Vadim Sokolov, Toomas Tamm,
YWamo Tamm and Wladyslaw Zakowski.

The authors wish to acknowledge the sssistance provided by Jean Margat and Philippe Pallas
in reviewing all the information related to water resources. The data processing software was
developed by Darno Berardi, Mavuro de Castro and Gianni Pastore. Data processing was
performed by Marco Tagliaferri. The figures were prepared by Jippe Hoogeveen and Manlio
Capucei.

The publication has been edited by Julian Plumumer and prepared for printing by Chrissi Smith
Redfern.

Materiale protetto da copyright



Ireiparion bt the former Soviel Uaion comwmivies i fgures v

Contents

Page

FoREWORD il
ACKNOWL ENGEMENTS ¥
1

Imreddiiction ]
Country profiles 1

Data collection, processing and reliability 2
Definition of the main variables !
Diher definitions and copvenions 0
GENERAL SUMMARY 2
Inireduction 2
Geography, climate and population 2
Bussian Federalion | ¥

Eastern BEurope Ll

Cageasys 2

Baltic States 12
Organization of the agriculiucal gector 3
Water withdrawal 4

T L - I n

Irrigation &
Irrigation potential L5

Irrigation development L&

[rrigated crops 20

Dirainage 21

Thwe Aral Sea basin ¥
Woater resources of the Aral Sea basin 23

lerigation development in the basin and the drying up of the Aral Sea 23

Mlcisures wdopted o mitigale e envicmumenlal problems 23

Future prospects 26
SUMMARY TABLES 29

FIGURES 39




Wi

Page

COUNTRY PROFILES 3
LN w1 a]
Azerbaijan 71
Belarus 8]
Estonig 91
Lieorpin bk
karakhstan 102
Evreve Republic 123
Latvia L33
Lithuania 145
Moldowa L57
Russian Federation 167
Tajikistan T
Turkmenistan 191
Likraine 201
Lizbekistan 211

GENERAL BIBLIDGRAFILY 225




Irrigasion i the former Sovier Unlon connartes i figures wil

List of tables

Page
. Regional distribution of the population o
2. Regional distribution of internal renewable water resources I3
3. Regional distribution of water withdrawal 6
4. Regiomal distribution of wrrigation methods 13
5. Irrigacon wcehogues by reglon 1o
6. Origin of irngation water by region il
7. Regronal disteibution of the main irrigated crops il
8. Regronal disteibution of drainage metheds 21
%, Renewable surface warter resources of the Aral Sea basin 23
I, Land vse and irrigation potential in the former Sovict Union countrics M
11.  Population of the former Soviet Union countries il
12, Renewable water rescurces i the former Soviet Union countries 32
13, Warter withdrawal in the former Sovier Union couniries 33
14, Irrigation in the Tormer Sovier Union countries 34
15, TIrrigation techniques in the former Soviet Union countries 35
16, Qrigin of irrigation water in the former Soviet Union countries in
17, Sabimization and dramnage inthe foomer Soviet Union countries a7
[8, The former Soviet Union countries compared 1o the world 38

Materiale protetto da copyright



List of figures

Page
[.  Evolution of population, irrigation and water withdrawal in the Aral Sea basin 23
2. Tremds in the Aral Sea. 25
3 The five regions of the former Soviet Union 41
4. Average annual precipilation 42
5. Renewable water rescurces dependency ratio 43
A, Imternal renewable water resources per inhabitant {1996 i3
7. Actual renewable water resources per inhabitant {1996 45
£, Agriculural water withdrawal as percentage of total water withdrawal 46
9. Water withdrawal per inhabitant 47
10, Water withdrawal as percentage of internal renewable water resources 45
11, Water withdrawal as percentage of actual renewable water resources 49
2. Area under irrigation as percentage of irmgation potential 30
13, Area under irrigation as percentage of cultivated area 51
14, Area under sprinkler irrigation and micro irrigation as percentage of wtal
area under irrigation 32
15. Drained area as percentage of cultivared area 53
I, Percentage of aren equipped for full or partial contrel irrigation drained 54
17.  Percentage of drained area equipped with subsurface drains 55
I8, The Aral Sea basin 30
19, Aral Sea basin: Irrigated area as percentage of toral area 57
20, Aral Sea basin: Irrigated area as percentage of cultivated area 58

Materiale protetto da copyright



Irrigadion i e former Sovier Urdow coliries in figares ix

ARSWR
ARWER
BWO
F5U
GDP
ICAS
ICWe
IFAS
ILCH
IRSWR
IRWER
O
RSWR
RWH
S8R
UsA
LISSR
WiliA

List of abbreviations

Actial Renewable Surface Warer Resoiirces
Aciual Renewable Water Resources

Basin Water Organization

Former Sovied Union

Gross Domestic Produect

Interstate Council for the Aral S2a problem
[mterstate Commission for Water Coordination
Irernational Fund for the Aral Sea
Iniernational Labouwr Organization

Internal Renewable Surface Water Resources
Trmernal Renewable Warer Resources
Operation and Maintenance

Renswahle Surface Water Resources
Renewahle Water Resources

Sowviel Socialist Republic

United States of America

Union of Soviet Socialist Republics
Water Users Association

UNITS

Volume:
Thkm' = 1% 10" m" = 1 000 % 10° m" = | 000 million m’

Ared;
|k’ = 100 ba

. Power:
LGW =1 10F MW =12 10°W =15 10"W
LW = 11

Energy:
LGWh = | x 10° MWh = | x I0°"KWh
| KWh = 3.6x 10°)

The informaton presented in this publication is collected from a
vanely of sources. I reflects FAD's best estimares, based on the most
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Irripaitan in e former Soviel Didon couniries fa figures 1

Presentation of the survey

INTRODUCTION

In 19493, FAD started to develop a programme nomed AQUASTAT, which is an information
svstent on waler use for agriculure and rural development. Its am = o collect information at
country wmd sub-coumry level and © make it available, inoa standard format, w users inlerested
i global, regicial and nacbonal perspectives, In 199495 the 53 African countries were
surveved, which resubied in FAQ Water Report 7 “Trrigation in Africa in figures”™, In 1996, the
2% country members of FADQS Regwonal Office for the Mear East were surveyed, which resulied
in FADQ Water Report 9 “lrmgation in the Near East region in figures”. The present survey
concentrates on the 15 countries of the Tormer Soviet Union {FSUY.

Tlhee purpose of the survey is pwofold:

#  To provide a clear piciure of the sinsation of mural waler [ESCERCES MaEN2ZEMEnt o 4 Counmry
hasis, with emphasis on irrigation and drainage, and featuring major charcteristics, rends,
constramts arsd perspectives;

¢ To help support continentul and regional snalyses by providing sysiematic, op-to-date and
reliable nformation on water for agoculiure and roral development, and o serve as a ol for
large-seale planning and forecasting,

fi order to ebtain mlformation that was s relible as possible, the survey was developed and
carried out for each country as follows:

[. Feview of livecature and existing information on the coumry and the region,

. Data collection by means of a derailed questionnaire.

3. Darp processing and critical analysis of the information, with the assistance of the
AQUASTAT daty processing software and selection of the most rebable mformaton.

4. Prepacatson of o country profils,

Lastly, regional and sub-regional tables and maps and a general summary were prepared. Cross-
checking of the information took place wherever possible,

COUNTRY FROFILES
Lach coumtry profile describes the situation regarding water resowrces andd use in the country,

with special attention (o the water resources, irmgaticn and drainage subsectors, s aim s w
emphasize the particularities of each country, as well as the problems encountered in rural warer

They are: Armenin, Arerbaijon, Belarns, Bstania, Georgna, Kavakbsian, Kyrpve Bepoldic, Lagvia, Lathuaania,
Mcldova, Kussian Federanon. Tajikistan. Turkmenisian, Ukrgine and Uzhekismn,
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2 Presemanion of the survey

management and irmgation. It also summarizes the trends of imgation in the counries, as
described in the available lierature. [t was a deliberate choice to try and standardize the country
profiles as much us possible. All profiles follow the same pottern, organized in six sections:

= geceraphy and population;
. climate and waler resoupces:
irrigation and drzinage developmens;
institutional environment;
- rends In o waler resources managemaen;
- main seurces of mformateon.,

Standardized mbles are used for all coumry profiles. Where information was nol available, this
i indicated by o dash <), As most of the available dara relare to a limied numbser of vears only,
e most recent reliable dara are vsed in the mbles, with an indication of the vear w which they
refer.

DATA COLLECTION, PROCESSING AND KRELIABILITY
The mam sources of informaron were:

pariomal water resources and irrigation master plans,
- mational yearbooks, statistics and reporis;
- reports from FAO or other organizations;
- nteErmionl surveys;
. resulls from surveys made by national or international research centres,

In todal, 70 variables were selected and these are presemed in the whles attnched o each country
profile. They are grouped into categories corresponding o the profile sections. A detailed
defimition of sach vartable is given below,

I most cases, a critical analysis of the information was NECESSAry W ensure consistency between
the different data collected for a given country. Where several sources gave differemt or
contradicrory figures, preference was always given to information collected at national or sub-
mational level and, unless proved incorrect, to official rather than unofficial sources. In the case
of shared water resources, a comparison between countries was made o ensure consistency al
river basin level.

Mevertheless, the accwracy and reliabiliey of the informaton vary greatly between regions,
countries and categories of information, &s does the year in which the mformation was gathered.
These considerations are discussad in the country profiles,

DEFINITION OF THE MAIN VARIABLES

The miain variables presented in the ables in the country profiles are lisied in the order in which
they appear in the tables and are defined as follows:
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Irrigentione ent fhet fonmer Sovied Urton cowniries in fgares 3

Area af e connery: (ha) The total area of the countey, including area under inland wier bodies,
Dt in this category are obagined from the United Nations Statistical Offsce.

Ceeltivatde area: (ha) Area of land potentially fie for coltivation. This term may or may not
include part or all of the foreds and rangeland {see note on coltivable land and agriculioral Eand
in the nest sectien).

Crdeivared aren () Arca umder iemporary (annual) and permsnens crops. This refers o the
physical area acoally cultivated and does not inchede land which is temporarily fallow {(see noe
o arable versws culvivared land inoche next sectiond,

Anneieed crops: (had Phivsical ares under temporary Ganmuoal) crops.

Permanens cropy: (ha) Area cultivated with crops that occupy the land for long periods and that
o not need w be replanded atter each harvest. This does nol mclude wood land and forests.

Torod popwlarion: (inhabitams) The figures are the UN estimates for 1990,
Faergdl popaddation: (%) The figures are the UN estimates for 149596,

Ecovornically  wotive poprdatfon enpoged v aprioniiere; 15 The fgures for the wal
eeonomically active population engaged in agriculiure are exmracizd from the FAQ statistics
database for 1996, and are based on assessmencs made by the International Labour Organization
(LD, The pender-desegregaied Hoores have bisen found m varions notional sources.

Warer sippdy coverage: (%) The percentage of urban and rueal population with access o safe
drnking water feriteris may vary belween countries).

.. . k] .
Average precipifaion: (mmdyear and K ivear) Double average over space and time of water
Fallingz oo dee CoumLny ima year.

X, . .
Inrernal renewable warer resonrces: (ko Sveary Average snnual flow of rivers asd recharge of
groundwater generated from endogenous precipitation.

Total faciwall revewalle waler resoliroes: {knﬁ'ye;ur} The sum of internal renewable warer
resources and incoming flow originaing owside the coumry, aking ime considertion the
juantity of fows reserved w upstream and downstream coanrries throagh formal or informal
agreements or reaties, This gives the maximum theoretical amount of water actually available
forr the coumry (see ot on e compuiation of water resources in the next section),

Depeviedenicy ratios (%) That part of e wtal renewable water resources originating ouside the
T

i . o
Total dam copacity: (107 m’) The total cumulative capacity of all dams,
Waater withdrawal: {10 07 /year) Gross amount of water extracted from the resources for a

piven use, 0 ncludes convevance losses, comsumprive use and retum ow (see node on water
withdrawal in the rext section).
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4 Presentation of the siurvey

Agricaliiral  wter  withdrawal: (10" m}."_'.-'l:ar} Anmunl  guantity  of water withdrawn  for
agricultural purposes including irrigation and livestock watering (see note on agriculural water
willdeawal in the next section).

Domestic water withdrawal: (10" m].l"l,'rar} Annual quantity of water withdrawn for domestic
purposes. 1t is usually computed as the todal amount of water withdrawn by public distribution
networks, and nomally  includes the withdrawal by those industries connected to public
networks.

Infuserial weter withdraweal: (107 m?';';n.'e;lr} Annual quantity of water withdrawn for industrial
purposes, It usually refers o self-supplied industries nod commected 1w any disteibution aetwork
(zee note on industrial water withdrawal in e nest section).

Total warer withdrawal: {10° msJ':..'r.uT]n Anmual quantity of warter withdrawn for agriculmral,
domestic and industrial purposes, It does no include caher withdrawals (see below).

Orfer warer wishdrawal, (10° m:'.f}wr] This includes all other sectors: energy, mining,
recreation, navigation, fisheries and environment. These sectors usually have a very low

consumption rafe,

Produced wastewarer; {107 |'|:|]'."_'|.'E.'-u:r:l Aol quantity of wastewater produced in the country.
This does not include agriculural draimage water,

Treated wastewarer: (107 m’fyear) Anmal quantity of wastewater which is treated.

Heased freqaled wakiewaier:! {IIII"' ml.l'}':ar} Anmual guantity of treated wastewater which is re-
used.

Agricultural drainage water: UII]F' :|Ii'1|"‘_'rf3r] That part of the crigation water withdrawal which
refurms o the river system or 15 collected by a dranage metwork.

Dregalinared wargr: {][J" ma.f:.r:nr_'l Installed capacity of desalination plants,

Irrigaviom porential; (ha) Area of land suitable for wrigation development, tking into account
land and water resources. [t includes land alveady under trogaton. The definition may vary
HITENE Couniries (see nole on rogation potental in the next section).

Frll or parmigd control irigation: equipped areg: (ha) lrmigation schemes carried out and
managed either by government, private estates or farmers, and where a full or partial control of
the water is achieved. Gardening i included in this category.

Sturfurce feriparion: {ha) Pant of the full or partial control area under surface irmgation: furrow,
border, basim, and fooded irrigation of rice.

Sprinkler irvigation: (ha) Part of the full or partial control area irrigated by aspersion (sprinkler).

Micro-irrigation: (ha) Part of the full or pamial control area irrigated by micro-irrigation.
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Irrigaion i the former Sovie! Drow comniries i figares &

Percentage of area irrigared from growahwarer; (%) Part of the [l or partial control area
irrigared from wells (shallow wells and deep wbe-wells) or springs.

Percentage of area irigmed from surface warers (%) Part of the full or partial control area
irrigated from rivers or lakes {reservoirs, pumping or diversion,

Percemsage of area Irrigated from ten-convensional soarces: (%) Part of the full or partial
control area irrigated from non-conventional sources of water such as (unjreared wastewarer,
desalinated water or agricultural drainage water,

Percemiage of equipped area actally rrigated: (%) Part of the tull or partial condrol area which
i actually sreigated. Ofien. the whole area equipped is not irrigated for various reasons, such as
lack of warter, absence of farmers, damage, organational problems, and so forth. It concerns
the actual physical arcas. Irrigated land thar is cultivared twice 2 year is counted once.

Spare frrigatton area: (hap Area of land equipped for spate irrigation.

Equidpped warlands and infand valiey borrons: (ha) Par of cultivared wetlands and mland valley
bottoms  which have been equipped with water comrel strucneres {intake, canals, o).
Developed mangroves are included in this caegory,

feral irrigation: Area equipped to provide water o the crops, 1t includes areas equipped for full
and partinl comtrol irrigation, spate irmgation areas, and equipped wetland and inland valley
bottoms. 11 does mot include Oood recession cropping areas. In the texe it s also referred o as
ik gated area or area wider frelgation.

Power irrigated area as percestage of irvigared area: (%) Part of the ireigaed area where
pumps are used for water supply. It does not inclede areas where warer is pumped with human-
or amimal-driven witer lifting devices.

Fudl ow partial controd breigation schemres: (hap Areas of large, medivm and small schemes,
following e erieria wsed by the countey, with the criteria given.

Toval wamiber of fonceholds in irvigation: Total number of houssholds living dicectly on earnings
froam full or partéal control irrigation schemes.

Toval Irvigared grain production: (1) The ol quantity of cereals harvesied annually in the
irrignied area.

Harvested crops mder {eefpation: (ha) Toal barvested serigated area for the crop for the given
vear, Areas under double cropping should be counted rwice. For permanen crops dva generally
refier 1o the total plamted area.

Drained aireer: (ha) The area equipped with subsurface or surface (open) drains. [t can be broken
dower o droimed arear in il or ol control fepated areias; draied areas i egrippred
wesiond and fndawd valley boroms, and affver drained areas. which are equipped for drainage
bur ot irrigation. Flood recession cropping areas are nod considered as being deained.
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6 Presennaion of the sirvey

Area safinized Dy irrigavion: (hay Total irrigated area affected by salinization as a result of
irrigation. This does not inclede nanerally saline areas.

OTHER DEFISITIONS AND CONVENTIONS

Motwithstanding the detailed description of each variable, some problems persist due 1o the fuct
that the available literawre does not always indicate clearly which definition has been used n
computing the figwres, The most frequent problems encountered in computng the Nigures ire
listed below, In addition, a number of terms used in the coumry profiles, though not in the
tables, are also explained below.

Arpble versus gultivated land: The official definition of arable land is “land under emporary
crops, temporary meadows for mowing or pasmre, lind under marker and Kichen gardens, and
land temporarily fallow'. In this stedy, “land cultivated with annual crops” has been preferred o
‘arable lund' and refers w the physical area actwally cultivated with temporary crops, excluding
the temporacily fallow Jand. Hewever, the way multuple cropping and mtercropping  are
aceounted for s mol always clearly explained in the leraure.

Cultivablg fapd: The notion of cultivable Tand in arid areas is ¢losely linked w the capacity 1w
provide water o the crops, Assumgptions made in assessing cabtivable land vary from couniry @
country. In this survey, natiomal fgures hive been used where available, despae possible large
discrepancies in computasion methods,

Agriculmeal Japd: In most of the countries of the FSUL there is no clear distingtion between
agriculiwral land, cultivabie land or cultivated land, The definition varies from countey 10
countey and is explained in the country profiles.

lrrigation potential: Assumptions made in assessing irrigation potential vary from country o
pouniry. In most cases 1015 computed on the basis of available land and water resources, bt
eeonomic and environmental considerations may alse have been ken o account. Some
countries include ihe possible use of nom-conventional sources of water for irrigation. Except in
i few cases, no consideration i given to the pessible double counting of shared water resources.
Wetland and floodplains are usually, but not systematically, ncluded i icrigation potential.

Water withdrowal: Thes term mcludes all the water usaed for agriculwral, domestc and industral
purposes, The possible vse of agriculweal dramage water, desalinared water and (unkreasd
wastewaler = mcleded. These three sources of water are also referred 10 a8 fmon-covveniiong
somrces of water,

Agriculiural witer withirawal: Methods for computing agriculwral water withdrawal vary from
country o country. The Degure was reviewed for esch counry on the hasis of crop water
requiremens and irrigated arcas, and comments are given in the country profiles (o explain the
figure where necessary. In some countries, rural domestic water withdrawal is incheded in

agricultural water withdrawal.

Livestock water willelepwal: By defauly, livesiock waler withdrawal is accounted far in
apricultural  water withdrawal, However, some countries include it in domestic waler
withdrawal.
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rrigarion in rve forrer Sovier Urntan cowndeies in figires ¥

Induserial weter witdrawal: In many countries of the FSU, both hydropower water use and
water used for nuclear power plant cooling are included in industrial waer withdrawal, although
this is rather water use than water withdrawal in view of the very low consumption rates
involved. Where separate fgures for these items were given, they have been included in other
water withdrawal mstead of ndustrial water withdrawal.

Bemrn flow: Thar part of the agriculiweal, domestc and industrial water withdrawazl which
flows hack to the river syvatem o 15 collected by a dronage network.

Computation of water reseuress: The following erms bave been used n the computation of
water respurces: fnfernal renewable water resources is the average annual flow of rivers and

recharge of groundwater generated from endogenous precipitation. A critical review of the
dat wis made 10 ensure that double counting of surtace water and groundwater was avoided,
Tote! notrald resewalle water resources is the sum of internal renewable water respurces and
matural mcoming fow origiating owside the country. Special rules were vsed o fake the
Aow of border rivers inte account. Nowerad Jncomidng fow s the average annual amount of
water which would flow into the country in natural conditons, e, withowl human influence.
This figure is net time dependent, Tord aofead renewable warer resoreces 15 e sum of
internal repewable water resources and incoming fow originating owiside the country, taking
into account the quantity of flow reserved to upstream and downsiream countries through
formal or informal agreements or freatics and the reduction of flow due 10 upstream
withdrawal. It corresponds to the maximum theoretical amount of water actually available Tor
a country at a given moment. The figure may vary with time. Manageahle water resources,
of development potential, refers to that part of the resources which is considered to be
available for development under specific economic conditions. This figure considers factors
such as the dependability of the flow, floods, extractzhle groundwater, minimum flow
required for non-consimpiive ises, elc.

Safe vield of groundwater: The definiton varies from country to country and is explained in

the country profiles. [Umay or may mot include Fossil witer.

Kargze or Oangt: Unliced wonel in the Dallside. bringing water by free Oow  from

underground aguifers w the surface,

Phytomelioration: In Central Asia, sgricultural drainage water is diverted from the collector-
drainage network 1w ponds, where crops are grown to concentrate the salts present in the
waler aid thus filer the water. The main crops geown in such ponds are the common reed
(Plragmites cormepnnis), narcow leafed seedmace (Tepha angesnfolizy and great bolrush
Chciepies facwsreis), The erop hacvest is re-used as raw material for construction. This method
is alse called biological tremment of warer.

j [ 1 irrigation: Total water managed area is the sum of wodal
iFriganion (see definfion above), Oood recession cropping ares and other cultivated wetland amd
inland valley bowoms. [t does not include water harvesting areas, Flood recession cropping areas
faren wlong rivers when: cultivation occurs o the arews exposed as the Hood recedes) and other
cultivated wetland and inland valley boooms (wetlud and mland valley botoms not equipped
with water comrol struciures but used for croppingy are not reponied present in the countries of
the FEU, Total water munaged area thus corresponds o total irrigation in these countries.
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Irrigarien i the former Sovier Unlor counrries i fignres ]

General summary

INTROBUCTION

The former Soviet Union (FSU), which covers pant of the European and Asian continents,
comprises 15 countries. The area extensds from the Balte Seam the west 1o the Pacific Ocean
in the eust and from the Arctic Ocean in the north w the Black Sea and the Caspian Sea in the
south.

For the purpose of this snedy, the 15 countries have been grouped in five regons, based
primarily on gecgraphic conditions and, as far as poszsible, on hvdro-climatic homogeneity,
although the Russian Fedevation is, due o its size, subject o a wide variaton of geographic
and hyvdro-climatic conditions, The regions, lised by size and presemed in Figure 3, are here
referred to as: Russian Federation, Central Asia, Eastern Europe, Caucasus and Baltic Swates’,

GEGGRAFHY, CLIMATE AND POPULATION

Thee tonal ares of the FSLU b5 about 22,3 million kmi. which is almnst 175 of the toaal area of
ihe world (Tables | and M. The Rossian Federation alone covers 17,1 million km:, which is
almost 13% of the toal area of the world. Kazakhstan, with an area of 2.7 million km®,
covers 2% of the wral area of the world, while the remaming 13 countries combined also
cover 23 of the wmal area of the world,

TABLE 1
Ragianal distribution of the population
Area Paipufation 5 ud econoimic
Hegian %% inhabitaris ol acilve populaiion
ki” sl inhabigans B [EETHEUS 511 angagad in
FEU En’ T agriculiure
Russian Federaticn 17 GF6 400 T 148 126 Q00 q 24 12
Coantrnl Asxin 3 D5 400 1.e L4 SEE OO0 B4 St ]
Essiern Europs 45 OO0 1.8 E6 400 000 T an 11
Caucasis 16E 100 0.8 16 GT4 Q00 ah 40 26
iEnIIn": Blaten 174 900 B & To3 aoo dal 27 16
Fafrgr Sawial Lian F3 27w 300 VRO Zu31 481 0DD 1z 32 17
Wiarkl 134 23 000 5 FET 770 Q00 43 =03 a7
FEL) as % af ‘World 174% B 3% i

The total population of the FSU was about 293 million in 1996, which represents 5% of the
world population (Tables 1 and 113 About 32% of the wial population of the countries of the

Imnarzhution of the 15 counries of s former Soviet Ui e the five regions:

Ruissian Federntion: Ruzzian Federation

Central Asia: Razaklsan, Eyrpyz Repuhlic, Tajikisoan, Turkmenssoan, Uzbekisam
Eastern Europs; Helams, Moldava, Ukniine

Cawcasus: Arnwnmia, Aeerbagan, Geergn

aaluie Sates: Bsvamia, Lavia, LRliznis
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FSU is rural, compared with 34% for the whole world, varying from 24% in the Russian
Federation to 54% in Central Asia. About 17% of the economically active population is
engaged in agriculure, compared with 475% for the whale world, varying from 12% in the
Russian Federation to 30% in Central Asia. This reflects the importance of agriculiure in
Central Asia, while industry is largely predominant in the norhern regions of the FSU. The
population density is 13 inhabitants/km®, compared with 43 inhabitams/km® for the whele
world, varying from % inhabitamts/km” in the Russian Federation to 90 inhabilams/km” in the
Caucasus, The population growth hetween 1995 and 1990 was less than 0.06% ., comparead
with a world avernge of 1.4%. While in the 19805 the annual demographic growth rate was
stll positive, many  countcies of the FSU have zhown a pegative growth rate since
independence e 1990, The muin reason for ths has been the difficult econoame stiuation
prevailing since independence, which has led to lower birth rates, and the migraton of part of
the population w other countries.,

Russinn Federation

The Russian Federation 15 the largest country in the world and iz territory includes a wide
variely of physical features. Eurcpean Russia, which traditionally means the part of the
Ruzsian Federation o the west of the Ural mounains, and western Siberia are rather flat, The
Ural mountains provide only a symbolic barrier between European Fussia and Asian Fussia,
their mean altioude being only 300 m above sea level, with a peak at | 394 m above sea level
In the south, berween the Black Sen and the Caspian Sea, the area 35 more undulating untl i
reaches the foothitls of the Grearer Caucasus mountain range in the far south with a peak a
3042 m above sea level, To the ease of the western Siberian plains is the central Siberian
Maceay with high mountzin ranges on the southern border with Mongolia, Eastern Siberia and
the far east are dominaed by several mounrain eanges, which extend in 3 series of peninsulas
and islands in the Pacific Ceean, The Kamchatka peninsula has [0 active velcances, the
altitude of the highest being 4 800 m above sea level, The northern regicns of both Ewropean
and Asian Russia are inhospitable areas, much of the territory being covered by permafrost.

The climate of the Russian Federation is extremely varied. The central western regions have
the same climatic conditions as central and eastern Europe, although in a more extreme form.
There are wide temperature differences between summer and winter and there is considerable
snow in winter. The average temperature in Moscow is 19°C in summer and -9°C in winter.
In the south, along the Black Sea coast, the climate is more temperate. In the nonhern areas
and in much of Siberia the climate s severe, with arcoe winters and short, hot summers.
Average temperatures in southern Siberia vary from 18%C in summer o -18°C in winter. In
the far morth of Siberia, the average winter emperature is -47°C, The far east combines the
extreme temperatures of Siberia with some monsoon-type conditions, Average temperatures at
the coast in the far southeast vary from 21°C in summer to -14°C in winter. Ower a large part

of the territory, temperature is a major constraint on cropping.

The average annual precipitation in the Russian Federation 15 about 5%0 mm, varying from
less than 200 mm at the mouth of the Volga River in the southwest, to more than 1 000 mm in
the mountains of the far east (Figure 4). Wuter is generally in excess in the northern régions,
drainage being the main issue, while in the southern regions the lack of waer during the
CrOpping season makes iTTigation necessary.
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The population was almost 143 million in %96, over 30% of the ozl population of the FSLU,
The population density was 9 inhahil:urﬂsiknf iTable 11}, In the Bussian far east provinee, the
population density was only 1 inhabitantfkm™.

Central Asia

The total area of the five Central Asian countries is almost 4 million km®, which represents
almost 14% of the area of the FSU. Kazakhstan alose covers 68% of this aren of
4 million km® (Tables 1 and 1), The relief in this rerwon 15 extremely varied. In the east are
the Tien Shan and Pamir mountain ranges. The highest mountain of the FSU, the Peak of
Commurism al 7 495 m above sea level, & located in the northern Pamirs in Tajikistan, Much
of the mountam region 15 permanently coversd with ce and =now and there are many
glaciers. Mountain ranges i the south of the region mclude the canthguake prone Kopetdag
range along the border with Afghanistan. In the northeast of the region lies the second Targest
crater lake in the world, the Issyvk-Kul in the Kvrgyz Republic, On the border berween the
Kyrgve Republic, Tajikistan and Uzbekistan is the Fergana wvalley, which is o major
agriculiural area in this region. In the southwest lies the Kora-Kum or Black Sand desert,
which is one of the largest sund deserts in the world and which covers over B of
Turkmemstan, Ancther large desert, the Eveyl-Kum or Red Samd deserl, exiemds over
Kazakhstan and the posh of Uzbekistan, The west of the region s dominsted by the
depressions of the Caspian Sea. The Aral Sea, in the ceniral western part. is locared on the
border berween Kazakhsian and Uzbekistan. It is Enown o have become one of the world™s
most serious environmental disaster areas (see the section on the Aral Sea basin).

The climate n the region is continepial, but wvaries considerably according to altitude.
Average winter temperatures vary between -3%C and -20°C, but can fall below -45°C in the
mounain regions in Tajikistan. Average summer temperatures vary between 19°C and 32°C,
but often reach 30°C i the southeastern Karp-Kum in Turkmemstan.

The average annual precipitation in this region is 338 mm, varying froam less than 70 oun in
the plains and deserts w 2 400 mm in the mountams of central Tajikistan, One half of the wal
icrigated area of the FSU is located in Central Asia. The two major land quality problems
related oo wrigaton in e region are the mterrelated Bsues of salinty and waterloeging
caused by high groundwarer levels, This makes drainage important in this regicon.

The wral population was almost 34,0 million in 1996, [8.6% of the il population of the
countries of the FSU. The population density n this region was 14 inhabitass/km’, with a
minimum of 6 inhabitents/km” in Kazakhstan, which is less than half the poputation density of
the FSL {Tables 1 and 11).

Eastern Europe

The countries referred o a5 Eastern Europe (Belarus, Moldova and Ukraine) are located in
the west of the FSU 10 the nonh of the Black Sea. Their total area is 545 000 km®, which
represents 3.8% of the waal area of the FSU (Tahles | and 10}, The morth of this region is fla
and low with numerous lakes, swamps and marshes. The southern part consisis of sieppe
lowland, bordered by uplands o the west and southwest, The highest peak is 371 m above sea
level in western Ukraine, This region is famed for it fentile black soils,
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In ihe norh of this region, the climate i continental, with average femperaures of 19°C in
summer and -3°C in winter. In the sowh, the climate is emperate and very favourable for
agriculiure with fong, warm summers and relatively mild winters, Average temperaiures are
around 21°C in swmmer amd -5 in winter.

The average annual precipitation is 347 mm, varying from 360 mm in the Crimean peninsula,
where irrigation is necessary (o satisfy the summer crop water reguiremenis, o 1 S00 mm in
te Carpathian mountaing of nonhwest Ukraine (Figure 4). Droughis are frequent in the
southern areas. [n the morh of this region, drainage is more iImportant dhan irrigation. In G,
irmigation 15 mainly found in areas where the groundwater level has fallen too much due ©
excessive dratnage, so making also Irmganon necessary.

The population was 66.4 million in 1996, 22.6% of the wial pepulaion of the countries of the
FSU. The popelation density was 78 inhabitanis/dem’, six 1imes the average population density
for the FSU iTables | and 11},

Caucasns

The Caucasus includes Armenia, Azerbaijan and Georgia, and is located in the southwest of
the F5LUI, berween the Black Sea and the Caspian Sea. [is total area of 136 10 km'. or (.85
of the toral area of the FSU, 15 only slightly larger than that of the Baloc States (Tables 1 and
10}, The region is located at the southern foothills of the Greater Cascasus mountain range,
which is considered as the boundary between Europe and Asia. The highest peak in the region
stands at abour 5 000 m above sea level, Large areas around the Black Sea, the Caspian Sea
and the river deltas are lowlands,

The climate varies from warm, humid, subtropical in the northeast near the Black Sea coast,
with average temperature in summer of 22°C and in winter of 5°C, o typical dry continental,
with average summer temperatures up to 27°C.

The average annual precipitation is 733 mm, varying from 200 mm in the Araral valley in
central Armenia o 1 700 mm in western Georgia (Figere 41, In the southern and eastern parts
of this region irrigation is necessary, but drainage 5 also required in large arcas 1o redoce
irrigancn induced salinization, In the high rainfall region of western Georgia druinage s
impaortant,

The population was 16,7 million in 19%6, 5.7% of the toal population of the countries of the
F5U. With 90 inhabitants/km’ , the population density in this region is the highest of the FSU
(Tables | and 11).

Bialtic States

The tHal arex of the three Baltic states {(Estonia, Larvia and Lihweania), located in the
northwest of the FSU, is 174 900 km®, which represents 0.8% of the rotal area of the FSLUI
(Tables | and 100, The region is mainly flat aleng the coast and somewhat undulating farther
inland. The highest elevation is 312 m above sea level. There i o dense network of
waterways in this region and there are numerous lakes and marshes.

The climate is influenced by the reglon’s position between the Eurasian land mass and the
Baltic Sea. Average temperatures are around 17°C in summer and -5°C in winter.
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The average annual precipitation is 716 mm, varving from 300 mm in pars of Lithuania o
&350 mm in the uplands of Latvia (Figure 43, In this mainly low-lying, fat region, drainage is
more npostant for agriculiure than is irrigatien. Large areas can only be cultivated
imensively if drained, Irrigation is generally limited 1o supplementary irrigation,

The population was 7.7 million in 1996, 2.7% of the wotal population of the countries of the
FSU. The population densiy was 44 mbabitantskm®, more than thres times that of the FSU
(Tables [ and 110,

ORCANIZATION OF THE AGRICULTURAL SECTOR

In 19540, there were about 32 000 large farms in the Sovier Union, 453% of which were
sovilioz (sare farms) and 353% Lelkhoz (collective Farmz). Abour half of them (25 D00 were
located in the Russian Federation, The average size of (he sovklor was 13 306 ha and of the
kalidiar 5 90 ha. The size of the sodther and bafkloz tended o incresse from west o easi
and there were relatively more befbhor in the western (European) part of the FSU and
relatively more sovkloz in the eastern (Asiang part. Together, the sovbioz and Lolbhos
pecoumted for up o T3% of the pross value of agriculoral ouipar in 195940,

Before 1990, the private sector consisted of persomal howsehold plots (alse called individual
subsidiory Tarms), allocated w sovlfoz and Lol workers, and of garden and vepeable
o, allocated o urban workers, The average size of the household plots was approximately
5 b altheugh size varied considerably according w local conditions, There were aboul
33 million howscheld plots and 13 million gavden and wvegetable plows in 1990, Within the
private sector, a distinerion was made between subsidiary farms, producing mainly o sansty
farnily meeds, and private Tarms, producing not ealy for parsenal use ban alse for the macker.
I P90, the private secwr produced abowt 23% of the value of the gross agricelural produgt,

However, irrespective of who farmed the land, all agriculioral Jand was owned by the state,
as privaie ownership of lund had been sbalished at the beginning of the communist period.
Rent had also been abolished and the vse of land was free, However, by the end of the 1980,
within the Soviet Union, discussion had siarted about the questions of land rent, the misuse
and degradution of land by state organizations, the rights of the republics and the possibility
of introducing private landownership. In fact, discussion on remt paymentss for lond had
already been poing on for decades and by the beginning of the 19905 the need for it bad been
accepted in the Sovier Union,

During the Sovier period, agriculture was charecterized by heavy mechanization; heavy use of
chemical fertilizers and pesticides; development of monoculiure in certain regions, like cotton
in large parts of Central Asia: and the use of excessive quantities of water tor irrigation. As a
result, soil deterioration has been dromatie. In recent decades the deterioration of the fertile
black soils, especially in Ukraine and the Russian Federation, has received much attention in
discussions between Soviet experts. Loss of organic matter in the black earth soils, resulting
froom mechanization and the vse of chemcal fertlizers, bas been stressed. Irngation of these
black smils was also crivicized by Soviel specialists, I was said thar the imappropriate transfer
of desert wehnology tw the steppe environment, with its very high seepage from open canals,
the use of mineralized water, overwatering and the vse of heavy machinery, had caused
waterlogging, salinization, formation of surface hard crust, loss of organic matter and water
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erosion. However, according to Soviet specialists the consequences of the use of excessive
guantities of water for irrigation in Central Asia had even more tar-reaching negative effects,
with the drving up of the Aral Sea (see the section on the Aral Sea basin),

It wus generally considered that the reason for the waste of the natural resources in the FSU
was that the land was no lenger controlled by the farmers themselves, but by bureavcratic
prgamizations mainly interested in short-term resulis, It was hoped o improve the situation by
privatization. Since independence, almaost all countries have started & re-organization of the
agriculiural sector, Several forms of re-organization of the sovifoz and Lolbhoz can be
distinguished, the choice of which depends on the country:

- Joint stock companies, in which members receive shares with the right to dividends as well
as debt obligations, in proportion 10 their property shares. Operatonally, members anddor
brigades work under an annual contract, which specifies production obligations as well as
the responsibilities of the farm management.

- Collective enterprises, covering o wide spectrum of arrangements from an aggregate of
small units to a large unit which may preéserve the former management structure with the
exception that the manager 15 elected by farm members. If the later, land certificates do not
relate 1o specific holdings unless a member leaves the group and establishes o separate tarm.

- Farmers” associations, which can include iodividual farms as well as cooperatives. The
overall manpgement imcreasingly provides services, rather than direction.

- Comrade associattons, which are similar o collectves except that individual farmers execue
an annual comtract with the management. Profits are shared 0 relation 1o effon as well as

SUCCEss In meeting fargets,

- Private emterprises, which include bath single ownership farms and other arrangements
under which farmers essenizlly function as cmployees,

Since independence, land status has been changing continuously in the various countrics with
privatization becoming increasingly widespread. However, it is very difficult to obtain a clear
picture of the overall sitation. In each coumry profile an effort has been made o quantify the
different lamd property svstems ab the time of the survey, but these siwatons are liable 1w
change rapidly.

WATER RESOURCES

The survey has concentrated on renewable water resources. Information has beegn compiled on
internal and actual renewable water resources. fnfernal renewdle water resonrees (TRWR) s
thar part of the water resources (surface water and groundwater) generated from endogenous
precipitation. It is computed by adding up surface runoff and groundwater recharge occurring
mside the countries’ borders. Special care is taken o aveid double counting of their common
part (overlap). Acal renewable warer resonrces (ARWER) refers to the sum of IRWER and
external Aow, Tt is the maximum theoretical amount of water actually available for a country.
Actual flow takes into account abstraction in upstrenm countries and the volumes allocared
through formal and informal agreements or treaties berween countries. The imernal renewable
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wiler resources figures are the only water resourees figures that can be added vp for regroanal
asscssment and they have been used for this purpose.

Particular attention should be given to some specific ssues related to the computation of water
resources n the FSU countries. In the ard areas, mostly i Central Asia, the complex
ivderrelation between =urface water and growundwater makes it difficult w assess therr commaon
part, In cases of extreme complexity. groundwater resources in one country may come from
infiltration of runoft generated in an upsiream counery, =0 nwking i difficulr o distinguish
between internal and external water resources. Exchanges between counirics are further
complicnted by the fact that nvers olten cross the same border several gmes, Part of the
incoming water flow may thus originate from the same counory which it enters, making it
necessary o caloulate a “met” inflow o aveid double counting the resources,

In general. due o che important withdraswal which bas been waking place for a leng tme, the
assessment of surfice warer runofl in those areas is also made difficul by the absence of
chronological series of naeral flow mensurements. Ideed, most of the available flow dac
relate to measurement of actuwal runcll rother than mowecal Oow. 1o addition, most of the
figures quoted in reports, especially in Central Asia, correspond to the agreements on shared
WilleT Tesources.

In the computation of groumdwater, a distnction s oswally made beoween groundwater
resources, which correspond e he average anmual recharge of the aquiters, and extractable
groundwater, which is vsually compured on the basis of aquifer producovity and a thesrencal
network of wells, The figures in this survey refer to groundwater resources. However, mosi
of the references on groundwater in the FSU rely on an estimarg of exmciable groundwaner,
which is usually less than groundwater rescurces, The computation of groumdwaler resources
and of its overlap with surface water resources may thus be quile approximative,

The annual renewnble water resources (EWER) of the F5U are 129 of the world’s RWR.
However, as the FSU contains only 3% of the world's population, the annual IRWR per
inhabitant, over 16 000 mr. are more than twice the world average. There s o wide variation
by region: Eastern Burope, with the Jughest popolation density, baving only 1 375 ||1':'.f}'|:i1r
per inhabitand of IEWE amd the Russian Federagon, with the lowest population density,
having over 20 000 m'/year per inhabilant (Table 20, However, the water resources in the
Russian Federation are very unevenly distributed in refation 1o the population. In the more
densely populated western part, the annual renewable surface water resources (RSWR) are
estimated ar around 2 000 m” per inhabitant, while in the Siberian and Tar east regions the
figure can reach 190 000 m’ [rer inhabitant.

TAEBLE Z
Rogional distribution of internal renewable water resources [IRWR)
Anmual precipiiation Armusl infermsl penssyale sl resaurces
Beginn H 4% ol m° e
mim m” i km’ precipiziicn irhakntam
Hussian Feoeratean GTIE] Vo aeT 263 4313 47 20115
Camaral Asia EAcE:| 1 3%y L3 A0 18 3
Eustom Europi N 467 10E a1 z0 EATs
Cavcasus 135 137 406 5 1) 4 517
Baltic Stotes | 718 125 Fi 45 G 6 843
Farnser Seviat Uikon ¢ Rag 12 132 1z 4 740 EE] 16 117
World I 520 i 110 q0n Z9E 20 300 36 B 535
F&U os % of Warld L i 11% 12 % |
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In Moldova, the IEWE per inhabitant are only 225 m’fy::ar; in Turkmenistan 327 IT]?‘.I'}'EEII
{Table 12). However, looking at the ARWR, these figeres are 2 622 and 5 949 m’fvear per
inhabirant respectively, thanks 1o the importince of Oow coming [rom neighbouring countries:
Moldova depends for over 91% on other countries for s water resources and Torkmenistan
for over 97% , most of the water being brought 1o Turkmenistan through the Kara-Kum canal.
To a lesser extent, but still over 30% dependens on other countries are: Uzbekistan (77%),
Azrrhalj.m ['."3"‘1'.]. Ukraine (62%) and Latviz (33%) {Figure 5). However, Latvia is, with
6 O35 m .':..r:nr per inhabitan:, already 1.'.~|:II endowed with IRWR, while for Azerbaijan and
lemmr: IRWR are just over @000 m'/year peT Jnhahl.tant and for Uzhekisian only
TO0 .I"'.'EET All the other countries have e e 2 O00 .I'}'r_'.zr per inhabitam of IRWER
and Tour f.-E-uI:'llTIES have more than 10000 o "';.l.-:u.r (Figure 6). For all countries, the ARWE
exveed 2 000 m .I'}l:ar per inhabitant (Frgure 7).

For the Central Asian countries, a water allocation system exists between the five republics
concerning the wiarers of the Amu Darya and Syr Darya rivers. As the computation of ARWER
imegrates those allocations, these resources are less than the IRWR for the two upsiream
countries (Kyrgyz Republic and Tajikistan), while for the other three countries the ARWR are
maore than the IRWR

WATER WITHIRAWAL

Table 3 shows the distribution of water withdrawal by region between the three major seciors
of water use: agricullure {irrigation and livestock), communities (domestic water supply) and
industries. Waler requirements for energy, navigation, fisheries, mining, environment and
recreation, although they may represent a significant part of the water resources, have a
negligible net consumption rate, For this reason, they are not included i the computation of
the regional water withdrawal. However, as it was not always possible o obtain separate
Ngoures for witer use [or cooling in e noclear power plamts, for hydropower and for
industraal water withdeawal, the first two moaht sometimes be incleded in the figure for
induserial withdrawal withouwt knowing the different quantities.

TABLE 3
Regional distrbution of water withdrowal
Anrmial water wiahdraswal by sesiar
Ragian Aqriciliuad Camesrio Iredisnial Taal wahdraaal
il iz T ol milkon e ol milliam | %3 of mmillkam 9% ol [ ™ por | in % af
me LaEal il ratal T 1tEl i Ezy | inheh, | IR
Hussaan Fedoracion 16 200y 20 14 A00) 18 47 GO0l G2 FHiaof 206 B 2
Caniral Asia 125 527 M 4 227 3 THinl G 13T 4G4 5090 2 H14 &7
Eastern Curops o573y g 5a14] 17 VB 586 53 B aasl 17 437 35
Capnasus 165 814) 64 2371 10 4 941 22 X2 426 B.G] 13275 i 143
Baltic Siales | 7 Q40| &5 194 22 59T l:'.‘l.:-ll Hi 2
Former Savist nicn 166 ﬁ1 a2 Z6 HE3] 10 TE 947| 28 Z62 875 TR0 424 [
World £ 236 000 69 | 259 000 a| 745000 23 (3 24D 000y 1400 5632 )
E5U as % of Werld T 10% 104 3% 161 5%

In the FSU, 62% of the water withdrawal is direcred wowards agriculure, compared to 69%
for the whole world, Cemral Asia has, with 91%, the highest level of water withdrawal for

agriculiure (Figure & and Table 13), This is the region where the largest ares 15 irrigated
(50% of the wial irrigaed area of the FSU) and where the annual agricultural water
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withdrawal per irrigated hectare, 12 4400 m', i by Far the highest. As a L‘-I.'I[['I].'IiJ.I.‘i.S-EIII- the
woml '|Er|-;.u|lum| water withdeawal per irrigated hectare is onlv 1600 m” in ﬂm Balric
States, 2 500 m° in the Russian Federation, 3 100 m” in Eastern Eum]'.l: and 7 200 m’ in the
Caucasis. [nothe low-Tving Bultic States, where drainage 15 a necessily prior o acrigation, only
7% of the twal water withdrawal i directed wwards agriculiure. Industrial water withd rawal
is partculacly important in the Rossian Federation and in Eastern Europe, mainly because of
the bmporiance of the industries in tose countries, bul also because of the possible account of
wiler use for nuclear power plant cooling. In absoluie terms, Central Asia represemts over
S0% of the total water withdrawal of the F5L), The water withdra ‘.'l.':ll. per inhabitant varies
from less than TI'[F ' fyear in Lithwanin to more than 5 700 m .‘} gar in Turkmenistan,
compared 1 560 m fyear for the whole world (Figure % and Table 131, The waer withdrawal
per inbabitanr in Central Asia is almost 30 tmes dot i the Baloc Mates.

Water withdrawal, expressed as a percentage of [RWER, s an indicaror of a region’s or
country's capacity o rely on s own retswable sources of water, Values above 100% indicae
thean, i addition wothe IRWR, either other sources of water (fossil groundwater, wastewater,
desalingmed water, drainage water) or water flowing into the region or country from outside
are used. For all the regions of the FSU, wdal wer withdrawal s less than the IRWER,
However, at country level this 15 not the case for four countries: Turkmenistan, Uzbekisan,
Moldova and Acerbagan (Figure 10} Thes is explained by the withdrawal in these countries
of water coming from upsiresm countries or border rivers.

While Central Asia uses almaost 675% of s [RWR (he figure would be close w0 K% for the
Aral Sea basin only, iF losses from rivers amd canals were incloded), the Balic Stales uses
anly 1.5%, The FSU a5 4 whole uses less than 6% of its RWR, compared with 8% for the
whole world (Table 3).

Water withdrowal, expressed as a percentage of ARWR, which sake e account the
incomming or berder Hows and the existing agresments, & also a good indicaror of (he pressure
on the RWR. Roughly, it can be considered that pressure on water resources 5 high when this
value s above 25%, which is the case for all five Central Asian countries, as well as for
Moldova, Armeniz and Azerbaijan (Figore 11 and Table 135 Except for Uzbekistan, ol
water withdrawal s alwavs lower than the ARWE {Figure 11}, The reason for this exception
is probably thar Uzbekisian re-uses a lacge pan of the return flow (4.3 km'_'.'].frelr‘.l- which 15 nat
computed as part of the RWR. Moreover, the upstréam countries probably do not use the total
quantity of water allocuted 10 them, leaving morg water available for Uzbekistan than the
quantity located accordimg toodle agrecment.

LUse of non-conventional sources of water

Tlee vomal guantity of produced wastewater in the FSU is reported 1o be about 48 .'r;.l:u}.-'}--.-:ur. of
which abour 23% is rreated, Information on the re-use of treated wastewater was aviilable for
aaly 6 of the 15 countries: 0.32 km'fvear, of which 0.27 ]-'.l'n}.l'}'-:::ur in Kazakhsan, The ol
quamtity of re-used domestic and indusorial wastewater in ihe Aral Sea basin is reported o be
ahoar 3 i-:1:|i1."}'uu.l'- which means that most of the re-used wastewater s untreated, In gepneral,
the resuse of reated o vmreared wastewater concerns o relanvely low quantity compared 1o
the prodoced wastewster guantity. This 1s probably related o the Gt that in many couneries
WAIET §5 DOL SCEECE.
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Figures on agricultural drainage water are only available for the Central Asian countries,
where it plays a significant role, In 1993, the weal agricullural drainage water was estimated
at about 49 km'fyear, of which 40 ko' fvear in the Aral Sea basin, About 15% was reported
o be directly re-used for irrigation in the Aral Sea basin (see the section on the Aral Sea
Eazin).

IRRIGATION

Irrigation potential

The methods used to estimate the irrigation potential vary from countey 1o country. Hence,
comparisons between countries should be made with caution (Table 105,

For the Russian Federation, the irrigation potential is estimated at 29 millien ha for permanent
irrigation and 74 million ha tor supplementary irrigation.

In Central Asia, the figures on irrigation potential refer o the 1ol area which would be
podentially suitable for irrigation development wp o 2000, Irrigation poential for the five
countries together is estimated ot more than 14 million ha, of which over 80% is already
equipped for icrigation, ranging from 48% In the Kyrgyr Republic to 95% in Kazakhstan and
Tagikistan (Figure 12 and Table 14},

In the norhern countries, drainage is more important for culfivation than is irrigation, except
i arcas where the groundwater level has fallen teo much due o excessive drainage. For this
reason, figures on irrigation podential for these countries are cather arbitrary and of linde use.

Irrigation development

[rrigation covers almost 23 million ha in the FSU, haif of which is located in Central Asia and
about one-guarter mn the Bussian Federation (Table 4.

The part of the cultivared area which is irrigated varies considerably from region w region
and country fo country. For the FSU as o whole, IS of the culfivated area is irrigated
i(Table 4). In the Caucasus, 67% of the cultivated area is irrigated, ranging from 44% in
Georgia 1o 80% in Azerbaijan. For Central Asia as a whole, 26% of the culivated area is
irrigated, ranging from 10% in Kazakhstan o over 99% in Turkmemstan {Figure 13 and
Table 14y, On the other band, in the Baltic Staes less than 1% of the culovated area is
irrigated (Table 4).

TAESLE 4
Regional distribution af rigation mathacd=

Irsigatiam in heciares Culireated Irmgation
Ringion Fidl ar parcinl | Equigped Spate Tatal Yo af anea n %o
L] S]] wwaglard irrigation immigatian FSLl I cuillivagad
[Foussan Feduration & 124 000 0 @ 6124 0DO| 64| 116 600 000 |
Cerdral Asia 10 134 100 136 7000 1 104 603 11 377 400 49,9 43 448 30 6.2
Eastern Eurapa 3 048 oo 0 & {048 000 13.4 F9 440 Q0 1.7
Copsnsus 2 UTE 46T 3% 500 & 2 207 5E7 9.7 32781482 B34
Haliic States 3T 927 0 Q 32 827 0.1 4 650 3356 .7
Former Saviet Unicn 21 518 494 170 2000 1 Vs B 22 780 Zma| 1000 Z0F 72T 118 11.0
% ol total irrsgation A% 1% 5% 100%
Weeld 248 404 28
FEU as % of World 5%
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Full or partial control irrigation s by far the most widespread type of irrigation, covering
94 % of the area (Takle 41, Spate ierigation, accounting for 3% of the wial, 15 reported only in
Kazakhstan, where it represents one-third of the ol evigaton, The cemaining 1% consists of
wethind equipped for irrigation and is reported in Kazakhsian and Georgia (Tabla 14},

In several countries, the area equipped for irmgation has diminished during recent vears, This
is muinly related to the face that, because of the ditficult cconomic situation, countries have
o been able to maintain the sprinkler irvigation and micro-irmigation svsiems, leading o their
complete abandonment

Irrigation fechnigues

The irrigation techigues vary considerably from region w region and country o country. For
the FEU as o whole, surface irvigaton s, with S8.3%, the most widely wsed weclungue,
followed by sprinkler rrigation with almost 41,75, Micro-irrigation is practised on 0.05% of
the irmigated arca (Table 31

TABLE &
Irrigatian technigues by region

Full comtral irrsgation: aren equigpsd
Aegeon Surfaoe rrkation Sperinkler ETiganon Iicra-krigation Toial irngation
s Yo at hia % al ha %o al %]
Pl laatal Ludind
[Fuis=an Feduration 245 200 & 0 5879 G LR ] o .00 6 124 G
Central Ao G547 5A0] 94.1E ARG 800 & 70 4 610 [ 0] 10 134 100
Eifistarn Eufaps 230 dadad 27 13 2 214 Qg 12.Eh 3 GG 17 3 0458 QO
CHpCORUE I 926 249) 893.50 2&T 400 11.37 2 ElLE [ 2176 467
Habtic States 4] iR o] Az a7 10000 O .00 3: 927
|i'urmur Sowiet Urdon 12 543 839 68_20 & aGo 127 4146 11 kxg 2.0k 21 515 394

Surface irrigation predominies in Cemtral Asia and the Caucasus, rangmg from 76% in
Kazakhstan o 100% in Tajikiscan {Table 13}, Sprinkler irrigation is predominam in the Baltic
Stares, the Russian Federation and Exstern Europe, ranging from 805 in Ukraine e 100% in
the three Baluc staes and Belurus, An exception s Moldova, where surface irrigation
predommates (Figure 14).

Chrigin of ivriganon waier

Swrface water, groundwater and non-conventional water (ereated wastewater or agriculiural
dratnage water) are used for ierigation incthe FSU, For the Russian Federation, Lithuania and
Belarus, no details were available and it has been estmated thar all iredgation waer is surface
water, which certainly is by far the major source of irrigation warer in these countries. In all
coumdiries, the origin of irrigation water is mainly surface water, used on over 90% of (he
irrigated area, and for over half of the countries it is the only source of irrigation water
{Tubles & and 16). Groundwater is used in two of the three countries of the Caocasus and in
thie Cemtral Asian countrics, being used on around 6% of the irmigated anca.

The use of non-conventional water is limited w the Central Asian countries. In most cases it is
o possible w0 omake o distncton between the wse of (undrested  wastewater amd of
agriculural deainage water, These two sources are wsually mixed before re-using, Moreover,
if is ot abways clear whedber l_I:|r: agricultural drainage water is considered as surface waler or
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as non-conventional water. For this reason, the figeres in Table 6 should be considered as
being of mdicative value only.

TAEBLE &

Oeigan of irrigation water by region

Full gonlad irigsban: ses equipped
Rugian Siaslain Or pand- honr-cenventional Tatal
wiaer vaaler waner irfgatian
ha 8 ol I %o ol i = al hi
Lol Latal todal
Russiarn Faderaticn B 124 Q00 1000 4] 4.0 [¥) 0. G124 000
Caritrad Asia D oA91 879G 43T 572130 5B 70 14043 0.3 10 135 VoD
Eastarm Europs 3048 000  100.0 a 4.0 [ 0.3 3048 DhD
Caunnsus 2045 104 44.0 1371 358 .0 [4) 0. 217G 467
Baltic States 32927 1000 [u] o0 L4 0.0 32 527
Former Soviet Union 20 741 906 944 T0% -!EEE 1.3! T 1ad 0.3 21 B15 404

Trrigated crops

Information on irrigated crops often relies on national planning figures ratfer than on figures
for achially cropped arcas, which are much more difficult to assess, Bearing this in mind, the
different irrigated crops found in the FSU have been grouped into six mujor categories and
the resulis are summarized in Tuble 7.

TAaBLE ¥
Regianal distribution of tha main imigated crops (oreas in hectares)
Ruegian Faddor Casanls Codlan Pail atoss CIE Pasrmananl Taral
craps arad and anrial et T Crngis
[EN e waaahilag [T
Fussian Federation 2853 000 1 217 OO0 [ 208 00D 117 O O o4 G5 000
% pf croyre A3 A% L [UR e & I% 2.0% 0% FL Rl
% af FA500 Al ol 'S [y e 2l T LLp % L2
Canles fgin 31 300 F 538 BVG 2 GEE 24D 381 330 F71 A6 T3 30| 10 2148 400
AT s ST 252 2d.0% FE % I % &S 35% AL
% nf ST Ar. 1% LR Frba el ki [ el 4 &/, 0% ih 2 AT
Eustern Curope 1473 A% 890 600 [¥] I87 EOD 197 A0 431003 2 8482 000
% OF SRS H7,8% ars 0% O i T8 Frr xis
% af FSLF 21.0% 18.2% (A4 e 2RIN T 4% 2 3% I56%
Caucasus a8 Zhd 523 d1ﬂi Z10 445 g4 1 TOE14 2TE OBE| 1 242 333
W of crowa a,3% HI A% 1E.9% 7.5% 57% PR A% A0 a%
% ar FSLF Y% IR % Fd e 0% -E.E'*': 2I.5% o %
[Battic Sistes EEREE 3 700} [¥] 14 530 & O] 204 G0 020
N of oTErE i, 0% L 0,0 24 7% ilis Fill pla a3
% of FSL07 &% L% (AN F.AO% L] s E2%
Former Soviet Wnion TOO7 G50| & 173 GAB) 2 576 GRS, DAG 351 1 134 474 1 294 G606 1B 474 343
o of srope Jrag 28.0% 15 6% 5.3% 6 1% 2.0% JOk0%
% of FSL OO 100.0% TN O o 0% 7a0.0% ML D% 10005

The maost widespread irrigated crops are fodder crops, which represent abmost 38% ol the
irrigared crop area of the FSU. Except for the Caucasus, they are the main irrigated crop in
each region, accounting for from 28% of the irrigated crop area in Central Asia 10 62% of
that in the Russinn Federation.

Cereals (which ioclude pulses in the statistics of the FSU) are the second most important
group of crops, representing 28 % of the irrigated crop area of the FSU. Over one-third of the
area is covered by wheat. Irrigaed cereals are the main irrigaed crop in the Caucasus,
covering 42% of the irrigated crop area in that region.
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The area with irrigated coon, 16% of the wial irrigated crop area, ranks (hird in the FSLU.
Central Asia is the major cotton producing area, representing almost 935% of the ol irrigaed
cotton arcd of the FSU. Cotton also covers, with 26%, the second Dirgest area of irriganed
crops within Central Asia. Apart from the Cemiral Asian countries, only Azerbaijan is
reporied as growing irrigated cotton in the FSLUL

Puatoes and vegetables represent 3% of the waal irnigated crop area of the FSLUL In the Balic
States, they represemt 2d% of the irrigaed crop area,

Irmgated permanemt crops (mainly arapes and froi trees), representing 7% of the total
crigated crop ares e the FSU, are muinly grown m Centeal Asia. This region accounts For
73% of the irrigated permanent erop area in the FSU, while the Chaveasus accouns for 22%.
Within the Caucasus, permanent erops represent the second Largest irrigaed args.

DRATNAGIE
The dramned area covers almast 25 millicn ha i the FSU (Tables 8§ and 17).

I the vorthern regions, like (he Baluc Swes, parts of Eastern Borope and the Bussian
Federation, drainage is necessary (o cultivate the low-lying andfor swampy areas. In addition,
drainage might be necessary for construction purposes, This is why, for example, nothe Balhic
Hares the drained area 15 larger than the cultivated arex (Figure 15). The percentage of the
total area of the region drainet 15 also by far the largest for the Baltic States {Table &)

TABLE &
Rogdonpl distribution of dialnage methods
Qiairssd dainea
Fpggin Sxirtace drainags Sidngurinee drninage Tatal driinggin
ha % oal 5] "-!:. al ha Boal 9% of aros| % ol araa
tial tagal FSU | @f ragion | cidtivabodg
[Rusdian Fomseaton | & 161 0G0] 56 | 3 238 Go0|  +4 R L 6
Cantrol Asig 3533064 T4 1239 762 26 4 772 B2E 1a 1.2 i1
Casiem Eurcpe HE B o L] - 4 288 I G0 G210 (e E‘E-l 7.4 G
Chucagig 409 720 &1 335 390 38 325 110 il a4 25
|Baltic States SET 854 11 & 760 647 &8 5 358 22| 06 1%
Farmer Sowviet Union 10 733 44 13832 BB 24 BG5S 437 100 1.1 12
a3z 049

I the drier areas of Central Azia and in part of the Cavcasus, drainage is related 1o ierigation.
One of the measures necessary 1o prevent irvigation induced waerlogging and salinization in
arid and semi-arid arcas is the installation of drainage facilities. Drainage, In combination
with adeguate irmigation scheduling, enables the leaching of excess sults from the plant root
zone. Information on salimzanion theough icrigation was given for only seven countries,
including all five Central Asian countries. The area salinized varied from 5 e 50% ol the
irrigited aren (Tablde 171 Tn Central Asia, all the draoned area s located anothe aren egquipped
fir irrigarion,

[n Lithuania, slmest 92% of the area equipped Tor wrigation is dramed (Figure 160, Draimage
was mitially used w remove excess water, However, due to over-drainage it subsequently
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became necessary (o irrigate, Although no detailed information is available, the same might
be true for Belarus, Eswonia and Larvia.

Subsurface drainage is practised on 306% of the drained area, Iv i most widespread in the
regions where drainage is more imporcant chan ircigation, like in the Baltic States, whera 89%
of the drained area is drained through subsurface drains (Figure 17 and Table B). In Central
Asia, drainage takes plage mainly through open drains. Subsurface drainage in this region 15
praciized on only 26% of the drained area, ranging from less than 4% in Kozakhstan 1o 44%
in the Kyrgvz Republic {(Table 17 In geneeal, mewly reclaimed areas are equipped with
subsurface drainage facilities rather than swrface drains.

In the more humid regions, where, in order 1o enable culiivation, drainage is necessary 1o
remove excess water, crops vields may be lower than for irrigated or rainfed crop yields, The
reasen for this might be that drained land is already of marginal qualicy with very poor, low
pH soils, However, without drainage no cultivation at all would be possible. Another reason
for the lower yields might be the advanced state of degradation of large pans of the drained
land. The most important crops on drained lands are fodder, including meadow and pasture
areas, followed by cereals, potatoes and vegetables,

THE AraL 5Ea Brasiy

The Aral 5za hasing located in Central Asia, has undergone many changes in the recent pass,
The Aral Sea, the world's fourth largest lake before 1960, has been progressively drying up.
With the end of the Soviet era, the international community has become aware of this problemy
and focused om what o5 considered one of  the major anthropegenic  environmental
degradations in the world, The purpose of this section 15 to present the Aral Sea basin, the
ciauses of the deying up of the lake, the present trends and the solutions being studied by the
governments of the countries of the region.

Water resources of the Aral Sea basin

The Acval Sea, located in o depression in the Turan plain, is fed by owo major rivers: the Ami
Dracya i the soutls, and he Svr Darva in the nenh, which rise in the scuthwestern Pamir and
Tien Shan mountain ranges cespectively, The combined hydrelogic basin of these two rivers
has & ol area of abour L9 million km? and exiends over sis countries (Figure 18 and
Table 9. In Kazakhsian, all the fow of the Turgay, Saryse, Cho and Talas rivers is lost in
the desert or 15 directed to natural depressions. These rivers can be considered as not being
pary of the: Aral Sea hasin.

The assessment of natural [low in the basin is hampered by the large amounts of water
withdrawn from the rivers since the 1950s, By reconstructing long-term hime series, the
average annwil RSWR in the Aral Sea basin are estimated at 1156 km?, of which 78.46 km?
in the Amu Darya basin and 3714 km? in the Syr Darya basin (Table 9). For a 20-vear return
period, the values are 46.9 km? for the Amu Darya and 21.4 km?® for the Syr Darya.

Before 1960, the level of the Aral Sea was more or less stable, Iis surface arca was about
66 000 km?* and s volume abowt 1 060 km®. The combined average discharge of the Amu
Darya and Syr Darya rivers o the sea was about 47-50 km*year, 1o which could be added
5-6 km¥year of groundwater inflow and 5.5-6.3 km*/year of precipitation over the sea. This
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totgl voelume of 375625 k¥ /vear compensaed the evaporation over the like, estimated at
about Gl km®fyear, The Aral Sea level was then fuctuating ar around 50-33 m above sea
level, The difference between the IRSWR of the Aral Sea basin, estimated at 115.6 km?/vear,
and the necessary discharge w the sea for a siable water balance, estimated
47-30 km?/yvear, was available for use in the basin, Le., abour 65.6-68.6 km¥/vear. The
average mineral content of the Aral Sea’s warer was estimated ac 10 g/litre in 1960, Fash
capture was abowd 40 000 thvear, and many fish-processing indusiries were established on the
shores of the Aral Sea, Together with fishing, these indusiries provided emplovment o much
of the lecal population.

TABLE 2
Benewahle surface water resources of the fral Sea basin
Aiaa Agnawhablo Sarlace Walin Raaisircog
Colmiry o Zors Arrnt Darya akin] Gyt Darys Baen | Arel Sea Daain
R ETEEL [ ke Ta ki .
kit Dagin  § ooty oar o [ESH al [E] af
area Flo wEir bazin ey basin o lresin
South-Kazakhsizn Ba0 000 FI=) 20 - . A.50 13 4.60 ]
Turkineristan AEE GOD 24 a6 D93 1.2 - 2.0 D.98 D4
Uzbekistan 447 00 23 100 4,710 8.0 4B 13.0 0.5 B3
Marth-Afgharestan 2314 800 12 36 518 14 . 0.0 &.18 3
Tajikislan 141 670 7 gl 62,90 aa.2 G0 1.4 B3, 301 54,8
Eyrgwe Aepuldic W17 500 [E} 0 193 2.6 27.35 TI4 X3.18| 2b.2
Tautal 1 347 BT0 100 Th.649 a7.7| 36.98 36| M13IGa| BE3
Busin * TEAG| 1000 3704 1000 VHE.G0)| 1000

Tinli: Series and Palhadds ased [0 Wil Eseuiced ComoETi 1ar P Cadin a8 8 wiels ool |Gr eleh colnleg miy sary, wdeeh
dxplard U dilfiraice Beleain Th 1ol ol ounlnig and 1hi wakss Nor Fa wihioda Do

Irvigation development in the basin and the drying up of the Aral Sea

I the 19808, the Sovier policy assigned Central Asio the role of raw maderial supplier,
nogably coton, lrrigation was necessary due o the arid climate prevailing over the lower
reaches of the Amu and Syr Darya basins. The development of érrigation i the Soviet part of
the Aral Sea basin was spectacular: from about 4.5 mullion ha o 1960, § rose o almost
T million ha in 1980 {Figure 13 The population increased from 14 million infubitants in 1960
10 about 27 million inhabitams in 1980, The wial water withdrawal increased from 4.7 kin?

FHZURE 1
Evalution of population, irrigation and water withdrawal in the Aral sea
basin
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in 1960 w 120 km* in 1980, of which more than 0% for agncultural purposes (Figure 1), It
resulied in the disruption of the prevailing water balance n the basin.

The conseguences of this huge irrigation development are numerous:

- Many tribuiaries have been exploied o such an extent that ey ne longer contribute
directly to the flow of the Amu Darva and Svr Darya rivers, They are: the Zeravshan and
Kashkadarya in the Amu Darva basin, and the Arys amd Akhangaran in the Svr Darva basin.

- The intensification of irrigated agriculture has led to major waterlogging and salinization. In
1995 the irrigated area was almost 8 million ha, compared with 4.5 million ha in 1960
(Figures 19 and 200, The main causes of s soil deterioration are: the low irrigation
efficiencies, due pariicularly w the small percentage of lined canals (28% on average in the
hasin for the inter-farm network and 20% for the on-farm network);, and the absence of a
drainage network, or s poor state due @ the lack of mainienance particularly in the most
recent years. In 1994, about 40% of the irrgated land in the basin was =saline. Agriculture in
the Arial Sea basin bas been praciized with a high level of inpus, particularly fertilizers and
pesticides, and this has resulied in the deteriormion of surface water and groundwarer
quality, The salt coment of groundwater in the lower reaches of fhe river bagins waries
between | oand 300 gflitre.

The traditional ecosysiem of the two deltas of the Amu Darya and Syr Darya has perished.
The marshes and wetland which covered spme 350 (04 ha and were 3 reservoir of
biodiversity until the 1960s have almost disappeared {only 20 000 ha were left in 19%(])
giving way to sand deserts. More than 50 lakes, covering 60 000 ha in the deltas, have dried

up.

The Aral Sea is drying up. lts level has dropped by 17 m, its surface area has fallen by a
half and its volume by three-quaners (Figure 2). At present, the sea consists of three
sections: the Small Sea or Northern Sea on the erriory of Karakhstun; the Central Sea; and
the Western Sea, which 15 the deepest one, mostly located on the territory of Uzbekistan,
The mineral coment of the water bas iocreased fourfold 1o 40 gflitre, prevenung the survival
of most of the fish and wild life in the Aral Sea. The current fish capiure is negligible,
leaving most of the people unemploved, All commercial fishing ceased in 1982, Morcover,
the former seashore villages and towns are 70 km away from the present shoreline. The
exposed seabed now consists of wast sale fracts, whose sand and dust, polluted with
pesticides, are carried by the wind to neighbouring areas and up to a distance of 250 km.
The eolian transfer of dust and sand from the exposed seabed hos been estimated af
[5-75 million Uvear.

With the reduction of the size of the Aral Sea, s climate modifying function has been lost.
The climate around the sea has changed, becoming more continental with shorter, hotter,
rainless summers and longer, colder, snowless winters. The growing season has been
reduced to an average of 170 days per year. Desert storms are frequent, oCcurming on more
than 90 days a year.

Communities face appalling health conditions. In Karakalpakstan, drinking water supply is
too saling and polluted. The high contents of metals such as strontium, zine and manganese
cause diseases and prevent iron absorption, causing anaemin. In the last 15 years, kidney
and liver diseases, especially cancer, have increased at least 30-fold, arthritic diseases
G=fold and chronic bronchitis 30-fold. The infant montality rate s one of the highest in e
world.
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FIGLRE 2
Trends in the fral Sea
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Beasures adopted fo mitigate the covirenmental problems

Aware of the above problems, in the 19805 the government of the Soviet Union decided o
develop a Water Rescurces Master Plan for the Svr Darya and Amu Darva river basins, The
principle of a steict limitagion of water withdrawal per hectare was adopred in 1982 and it was
decided 1o share the available warer resources among the riparian republics, Decisions were
taken by the Ministry of Water Management of the Sovier Union in July 1984 for the Syr
Dreirya waterz and in March 1987 for the Amu Darva waters. Two Basin Water Organizations
(BWO) were established e operaie and mainain the main hydraulic infrasrruciores and o
Menior waler use.

Alter the end of the Sovier period, the newly ndependent states decided 1o prepare 1 Regional
Witer Resources Mamagenmsent Strategy, but o respect the existng principles uwnul the
adoption of a new agreement on waier resources sharing., At the initiative of the five
republics, an Interstate Commission for Water Coordination (IOWC was esiablished, The
ICWC supervises the two BWOs and a Scientific Information Cenire, and is m charge of
regulating water distribution in the basin and of consolidating the country positions for the
adoption of a regional water strategy. The preparation of this water strategy, as well as
regional studies and pilol projects for a new approach in water management, have received
attention and  Tunding  from several amlernatnomal orgameations and  bilateral  cooperation
agencies. The Imernational Fund for the Aral Sea (IFAS) and the Interstate Council for the
Aral Sea Problem (ICAS) have been esiablished in order to subordinare the initatives and the

financial resources 10 8 regional approach.

Warer supply tanageient

The first solutions envisaged o face the problems listed above were based on water supply
management. During the Soviet period, the possibilities of water diversion from the Ob River
w the Amw Darya Biver through a 2 200 km-long canal or from the Volga River w the Aral
Sea werg siudied. These oprions were ahandoned with the ending of the Sovier Union.
Currently, a proposal to transfer water from the Caspian Sea to the Aral Sea is being studied.
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Greater use of agriculiural deainage water and wastewater, as well as the introduction of more
sali-tolerant crops, have also been envisaged and in part implemented. In 1993, agriculiural
drainage water wis estimated at about 40 kim?fvear and the re-use of mdustnial and domestic
wastewater was ahout 3 km¥vear. Abour 6 kmi/vear of agriculiural drainage waters or
wastewater are directly re-used for irrigaticn. Some 37 kmd/yvear return 10 malural depressions
or rivers where they are mixed with freshwater and can be re-used for irrigation or other

purpases.

Dam construction and canal regulation have also been undertaken o make the water supply
meal e water demand in a more dmely Gashion.

Although these options have enabled funher ireigation development, the improvements
induced have nor been susiainable,

Wearer demand management

The governments of the fve Central Asian republics have thus decided to focus on demand
management, which is now a key element of the national and regional water strategies, The
countries have started implementing programmes which all aim to reduce the water
withdrawal per hectare, but which have the primary objective of satisfying crop water
TeUIreIments.

From a techmical point of view, all the measures aim o increase the global werigation
efficiency: througl canal refabilitaton and/or linmg, which leads 1o a reduction of the losses;
and through canal regulation for beaer irrigation scheduling. However, in view of the very
limired funds available, these measures will be implemented geadually, relyving mostly on
internaticnal assistance and funding.

From an economic point of view, several couniries bave introduced warer fees and fnes Tor
the use of water in excess of the allocation per farm. Moreowver, with the move towards a
market-oricnted economy, farmers’ responsibility has increased. For example, the decision on
the crops o be grown on irrigation schemes, which has direct consequences on the water
requirements, is the frmees’ responsibiliy. In Kazakhstan, rice, a large waler consuming
crop, has been replaced by other cereals. In Turkmenisian and Uzbekistan, the arez grown
with cotton, also a large water consuming crop, has decreased while the area grown with
grain has increased substantially. Although thess measures may lead to a reduction of the
water withdrawal, they moke planning and monitoring water distribution more difficult.

Future prospects

Much progress has already been made since 1990, The otal water withdrawal in the basin has
now stabilized ar abowr DEO-120 Emdfvear (Figure 1), However, further improvement 1s
needed 1o meet the increasing demand from new water users. The lving standards of the
population near the sea are also a mujor coneern, with most socio-economic indicators (life
expectancy, health, drinking water supply, erc.) being dramatically negative, The responsible
puthorties are expected o take the necessary measures,

It Tas been estimared that at least 73 km¥year of water would have to be discharged 1o the

Aral Sea for a period of at least 200 years in order to recover the 1960 level of 53 m above sea
level. The governments of the riparian countries do not consider this o realistic objective,
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Orher more feasible options for the future of the Aral Sea have been envisaged by differant
parries:

- The suabilization of the Aral Sea ac jis 1990 level (38 m above sea level) would require a
fotal inflow of abous 33 km®vear, including the demand for the delia area, However, this
would nos end the envirenmental degradation and desertification in the exposed seabed,

- The restoration of the Small Sea, or Northern Sea, to the level of 38-40 m above sea level
would require an inflow of at least 6-8 km* in that part of the Aral Sea for the next five
YEATE.

= The restoration of wetlands in the Amu Darva delia and the conservation of the Western Sea
would require an inflow of [1-23 km®fvear, with ar least 3-11 kim® of freshwater. Since
L9259, 3 project has been implemented in Uzbekistan which aims w bring more water o the
delta through the eollecior-drainage network, This water, combined with freshwater, is used
o replenish shallow Iakes. It has allowed the re-development of flora and wildlife in the
abandoned areas and stopped the eolian erosicn of the former exposed seabed. Another
result of this project has been a higher fish ciapiure, estimated at 3 U e/year e 1993,
compared with 2 (00 vyear in [YEE,

Because the water resources of the basin are more or less stable, or even slightly decreasing
due 1o the climatic change induced by the Aral Sea drying up, all extra water flowing o the
Aral Sea should be saved from upstream existing uses. Major efforts should be made to:
reduce losses in the rivers and canals, nodably through Iining and automatization of the
distribution; stop irrigation expansion; o generilize micro-irrigation and other water saving
fechniques on existing irrigated areas; redirect drainage water and other spilled reservoir and
canal water directly to the sea; return the non-consumed fraction of the water diverted into
irrigation schemes to the Aral Sea. According to the World Bank, the introduction of a water
market could help save more water.

Woater quality problems increase from upsiream o downstream dug o the inereasing salinity
and pesticide confent of agriculureal remrn fAow and the poor siate of wastewater reatment
plants in the basin, The defining of waler guality standards and their observance may
significantly affect the quantity of water considered as available for use, The introduction of a
poliuter pays ax would then be possible,

If they were sure that the water would actually go w the Aral Sea, the upstream countries
would be ready o release moerg water., One impoctant measuce for the fulure would be w
consider the Acal Sea and the vwo delias as o sixth entiy, i additon w the five Centeal Asian
republics, o which a water allocation should be given. In the round of discussions between
the countries, o figore of 20 km¥year in nocmal humid vears has been advanced for this
environmental water demand. reduced 1o 12 km?fyvear in the one dry vear owr of wen,

All these options and solutions have been studied for the reglonal wiler siralegy exercise,
which is the result of a cooperation of the riparian countries, This bas been made possible by
the settng up of an institdtional framework w address the Aral Sea problem theough selecred
nitional mecro-economic and sectoral pelicies for achieving sustainable land, water and other
matural resources development, This instioutional framewerk currently  includes only the
couniries of the FEU. However, Afghanisian, which covers about 12% of the Aral Sea basin,
will probably become a greater water user as its stability increases, so reducing the flow of
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the Amu Darya wributacies accordingly. A a larer stage, Afghanistan should be inchaded in the
agreements regarding the Aral 5ea basin in order o guaraniee susiainable water resources
managenient in the basin,
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Armenia

GLEOGHAPHY AND POPULATION

With a toal area of 29 800 km®, Armenia is the smallest countey of the FSUL It is a
landlocked country, located south of the Cavcasus mountains, I is bordered in the north by
Creorgia, in the cast by Azerbaijan, in the south by Iran and in the west by Turkey. A part of
Azerbatjan 15 located o the southwest of Armenia and bordered by Turkey, Armenta and
Team, Uncl 1995, the country was divided invo 37 disiricts, [ is now divided into ten marezes

(provinces) plus the Yerevan
municipality, which is the oo

\ Palry. , Basic stotistics and population
capital of Armenia.

Physical aress:

Area of e couniry 1984 2980 030 ha
'r]:": avc-mgc :Il.tliudl: gr thi Caillivakile anea 1985 13971 4040 ha
. : , Callivatid Ay 19895 408 147 i
country 15 1800 m above . annual crops 1008 348 413 ha
sen level,  ranging  from . IROMENRNT CROpS 1895 61 734 ha
0w 4090 m  (Mount ﬁnnuhﬂm: - \ om0 |

Faarary tha % of otal papulatian 1 inFiake.

Aragany, More I_ n % Popuition denity 1956 122 inhls,
the country  lies  albove Foral populatian 15996 31 9%

1000 m and T2 above Eooromically notres populaton

. enflaged in agniculture 1996 15 %

1 510m. The landform in of which: - men . W%

the cenire and north of the = Y ay,
country  comprises  rocky Water supply coverage;

1 E Lhban population 198 13 %

higlh MICUNELEN Fages Aural pepuiation Jama an o

separating  nmarrow  fenile
valleys, Towards the south
are the broad, flat and fertile Ararat vallevs along the left bank of the Araks River forming
the horder with Turkey. To the west and north of Moumt Aragat and around Lake Sevan in
the east, ihe landform is generally rolling with rocky oucrops. In the southeast, a few small
irregular-shaped valleys are survounded by high mouniain ranges,

Arriculure s greatly mluenced by the wpography, most of e cultivated Tand lying within
an altitode range of 8002 500 m, The cultivable area is estimared a0 almost 1.4 million ha,
which s 47% of the total area of the country, In 1995, the coltivaicd aren was esumated at
408 147 ha, of which 346 413 ha were occupied by annual crops and 61 734 ha by permanent
LIPS,

Official figures on the progress of privatization indicate that by the end of 1993 about 87% of
the land so carmarked had already been privatized. Individual privace Goms have become the
dominant Torm of farming, Al the end of 1994, there were nearly 300 000 private farms with
holdings averaging less than 2 ha,

The wal populstion s abour 3,64 million (1996}, of which 31% is rural. The average

population density is 122 inhabitants/km®. In 1994, agriculiure emploved 15% of the
eronomipsdly active population and is contribugion w GDP was 41 %,

Materiale protetio da copyright



G2 Armenia

ARMENIA

I.-!' T B e
T ——
Kikwmatrry

Materiale protetio da copyright




frrigarion i ifee former Sovier Uatos cowriries io fiynres 63

TABLE 2
Water: sources and use
Ranawalls watar resdurces;
Anerags precipitotion GBI mmiyr
1567 km'iyr
Witgmal renawalla wator resoiicas 9.071 I.rrl-:ll"p'r
Total laciual rerewable waier resources RS 10525 i..rn.a':".':
Depengdancy rati 1957 133 %
Tols [aciual remssable water resources per inhabitant 19586 2 ERa rn:".l'.rr
Totad dam capacity 1603 1168 16% m*
Waiter withdraweal:
« agricultural 1554 1 340 10% myr
- et 1554 885 10" miyr
- industrisl 1904 120 105 miyr
Total water withdrowsal zaxe 0% miyr
e ialsitang 1554 835 iy
a5 % of total (ecluall rerswable waler resuroes 278 W%
Other water withdrawal 1004 200 105 miyr
Wastewaber - Mom-conventional sources of water:
WasLEWaTEr
- prochced wastowater 1954 a7 10% miyr
- prestad wasiewater 1804 415 10% m*iyr
- re-used toated Wasiewater 155 o1 1a® ml.'l.lr
Agrizulars! dinviags walar - 10% iy
Desalnated water - 10 m:.'l.lr

CLIMATE AND WATER RESOURCES
Climate

Depending on altitude, Armenia enjoys a variety of climatic conditions, The Ararat valley 15
characterized by hot dry summers and cold dry winters, with a total anmual precipitation of
200-300 mm. Precipitation increases towards the mountains, up to 1 00 mm on Mount
Aragat. It is highest from April e June and lowest from December o February, The average
precipitation for the country 15 estimated at 526 mm/year.

River basins and water resources

Armeniz lies wholly within the Kir (Kura) River basin. The basins of the tributaries flowing
directly w the Kir River cover less than 25% of the coumtry in the northeast. Here the
oulflow o Georgia through e Deber River 15 estomated an abour 00890 Iun}!}-ear and the
outflow w Azerbaijan ar abour 0,553 Iun’!y&nr. The Araks River, which forms the border
herween Turkey and Armenia and furcher downsiream between Iran and Armenia, flows into
Agerbaijan where it joins the Kir River about 150 km before its mouth at the Caspian Sea.
The tetal outflow o Azerbaijan through the tributaries of the Araks Biver (Arpa, Vorotan,
Yokhchi} s estmated ot abour 1,791 ]-un]':'}'enr-

The RSWR originating inside the country are estimated at 6.271 km’/vear and the internal
renewahle groundwater resources at 4. 200 hm'.:'.fj.'w. The overlap between surface water and
groundwater ts estimated at 1.400 km’/year. This results in 2.071 km' of 1ol annual IRWE.
The border flow of the Araks River berween Twrkey and Armenia is estimared
1.929 km'/year; that of the Akhuryan River, also between Turkey and Armenia, at
0286 ]-unaf:.rear. Half of these flows, or 1,458 Ir.m:'.":ﬂ:ar. is accounted for in Armenia’s water
balance. The total ARWR are thus estimated at 10,529 km'/year, of which 7.729 km” surface
water, 4,200 km’ groundwater and 1,400 km owerlap.

Materiale protetto da copyright



Gl Armeria

TABLE 3
Irrigation and drainage

Irigation polen el 1953 53 6E1 hin

Ireigniog;

1. Full or partial cantral irigation: equippsd aren 1950 185 B4 I

- B i Erigatan 1955 287 Bdd hin

- prirdler innigation 1556 27 LoD i

+ ITMCra-angaticn 15955 JOE §1]

0 ol arpd wigited Tram groumndveaton 1554 121 %

%5 af area irngaled from surface wober 190 BFRa %

% al area irngaed fram ran-candennonal sources 185 D3 %%

S ol acpaipgss] sraa pelually irigatad FREE ] G0.4 %

3. Equipped veellard sl milsnd valley battoms div b . hia

3. Spaie arigation . b

Tervadl srdgotenn |1+ 2+ 3} 15455 285 E45 1]

- ag % of cullivatoed aren OO %
- ingcrease aver last 10 yeors 198545 mirms 3.9 %%
- e Fiagpted Bas ae W ol Fragalsld e 1835 45,0 %

Full e pnrtind canmtral imigaticn schaimag)

Lesgs-scalp schwimss . [F%]

Medrimesoale schomaes . Iz

Srall-acale schanss - lus

Total nmber af hausehakds in Fngation .

bngated Crops:

Tots wigared gren peodduction 1395 135 Q0 3

as % af 1ptal grEn production 189495 62 )

Horvested crops undar irigation 19495 172 578 |

- peEwEREanl Grapa; toral 1395 55 GO0 [15]
= annual crops: fotal 19486 117 6578 e
. petanoRs and fodder 19495 32 &00 haa
. wahaak 1845 31 0d0 Ia
- barkey 18495 2B 000 ha
N THRTH 1995 21040 haa
. other annual crops 189495 4478 ha

Drairage - Envirormant:

Diradrmed anga T334 B0 400 hax
- draied dred in Tull e partial contial figated saas - It
= drained aren in equipped wetlend and ivh. = ha
- e droined brep - ha

- aea with submurface drains 1994 11 820 ha
+ anea with surface drairs 1994 48 780 ha

Duaires] o ie T ol cultivacad anea 14 E %

Power dramed ares a5 % of 1odal drsired ares 1994 4.6 W

Mrza salinized by irigation 1994 3% 700 ha

Papulnicn aliaciod by waber-bormas distoses = wiahicaras

Lakes and dams
Lorke Bevan

The largest lake in Armenia is Lake Sevan, located in the east of the couniry, [t lies at
1 925 m above sea level, which makes it a strategic source of energy and irrigation water.
The level of the lake, originally with a surface area of about 1 414 km' and 58 k' of stored
water, has fallen since the F93s dee 1w the luke's mereasing wse for irrigation, hviropower
and domestic water suppi}r.kglg 1972, its level had fallen by almost 19 m and its surface area
had heen reduced w1 250 . Emnce 1972, unforeseen changes in the lake’s ecology (loss of
fish population), water quality (entrance of sewage) and microclimate (freezing of the lake in
winter) have occurred. The government attemvpred o raise the water level of the lake again
through reduced water take-off (for example, no water use for hydropower production during
winter since 1978); the construction of pumping stations; and infgr-basin water ransfer: from
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the Arpa and Vorotan rivers, through the Arpa-Sevan link (constructed) and the Vorotan-Arpa
hnk {under construction}, and from the Debet River, theougeh the Debet-Sevan hink (planned).
The measures met with ial success amd the lake rose abour 1 m berween 1978 and 1990,
However, demands on the water increased more rapidly ac the beginning of the 19905, when
electricity was agamn generaled during the winter. This resulted in e 1 m gained being lost
again. Work has begun on the construction of more pumping stations and balancing reservoirs
tr raise the level of the lake. Especially because of the present epergy shortages in the
couniry, the constrmection of Balancing reservoirs is both imporant and urgent, as vear-round
hydropower production from Lake Sevan is mining its water at an alarming rate without the
possibility of winter water being stored for irrigation in the summer. 17 stored, some of this
water would then allow sumumer releases from Lake Sevan o be reduced by some amoun
depending upen eleciricity requirements in the summer.

Dy

In 1993, the :ma] capacity of reservoirs was estimated at 1 155 million m', of wh:u:h
1 108 million m® was stored in reservoirs behind dams with a capacity of over 3 million m'
each, Most water is used for irrigation. About 145 million m s used for runicipal and
indusirial purposes. The largest TESErYOIT IS On

the Akhuryan River, which forms the border :,E::E#lllmmw

with Turkey. It has a storage capacity of Tows: 3 975 milion min, 1995

525 million m’, is shared with Turkev, amd
provides water Tor the icrigation of abour
0000 ha in Armenia. New dams, under
construction  or  idemtified, could store an
additional almost 1 000 million m of water,

Water withdrawal and wastewater

In 1994, the total water withdrawal for
agricultural, domesuc and industrial parposes
was 2025 million m’, of which 66% for
irrigation purpoeses (Figure 1), Since the mid-
[ 9805, there has been a decrease in the total
water withdrawal, mainly due w a decrease in agriculural and industrial water withdrawal
{Figure 2). Arcund 200 million m® of water was estimated 1o be necessary for fisheries,
recreation and power generation,

The total quantity of produced wastewater in 1994 amounted to 817 million m°, of which
415 million m” was treated and only 0.1 million m' re-used.

IRRIGATION AND DRAINAGE DEVELOPMENT
Irrigation developmient

Irrigation in Armenia started abour 3 O00 years ago. Clay pipes were used o transport water
to orchards and fields and some are #ill imact. In the fourth century AT, the tocal irrigated
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area was estimated at abour 100 000 ha, in
1920 it had dropped o 61 000 ha, and in 1988
the area equipped was almost 316 000 ha. At
present, the area eguipped for full or partial
comtrol  armigation 15 estimated  at  almost
286 000 ha (Figure 3}, The reasen for the
decrease in recent yvears has been, on the one
hand, the earthquake of 1988 that desiroved
part of the arca, and on the other, the difficult
eoonomic situation due o the transition period,
that has made it difficult to keep or maintain
the  irrigation  infrastructure.  The major
ierigation schemes are located on the lefl bank
of the Araks River.

On over %% of the area equipped for

irrigation, surface irrigation is practised. This surface irrigation can be divided imro four
categories: furrow irrigation; borderstrip irrigation; flooding; and irrigation using hydrants
and flexible hose systems (Figure 4). Flooding is used where soil depth does not permit
grading of either furrows or borderstrips, The water is Iet out over the land by cutting an
irrigation head canal at intervals. In the case of irrigation using hydrants, the hydranis are
generally spaced in a 50 x 50 m grid and discharge water onto the ground, from where it is
distributed by any of the surface irrigation metheds. Convevance of water to the hydrane is by
buried steel pipes, but may be by open canals further upstream. Sprinkler irrigation and
micro-irrigation are practised on the remaining 10% of the area equipped for full or partial
conteol irrigation.

On 12% of the equipped area, groundwater is used for irrigation. The remaining part is
irrigated from surface water through reservoirs, river diversion or pumping in rivers

{(Figure 5).
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The irmigaticn potential has been estimated an 653 631 ha. Figure & shows the irrigation
potential by province, e area equipped for iccigation, and the irrigated cropped area. In
1995, 44% of the irrigation potential had already been equipped for irrigation in the country,
while a licle over 80% of the area equipped for irrigation was actually cropped, In 1994, the
area salinized by irrigation was estimated at 33 T00 ha.

In 1995, almost one-third of the irrigated area was occupied by permanent crops, mainly

grapes. Cereals, mainly wheat and barley, covered a liule over cne-third of the irrigared area
{Figure 7).

Drainage development

The total drained area increased from 6 900 ha i 1975 w 80 400 ha in 1994, with a major
increase from 1982 onwards (Figure B). Most of the drainage is surface drainage.
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FIGURE T
Irrigated crops
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INSTITUTIONAL ENVIRONMENT
The most impodant institutens involved in water resources development and management

are:

* The Ministry of Food and Agriculture with:
= The Deparoment of Water Economy and [mprovement, including the "Hayjirintes” State
Enterprise, which is in charge of the maintenance of irrigation schemes:
, The Central Water Board, which & in charge of all maners relating v the utilization of
the water resources, including water gqualiy;

. The Research Centre of Water Problems and Hydrology, which is involved in the
complex utilization of water resources, their allocation, as well as in studies concerning
hydro-engineering;

. The ‘Jrambar’ State Emerprise, which is in charge of the maintenance of irrigation
dams;
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= The *Hayjirnackhagits’ Institute. which 5 in charge of designing irmigation schemes and of
sidying the funre prospects for water utilization;

¢ The Ministry of Environment and Groundwater:

= The Department of Geology and Geological Engineering, which is in charge of exploring
the groundwater resources;

= The Department of Warer Resources Utilization, which is in charge of the effective
urilizatinmn of waner resources and thelr conservarion:

#  The Ministry of Urban Develepment:

« The ‘Hayjirmughkojughi® State Enterprise, which is responsible for the maintenance of the
domestic water supply netwoerk in o the countey, except in Yerevan city, where it s the
responsibility of Yerevan®s *Hayjirmughkojughi™ Deparimen,

The Adminisiration of Hydremeeorology iz iovolved in the swdy of the water bodies (rivers,
lakes, ponds, etc.).

THRENDS IN WATER RESOURCES MANAGEMENT

Much of Armenia’s agriculture is based on reeigation. At present, 70% of the cultivaled area
i equipped for irrigaton. However, the imigation systems are in a deterorating condition,
which may lead o extreme enviconmental donoge. Almost 7% of the equipped area needs
rehabifitation. In addition, the management of irrigaton sysiems requires adjusiments o meel
the needs of the recently privatized farms, According o a World Bank couwnrry snedy, the
rehabifitation of critical water infrastructure Bicilities and  the  adjustment of  irrigation
management praciices should receive very high priority.

The overall water use efficiency, from water source o crop, 15 estimaled e be less (han 35%
For gravity systems, Pofendially, witl large savings along the existing irnigation systems and
the development of new, non-utilized water resources, much more land could be irrigated.
The World Bank has proposed several messures w inerease the efficiency of the irrization
system: the setting up of pilor projects o est aliernative delivery unit sizes; water meters and
field distribution systems; and the organization of WUAs o be responsible for operating and
maintuining  facilioes associated with theirr members” farms. Al mstiiooons  related 1o
irrigation wse showld then ke divecred w improving their services 1o the water users,

From an envicommental perspective, e restoration of Lake Sevan's ecosystem s very
imporiant and showld take priority.

BMAIN SOURCES OF INFORMATION
Depariment of Sulistics of the Bepublic of Arenia, P95, Sumoscized das,

FAD, 1993, Irrigason subsector peview and project idensilication report, FAQ Investment Centred
World Bank: cooperative programme. Repont Mo 7991 CP - ARM 2. 6bp. + 3 annexes.

Hayijirnzckhagits [nstiee. 1993, The program of wilizaion of water resources within the Republic of
Armenia, Minmistry of Food aml Apricelre,
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Ministry of Foed and Agriculure of the Republic of Armenia. The annual reports of *Hayjirthye” 1973,
LHE0, 1985, |9, 1994, 195,

World Bank, 1995, Armeniad the challenpe of reform in the agriculiueal sector. A Warld Bank country
smidy. Washington, DLC. 198 p.
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Azerbaijan

GEDGHRAPHY AND POPULATION

Azerbaijan, located on the sowiheasiern slopes of the Caucasus mountains, has a todal area of
86 600 k™. It is bordered in the east by the Caspian Sea. in the sowh by Iran, in the
southwest by Turkey, in the west by Armenia, in the northwest by Georgia and in the north
by the Russian Federation. The MNakhchivan Awonomous Republic of Azerbanan in the
sputhwest is separated from the rest of the countey by Armenis,

About 43% of the area of Azerbaljan is siteated above 1000 m abowve sea level, Five main

physiographic regions can be distinguished:

- The Greater Caucasus mountain range in the north, extending from the Black Sea in the
west 1o the Caspian Sea in the east over the northern part of Georgia and Azerbanan and the
southern part of the Fussian Federation:

- The Lesser Caucasus mountain range, south of the Greater Caucasus mountain range.
covering the south of Georgia and Azerbaijan and the north of Armenia;

- The lowlands around the Kura and Araks rivers.

- The Talish mountains with the adjoining Lankaran lowland in the southeast along the border
with Lramn;

- The Makbchivan Autonomous Bepublic inthe southwest.

The cultivable area 8 Teaos g
exfimiated an abour 432 Basic sfatistios and population

million ha, which is 50% Physical areas:
of the toal area of the 2’;‘?&3;‘;;‘”""’ }g:; ﬁgfgﬁg ::
coumtry,  Almost  all  the CuHivated area 1993 1 804 383 ha
land is shared between the - annisl Hops }:gg 1 g;:: }gg :r-
n t
sovkhor (state farms) and e— JrTmAneT e .
- mnc

the  kolkhoz  (gollective Tatal population 19885 7 B84 000 inhab,
f[III'I'IE.':I. in |'?E|'.:|, the Populatian dersity 1995 88 inhab.km®

H Rairal popilarin 1996 EE
v .
::l_l'rl_ ated area was |80 Econommically Betive popustion -
million ha, or 42% of the engaqed in agiculiure 19815 T
cultivable arca, of which al wihich: - min 1335 e G
[ 54 million ha - WALITIER 19895 38 %
o X ) Wister supply cousrage:
annual - cropsand 026 e popuiasion 1998 72 %
million ha  permanen: Rural popiulation 1956 8 %

craps.

The total population is 7.6 million (1996), of which 44% is rural. The average population
density is B3 inhabitants/km® . In 1996, apriculiure emploved 30% of the economically active
population. Women make up abowt 36% of the rural labour force. The rural female labour
force accounts for 48.5% of the roral female labour force, The share of agriculure in GDP
dropped from 39% in 1990 w 315 in 1993, due 1o the prevailing sitwation in the rural arcas.
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TABLE 2
Water: spurces and use
Aerewahle water resources:
Ayarage precipitalan hal [T E T
46.9  km i
Imarnal parpweablo watar resIrcas B 115 ken*ier
Total jactual} renewable waler resources. 1957 30,275 krn’f'rl
Deprradency ratka 1853 T %
Tofal {nctuall renew able waler risouwrces par mkabetan 1956 3987 m"J-.-r
Total dam capagity 1851 21 450 105 m*
Water withdrawial:
- agricultural 180 11 630,73 10° m:".'l.-'r
- deemeanic 1985 Trean 10" mtr
- indusirial 1095 412400 10°% iy
Total weatar wirthorawal 16 63303 10° m:.'l.lr
per inhakitand 1595 7195 ey
a5 % ol comal dacrul| renewale Wacer resounoes Bd.f e
Other water withdravesl 1955 57000 10" m'ir
‘Wastzwater - Mon-conventional sources of water:
W nstewater:
- provucnd wastE At 1986 5708 10° miner
- treated wasbewvater 1906 1227 0"ty
- ne-ismed treated wasiowaer . 10° m*iyr
Agriculorst draimms vl - 1o0* m".'-,-r
Cremshirotesd water - 10° |l'|:'.".lr

'CI.FM.-'hTE AND WATER RESOURCES
Climate

The ¢limate in Azcrbaijan is continental. Arid weather with average summer temperatures
above 22°C is observed in the lowlands. In the mountain regions, temperatures can be below
{*C i winter and in Nakhchivan severe frost may occur, Humid tropical weather 15 observed
in the coastal zone near the Caspian Sea, mainly in the Lankaran lowlands in the southeast.
The average precipiation 1s estimated al 530 momdyvear.

River basing and surface wiler resources
Four major river basins can be distinguished, two of which are infernational :

- The basin of the Kura and Araks rivers. It 05 by lar the largest basin m the country. The
Rira Biver nizes n the Kars upland in mortheast Turkey. It then fows into Georgia and
crosses the border 1o Azerbaijan in the norithwest, The total length of the Kura River sysiem
is 1 315 km, of which %00 km is located within Azerbaijan. The wtal annual inflow from
Georgia is estimated at 11.910 k', The Araks River also rises in the northeast of Turkey.,
After forming the border between Turkey and Armenia, Turkey and Azerbaijan, Iran and
Azerbaijan, Iran and Armenia, and Iran and Azerbaijan again, it flows ine Azerbaijan in
the east of the country. About 100 km downstream of the border it flows imto the Kura
River, which comtinues o Mow southeast towards the Caspian Sea. The toral annual nflow
of the main Araks River is estimated ar 6,724 kin”. The 1otal annual inflow of the wwibutaries
of the Kura and Araks rivers coming from Armenia is estimared ar 2,340 km’. The ol
inflow o Azerbaijan is thus estimated a2 20,980 Ii:m'-'.l'j-'cur.
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TABLE 3
Imigation and drainage
Irngation potential 1996 1 720000 ha
Irrigearticn:
1. Fidl ar paezinl congral irmigation: cowpped area 1955 1 453 318 ridi
- sl acs iirigation 1995 1 331 700 LiT]
« spuinidesr imgation 1996 149 000 ha
- IHCTO-F TR AL 1995 2616 ha
% of area rhgatsd from grourcdysester 1996 6.7 W
% of aren engitsd from suace water 195% 833 %
% of area irmgatsd frem non-cenverdional sources 1995 00 %%
U ol aidgped] araa aotually Eragarpd - %
2. Equippssd wedlard snd inland walley bottoms Gy bl - ha
3. Spate erkgatian : hia
Total irngatian {14+ 2+ 3h 1995 1453 318 1]
« a5 % of culitvated area 1988 Bos5 %
- incraasas over last 10 vaors 15E5-95 1445 %%
« powwer Frigoted areo 2s % oof imgeied area 1996 x5 )
Full or partial control irigation schemes: Critera
Larga-acaln schamig = 20 300 ha 1995 1 183 3045 hia
Mediume-scale schemas 19895 192 B8 hn
Small-scale schamas = 10 330 ha 159985 17418 hia
Total number af househaolds. i irigation -
Irrigated crops:
Toaal rfgated graen pogdissnicn = 1
a5 % af todad grain producticn - %%
Harsestesd crops wdar inigation * 1985 TE62 B44  ha
- permanent crops: jolal 1995 118 116 [37]
- annuBl erops; total 19598 G44 Y28 ha
. wwheat 1996 298 128 b
. Bollon 1956 210 4486 ha
. barlay 1995 110 715 hi
. athisr cereals 1908 10 148 hn
. 0ther annuapl aps. 1594585 17282 ha
Cvairemge - Environmsent:
Dyaingd araa 1G5 B9 370 ha
= drained area in ful or partisl contrel irigalsd arpas 1895 585 930 i
- drainad area in ecquipped waetland ard iv.b. VL . hia
- pther drained area 1866 - a
- prgn with subsertace drans 1586 269 570 bz
- prag with surdacs drains 1955 330 A0 ha
Orained area a5 % of cuHivated area a3 k)
Powes drainad aren g % ol tatal drainad area 1955 28 b
firea salnized by irigation 1585 184 OO0 i
Population allecied by water-bome disesses - inhiabrtanis

¥ floss nar sokade the sveas docered o e occupked fone and the zone seclared newiral &y May 19584

= The Samur River basin, It is located in the nertheast of the country, The Samur River rises
in the Russian Federation and then forms the border berween the Russian Federation and
Azerbaijan with an annual discharge estimated at 2.36 k', half of which is considered 1o be
availuble Tor Azerbaijan. Before flowing into the Caspian Sea, the river divides into several
branches.

- The coastal niver basins in the northeast between the Samur and Kura river hasins,

- The coastal river basins in the Lankaran region in the southeast, south of the Kura River
hasin.

The internally penerated surface water resources are estimated at 5.955 kmjfi--:ar. The total
REWE, including incoming and bordering flows, are estimated at 28.115 km'/vear. For the
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Kura and Araks rivers, which are shared between Turkey, Georgia, Armenia, [rap and
Azerbaijan, discussions are underway on water sharing between the countries,

Groundwater resources

The internal renewable groundwater resources are estimated at 6.51 I-r.m:'.":r'l:ur, of which
4.35 E:mJ.I'_'g':nr are comumon 1o surface water. The groundwater resources are famed for their
quality as maneral drinking water and are also wsed for medical purposes. The Nakhchivan
Auvrenomous Republic is especially rich in mineral groundwater. The tofal number of artesian
wells is estimared ar abour T 000 with a total discharge of abour 2.1 million m!':':.rcﬂr.

Lakes and dams

FIGLIRE ¥
Water wilhuds swal

The total reservoir capacity of large dams Tortal: 16,53 ki in 1995
(larger than 100 million m” each) is estimated

at 21,35 km', The four largest reservoirs are Inchasrial
the Minghachevir and Shamkir on the Kura w
River, the Makhchivan on the Araks River,

and the Samsangh on the Tener River. The

total capacity of smaller reservoirs for Y—
irrigation  purposes s estimated
100 million m’.

Water withdrawal and wastewater

In 1993, the todal water withdrawal for

agricultural, domestic and industrial purposes

was 16.53 km', of which over 70% for agriculural uses and almost 23% for indusirial
purposes {Figure 1), On the Apsheron peninsula, where the capital Baku is located, the share
of industrial water withdrawal is 70%. In 1975, the total water withdrawal was 12.14 km®, of
which 77% for agriculiural wses and 19% for indusirial purposes (Figure 2,

The annual production of wastewater is zhout 571 million m’, Most wastewater is produced
by industries like the cotton cleaning, cotton oil production, fish-curing and grape processing
industries. It is estimated that 18% of the produced wastewater is treated. which is about
103 million m:'.l'}':ar or 280 000 mﬁ.’dajr.

IRRIGATION AND DRAINAGE DEVELOPMENT
Irrigation development

Based on soil and water resources, the irrgation potential is estimated at 1.72 million ha. In
the last century, irrigation was concentrated alongside the rivers. At the beginning of this
century, the construction of large irrigation canals stared, In 1913, 582 000 ha were
irrigated. The most intensive development wok place after the Second World War. In 19735,
the area equipped for irrigation was 1,17 million ha, In 1995, it was .45 million ha, which is
84% of the irrigation potential (Figure 3).
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FIGURE 2
Evolution af water withdrawal
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The total length of all irrigation canals is 635 900 km, of which only 2 400 kin, or 3.6%, are
concrete canals (Figure 4). Irrigation efficiency af nafional level is estimated at 35%. The
largest canals are the Upper Garabakh, the Upper Shirvan and the Samur-Apsheron canals, all
carthem., The Upper Gabarakh canal runs southeast from the Min;.achevir reservoir 1o the
Araks River. Its length is abowt 174 km and its capacity 113.5 m™/s. About 85 000 ha are
irrigated from this canal, The Upper Shirvan canal also starts from the Mingachevir reservoir
and runs east to the Akhsu River. lis length is about 126 km and s capacity 78 m'/s. Abour
%1 100 ha are irrigated from this canal.

Almost %% of the irrigation s surface irrigation, mainly furrow and borderstrip irmgation
(Figure 5). Sprinkler irrigation and micro-irrigation are mainly used on perennial plantations
and vinevards. Surface water is used on 93% of the area, mainly from reservoirs and through
direct pumping in rivers and canals (Figure 6). About 9% 700 ha are irrigated by groundwater
through more than 5 000 wells, The power irrigated area is estimated ar 311 000 ha.
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FIZURE 8
Irrignted crops [excluding the areas in the accupied and nesutral zonss)
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FIGLURE 10
Evolution of the drained area
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INSTITUTIONAL ENVIRONMENT

The main institutions involved in water resources management, all state institutions, are:

- The Committee of Land Improvement and Water Economy, in charge of land improvement
activities and the operation and maintenance (O&M) of the infrastructure;

- *Azervodstroy', in charge of the construction of infrastructure;

- *Arselkhozvodosnabzheniye', in charge of agricultural water supply.

- *azkomunpromyvod’ and the Committes of Domestic-Municipal Services, in charge of
domestic water supply and the O&M of the sewage sysiem;
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= The Commires of Ecology and MNatre Use, in charge of the monitcring of salinzion and
water resolrces pollution,

I July 1996, a land reform law was adopred by the National Assembly (Milli Majlis), This
law esiablishes privaie properly rights fo land, The land is o be wansferred 1w all rural
inhabitants free of charge. It can then be sold freely, exchanged, ransferved by right of
succession, leased or wsed as morgage.

A land improvement and irrigation law has alse been adopied. This law establishes the legal
basis of activities on land improvement and irrigation under the new landownership copditions
and provides for the transition to paid water use,

TRENDS IN WATER RESOURCES MANAGEMENT

The rehabilication of irrigation and drainage systems o ensure the sustainability of the
irrigation subsgcior is a prierity for the near futre, Major policy changes in landownership
amdd irrigation management are expected o play an important role in improving irrigation
performance,

Ercsion control is seen as another major issue. According o the datn of the Ecological
Committee, almast 43% of the coumtry 15 subject w0 erosion. Effective mensures 10 combat
water erosion are the creation of a field protecting wood belt, as well as wood belts along the
banks of large rivers, canals and reservoirs.

Intermtional 1ssues of critcal importance are the sharing and joint management of the Kura
and Araks rivers and of the Caspian Sea to prevent further pollution and ensure sustainable
development of their resources,

MAIN SOURCES OF INFORMATION

Adivew, RO, 1991, Hydraulic and laowl bnproveanent constructams in comlitions of pre-mountain
platis, GG, Morozovickaya,

Aliyew, AL, Mirzakhanov, A, Mamedov, 5., Mamedoy, AL 1986, Drafl of the scheme of development
angl pecommadation of land inprovement and water economy of the Arerbaijan Bepublic up 1o 2005,

Badalowva, 5., Samedov, W, Safarov, H., Muradova, K, 199 Land suevey of e Azerbaijan
Repueblic.

Listengarten, ¥.A, 1987, Groundwater resources information, T, Kestin,

Momedov, B.G. and Thadende, Y. A, 198, Woler ccopomy of Arerbaijn amd development prospecis,
Sh, Raszeambe.

Ministry of Waer Economy . 1985, Technical certification of the irrigated and water manoped svsiems,

Materiale protetto da copyright



frrigarion in the former Sonvier Union couniries in fgures 81

Belarus

GEOGRAPHY AND POPULATION

Belarus is a landlocked country in eastern Europe with a total area of 207 600 km™. It is
borderad in the noctheast and east by the Bussian Fedecation, i the southeast and south by
Ukraine, in the southwest by Poland and in the nonbiwest by Lithvanie and Lawvia, It declared
its independence from the Sovietr Union in Auvgust 1991, For administrative purposes, the
couniry is divided into six provinces {ofdasis),

Belarus is part of the east European lowland, covered with voung glacial formations, mainly
gravel and sand, From the sowihwest o the northeast the moraine Belarus rampart, where
several larger rivers rise, crosses the country. In the souwth is the vast, marshy land of
Polesye. The peak oof the highest bill 15 at 345 m above sea level.

The cultivable area. which  TasE
according [ Belarus  Basic statistics and population

stalisies corresponds w the :'rrliﬂf ::H-' rame o en oo
. Enare Loy ]
land belonging to all pes | oo wes 1993 11910030 he
el agriculral farms (stare, Cultivated area 1993 £ 074 183 ha
I Eral.lll'ﬂ i-l',law iEi - gl ereps 1993 b aTR O30 ha
I:I{':“I'FI <P ':I:' . = pEMMaNEt Creps 1953 98 140 ha
estimated  at 109 millicn ———
ha, which s 57% of the | o pepulation 1996 10 348 000 inmab,
total area of the countey. In Fopulaton density 1896 53  inhab./km
. Fuial popeilition 1996 8 %
1993, m_e cultivated area Ecoramically active popuation
was  estimated  ar abowt engaged in agriculbure 1986 17 %
1 mmilli . which o whichi - man 1985 62 %
i, 1 million ha, of ie N rao e
about 987 wias occupied v -
ater supply coverage:
by annual crops, Belarus | uman popataton 1953 96 W
was heavily affecied by the fral populalican 1853 G4 %

accident  at  dhe  nuclear

power plant at Chernobyl, which is lecated just over the border in neighbouring Ukraine close
to the Pripyat River. The nuclear accident ovcurred in April 1986 and 70% of the radiation is
estimated to have fallen on Belarus, as prevailing winds carried the heaviest radioactive
releases into Belarus, About 200% of the agriculural land in Belarus s estimated o0 be
comtaminated, msleding almost all the drained area o the southern and southeastern Polesve.,
However, in spite of this contamination, cropping has not been suspended.

Agriculiure is almost exclusively i the hands of the sestfos (stale Tarms) and Saflhes
(eollective farms). On 1 Oetober 1995, there were 3 000 private farms in Belarus, owning a
todad of 62 100 ha of land (Figure 1),

The ol population is almost 10.3 million (1996), of which 28% is rural. The average

population density is 30 inhabitams/km®, rather evenly distributed over the country. Only in
Minsk province, where the capital Minsk is located, does the population density reach
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TABLE 2
Water; sources and use

Aemewshble water resources:
Buarage precipittan leal MY
1453 km'iyr
Iniernal renewable waier resowrces ay.z krn:.l'w
Todal {actusl) ranswrabds wals fEme s 1987 28,0 Hl"ﬂaﬁ"
Deperdoncy ratka 1887 358 %
Total {actusl) rangwalls wines mmaoEcas par inhabinam 1956 &G04 m*-"|l'|'
Total dam capacity 1991 3 040 10° m*
Water withdranwal:
- agricultiral 1950 945 1a° r|11.'l|-'r
- domestic 1950 603 10° mPyr
« indusirial 1990 i17a 105 miyr
Toval wwatar weithdr avseal Z 734 10" rn*.'l,-r
per irthalatar 1952 265 i1 g
as % af toal {actuall renewable water resocurces 4.7 %
Cithar watar withidrasesd 19590 77 1a* m:l'.'l,-r
Wistewater - Mon-conveniional sources of wabes:
WD BT e
» produced wasiewater 1983 a3 10" |r|:.'l.lr
- Toaamex] wastEwalar 1853 ag2 10% m:.'IIIr
= re-uged Ereabsd waslawsaler . 'y m’.'-.-r
Aqriculbural drainage water . 10 rl1]'.".rr
DaeaEnated watar - 10° m*yyr

82 inhabitants'km®,  while in Vitebsk FIGURE 1
province in the northeast, the population Land calagoriang
density 15 lowest at 36 inhabitants/km’. LB 2 LU
The annual population growth decreased
from L.1% mn 1990 to 0.2% m 1993 and
to -0 7% i 1995, In 1990, agriculure
employed 17% of the economically active
populaticn. While women constitute 31%
of the wial labour force, their percentage
in agriculmre is only 38%. This is due 10
the predominance of women in other
professions, such as in education and
health services. About 13% of the total
female labour force and 26°% of the ol
male  labour force 15 engaged  in
periculiure, In 19%,  agricullure
accoumted for almest 22% of GDP.

CLIMATE AND WATER RESOURCES
Climate

The west of the country is characterized by the transitional climate between maritime and
comtinental, the climate in the ceniral and eastern paris 5 continental. The average annual
midday temperature is 6°C, varying from -7°C in Janvary to 18%C in July. The average
annual precipitation is 700 mm, ranging from 550 mm in the southeast o 8OO0 mun on the
highest areas in the centre of the country. About 70% of the precipitation falls during the
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TABLE 2
Irrigation and drainages
Imigation potential b
Irigation:
1, Full o parma comrl Flgaicn: aouppen anaa 1993 131033  ha
- surface imigsticn - ha
« sprinkler erigatian 1893 131 SO0 hia
- migre-brigagian . ha
% of ares irigofed Froen grourddwaler U
4% nd amea irigated from surface waler e
% oof mea wrigaied oo fof-conyarlicod] Bources Y
% 0f equipned anea aciualy ergaced - k)
2. Egugped wetland ard inlard valey bottcms (v} - ha
A, Spata nngaton . (15
Taotal irigation {1+ 2+ 3 1953 1371 30a ha
- a8 W of cultivared anes 22 %
- mGieatE o lagl 10 yoaare . S
- poswer imgaied area as % of irngated area - )
Full or partial controd Eegation schemes:
Large-gcales schomas + ha
Mladivrm-scehs sehamas - ha
Smal-scale schemes - I
Total ranvtiar ol hoiigahclds i imgation -
Irigated crops:
Tatal irigated grain productan 18980 250 @
B8 % ol tatal grain productan 1950 1 kY
Harvesied crops under irigation 1980 149 300 @
= pEraEnan Sopa: waial 19490 O L] (1]
- armigal crops: todal 1980 71 B30 (]
. Dl eropn 1990 38 B0 hia
. cereals and pulsss 1990 21 603 [ET]
. waatahlas 19590 7 Rog hia
. pataioes 1990 Z2mM2 [FT]
. othar annual crops 1990 ik ] hia
Drainage - Enuirgimam
Orained area 1993 3 007 GG b
- dramad area im full or paral contral erigated aeas - [55]
- dramed arss inaguppaed wenkand snd ivb, ha
« ather deaired aes - Iua
- s with suebisurace drains 1980 2 180 800 I
- area wilh surface drsins 1990 TOG 13D ha
[rainad area as % of cultivated area 43 T
Forewnr chigimpd dneh 43 % af 11l draned aea -
Arpa salirized by irigation hia
Fomulatian affecied by water-horre diseases inhAlstengs

sumumer months. The east of the country is covered with snow for up o 120 days per year.

the west for fewer than 80 days.

Due w the climatic conditions, there is a need for drainage rather than irrigation in the
country, except in areas where the groundwater level has fallen o much due o excessive

drainage.

River hasins and water resources

The country can be divided into four main river basins,

- The Dnepr basin. This basin covers about 81.5% of the country. The Dnepr River rises in
the Russian Fedesation and enters Belarus in the mortheast. Withan the country it flows o
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the south and, after foromme the border with Ukraine over some 100 km, it fows mto
Ukraine and finally the Black Sea. The lorgest tributary of the Doepr within Beluros 15 the
Pripyut, which rises in Ukraine, enters the country mn the south, flows east and leaves the
countey again m the southeast o fow o the Doepr withain Ukeaine.

- The Western Dwvina basin, This basin covers about 10% of the countey. The Western Divina
River rises in the Russian Federation and flows ne Belares in the sorctheast, I dhen fows
o the west and leaves the country in the northwest oo Aow into Latvie, where it is called the
Daugavi, flowing to the Baltic Sea.

= The Meman basin, This basin covers about 6% of the country. lis main source 15 in the
centre of the countey near the capital Minsk, It flows 0 the west and enters Lithuania,
where it is called the Nemunas River, which flows o the Baltic Sea, The Yilija River, also
rising in Belarus w the north of the NMeman River. flows west into Lithunania, where it
becomtes (he Neris Biver that flows into the Memumas River. Some smaller rriburaries rise in
Poland and flow east into Belams inne the Meman River,

- The Western Bug basin, This basin covers about 2.53% of the country in the southwest. The
main Bug River rises in Ukraine, and forms the border, first between Ukraine and Poland
and then berween Belarus and Poland, before entering Poland.

Renewable surface water rasources {BSWE by river basin

Mams ol Aren within Imtermal Irifawy Tatal Dot
river basin Belarws RSVR ASWH
{km' Ik *hvear) | lom ieear irom: lmi fyear} to:
Dirvaapr 169 14 18.% 13.% Iro Ukraire
af which:- Drepr 11.6 1.7 Russian Federation 15.3
- Frippgal 5.5 5.8 Ukrainia 127
Westem Owna 20 760 ) 7.2 |Russion Federation | 14.3 | Latvia
M 12 485 4.3 0.1 Faland 5.4 Lithisania
af which:- Meman 8.8 - 6.8
- Adlluems 2.5 0.1 Poland 2.8
_'l.-'.l'nnmrn Baigy! B T 2.3 - 2.3 Poland
af whicly-Viest, B 0.2 - Eordar wiih Bolant 0.2
- Alllusnis 2.1 - 2.1
Taotal 207 Gl 17.2 2.8 56.0

The total ARSWR are estimated at 58,00 km’/year, of which 37.2 km’fyear are generated
within the country (Figure 2). The renewable groundwater resources are estimated at about
|84 ]-[|113.f].-~f,r_;-|rr which are considered o be drained entirely by the surface water network

foverlapl

Lakes and dams Location of dams

Plampe af Muinbnar
There are shour 10 B00 freshwater lakes with a total area of | ccubibasio of dams
I GO0 km®, or (LE% of the total area of the country, and a wial | Prpvar 4%
capacity of 7.2 k. The largest lake is Lake Naroch, with an area ﬂ;‘:& ‘:g
of 80 km™ and an average depth of ¥ m. There are also about | Western Gvina 17
I 550 small and shallow natural ponds in the country with a total '_'r"'l':l“t-':l""" Bug 143

area of 350 km® and a total capacily of 0.5 k.
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There are 140 dams and tanks each with a
capacity of at least | million m', of which 89
have been built for irrigation purposes. Their
tofal capacity is estimated ar 3.08 km' and
their total surface area abour 880 km®.

The gross theoretical hydropower potential of
Belarus 15 estimated at 7 500 GWhi'vear, a
third of which being economically feasible.
Hydropower installed capacity is only 6 MW,
generating  0.06% of electricity of the
country,

International agreements

Since 1992, some agreements with Poland
have been reached on water quality issues
and navigation on the Western Bug River.
However, mno  agreemenis  exist  with
neighbouring  countries on the sharing of
water of international rivers.

Water withdrawal and wastewater

In 19, the total water withdrawal for
agricultural, domestic and industrial purposes
was 2.7 km', of which 21% for irrigation
{Figure 3). The total water withdrawal in

FIZURE 2

Ivteenal ransvwable surface water resources
by major Fiver basin
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FIGURE 3
Water whihdrawal
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1995 was estimated ar 3.0 km'. In 19493,
993 million m” of wastewater was produced,
of which 882 million m” was treated,

IRRIGATION AND DEAINAGE DEVELOPMENT

Drainage development

The history of drainage in Belarus dates back o the second half of the eighteenth century in
the then Pelish state. On huge private estates, marshes were dreained o wren them ino
meadows, mainly by open camals, In the final quarter of the nineteenth cemury, large-scale
drainage works were carried out in the Polesye region, where about 4 700 km of canals were
built with an average depth of 1.1 m. These works were alse intended w facilitate wood
exploitation and the floating of timber down o Ukraine. Drainage work swopped at the
beginning of the twentieth century but restacted inothe 19205, independentdy in the western
part {Poland) and the eastern part (he Sovier Union). During the Second World War, work
was suspended again and when it restarted after the war it was imtally on a small scale.
Following the *‘Land Draining and Sovkhoz Building Act’ of 1966, large-scale drainage work
started again, Most of the drainage work was concentrated in the Polesve region, where
85 000 ha bad been drained by 1939, and this drained area amounted to 560 000 and
1 400 000 ha in 1966 and 1986 respectively. In the period 1966-1986, mainly subsurface
drainage systems were huilt. Most of this drained land in the Polesye region was contaminated
after the accident at the Chernobyl nuclear power plant.
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As at 1993, about 3 millionmbha had been fFomsa

drained for agricultural purposes. In addition, Dk s b ehifigiies
land 15 drained for non-agricultural purposes, Teral: 2 B D00 ha in 12
such as constrection. On average there are
250 m of drains per hectare of drained land.
Subsurface drains exist on more than 75% of
the drained area, the remaining 25% being
drained by open canals (Figure 4). The tatal
length of the irrigation and drainage network
exceads 800 000 km, which 15 almost nine
times the total length of the natural rivers in
the country. The total area where drainage
mfrastructure could be developed has been
estimuated at 7.9 million ha.

Most of the drained area is used for meadows

and pasture. In 1990, crops were grown on 1 177 200 ha. About 49% of the area was
cultivated with fodder crops, 43% with cereals and pulses and the remaining 8% with
poatoes, industrial crops and vegetables (Figure 5). The vields on drained land are slightly
lower than those on undrained land, This is due to the fact that drained areas consist mainly of
swampy, infertile soils, with a low pH,

FIGURE &

Ain crope grawn an deainad arsag
Tatl: 1 177 200 ha in 15

Irrigation development

[rrigated areas first appeared in the statistics in 1974, All irrigation akes place on land hat
has been excessively drained, In fact, there is mo real need for irrigation, except in areas
where the groundwater has been lowered top much by excessive drainage, For this reason, no
figure on irrigation potential is available, Trrigation water is provided by canals, groundwater
and retention tanks. In total, 39 retention tanks have been constructed for irrigation purposes,
with a total capacity of 0.5 km'. About 77% of the area is reporied o be irigated from these
FESETVONTS,
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In 1993, (he area equipped for irrigation was
equal to 131 000 ha. It was largest in 1980,
with 163 000 ha (Figure 6). The whole area is
reported o be sprinkler irrigated, using
moving sprinkler irrigation systems. With this
type of irrigation, the area equipped for
irrigation may vary from year to year, The
variation  depends  mainly  on whether
precipitation is sufficient or not.

Of the total irrigated area of 149 000 ha in
1980, 774 ha (32%) were covered by
meadows and pasture {Figure 7). Fodder crops
were grown on 38 000 ha, cereal and pulses
on 21 G600 ha, wvepetables and potatoes on
10 500 ba and industrial crops on 700 ha,

FIGURE 7
Irrigated crops
Totak 149 000 ha in 1950
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INSTITUTIONAL EXNVIRONMENT

During the Soviet period, all water investments were the responsibility of the Minisiry of
Water Admuinisteation {Minvodkhoz), Al present, several institutions are involved in water

TESMIFCES Mmanarement:

- The Ministry of Agriculiure is responsible for all issues relating o drainage and irrigation. It
supervises the Belarus Scientific and Research Institwte for Water Manugement and

Meadows Cultivation,

- The Ministry for Natural Resources and Environmental Protection controls water use and

quality.

- The Central Scientific and Research Institute for Complex Utilization of Water Resources is
the only institution that remains from the former Ministry of Water Administration. At
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present, it repons directly o the government, In addition to research work, it also monitors
water use and water quality.

= The Department of Geography at Minsk State Unmiversity carries oul scientific research on
WIS PESOUTCEs.

= The Ministry for Emergency Sitwations and Profection of the Population from the Aftermath
af the Chernoby] Nuclear Power Station Disaster, All investments in water and agriculiural
development in southeast Belarus must obtain the permission of this ministry.

TRENDS IN WATER RESOURCES MANAGEMENT

Cultivation on drained and  irrigated areas is rather extensive. Three periods can be
distinguished m the development of drainage and irrigation in Belarus:

= Slow, relatively steady development of dramagee systemss Troan the middle of the eghizemh
century il 1966, Cultivation on drained land expanded and crop vields were higher than on
undrained land.

- Rapid drainage development from 1966 to 1986, until the Chernoby]l nuclear accident. In
this pertod, the dramed area more than doubled. However, excessive drying up appeared in
soanse deained areas, and water puns, taking water from specially constructed tanks, had w
he used o irrigate these drained lands,

- The Chernobyl nuclear accidemt, combined with the difficult economic sinuation, has
resulted moa deterioration of the drainage and irrgation systems since 1986, and cultivation
oy part of these lands bas been abandoned, However, atanistical data for this period are far
from complete,

The radicactive contamination alter the Chernobyl nuclear accident affected a large part of the
countey, especially the sowthease, In spite of the fact that the extent of the contamination iz
known, it is difficuls o predice the consequences for the local population. Although these
lands should be completely excluded from agricutiural production on health grounds, this is
not the case at present. Due to this contamination, it is hard to sell agriculioral products
abroad. At markets in the Russian Federation, they can only be sold at very low prices.

After a period when the mansition 0 a market-criented agriculre has resulted in the
privaization of areas, measures indicate that re-nationalization and the lquidaion of privane
farms could be envisaged in the near future. The difficult economic siteation in the country
has resulted in a high inflation rate which, combined with the difficulty of selling agricultural
products, compromises imvesiment in agricullure.

MAIN SOURCES OF INFORMATION
Eiscley, Y. M. 1987, Byelorussian Polissia (Beloruskoye Polesve), Mouka 1 Tekhnika, Minsk. 150 p,

Minisiry of Swotistics and Amnalysis. 1994, Natiopal Economy of ihe Republic of Belorus (Morodmowve
Khoaystve Belamusi), Mmsk, (in Russian), 532 p.
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Shirakow, VoM., Kievel” 1L 1987, Ponds in Belarus (Prody Belopasii). Urazay Pabl., Minsk, (in Russian)
117 p.

Sherakow, V.M., Pudophiichko, YA, YL Dams i Bzlares  (Vodakhramiliskcha  Belarusi).
Universiietskoye {University Publishing House}, Minsk. (in Russian}. 116 p.

Shirokaw, V.M., Pluzmkoy, VoM, 1950 Waler resources of Belans, thar wse ad protechon (YVodmye
resursy Belarusii, ich ispol"zovanie i okhrana). Vodnye Resursy (Winer Resources), Mo 1, pp.115-125,
Moscow, Russian Acadermy of Sciences, Nauka, {in Russian].

Yureviich, B.A., Kuleshov, AP, 1992, Acwal problems of dam exploitation in Belarus {Sovremennoye
goatoyanic i ispol"zovanie yodokhranilishich Belurusin), Vodnye Besursy (Water Hesources), Moo 1,
pp. 174-176, Moscow, Russian Acslemy of Sciences, Nauka, {in Russian).
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Estonia

GEOGRAPHY AND POPULATION

Estomia, with a total area of 45 100 km®, is one of the three Baltic states. It is bordered in the
narth by the Gulf of Finland, in the east by the Russian Federation, in the south by Latvia and
in the west by the Baltic Sea, Restoration of its independence from the Sovier Union ook
place in August 1991. The main administrative units are 15 counties, 209 municipalities and
45 wns,

Estonia is situated on the southern slope of the Fennoscadian shield, The territery of Estonia
rose from the sea bed and its surface &5 relatively flat with an average altiiude of 30 m above
sca level. The higher arcas are the Haanja uplands in the southease, with a peak of 318 m, and
the Pandivere uplands im the northeast, with a peak of 166 m,

More than | 500 =lands m TaBLE 1
the Baltic Sea are part of  Basic statistics and population

Estonia, constituting 9% of | Phsical areas:

- Area of the 1994 ¢ B1F00D h
the territory. There are over |10 1 FouiEy e
1 400 lakes, covering over Cultwsied aroa 1586 BG3 324 ha
6% of the wial area of the - amnual crops 1956 850 BG4
- pefmansnt cops 1935 12 BBO ha
countey, and abouwt 21% of : —
the total area is swamp. The | To paputstion 1956 1471000 inhab,
soils of Estonda are generally :T-Ilﬂim ﬂn;;dw :g:: gg l;hm-fhm’
il papsanim
|'IEi]'-']|" and Eliﬂ'ﬂ:_r'. The Econcmically active papulation
quaternary  deposits  are emjlaged in agrcutiure 1955 13 %
1 1 al whicle - man -
unevenly distributed, almost i
= TR
absent at the northern coast
Wakar sapply covernge:

while being up 1w 200m | yban popusation
thick i the south. Hural papidatian

# ot

The cultivable area is estimated at almoss 4 million ka, which iz 305 of the ol aren of the
country. In 1995, the todal colovated area was 863 324 ha, of which 98.3% was covered by
annual crops,

Since independence, the agriculiural sector has been going through o process of privatization.
Belore the Second World War, Estonia had approximately 140 000 private farms, which were
collectivized inte 360 sovifoz (state farms) during e Soviel era. After independence an the
end ol 1991, there were stfl 120 sevbbor oocupying about 30% of the agriculiural land,
265 koflhor (collective Farms) oceupying 37% of the agriculral Jamd. and 7 227 regiziered
private farms occupying the remaining 135 of the agricultoral land, Today, the agriculieral
sector is almost fully privatized.

The wal population is abowr 13 million (19%5), of which 27% is roral. Abow £41% of the
urban population lives in the capital Tallinn. The rural population lives in rural villzges and
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TABLE 2
Water: sources and usez

Ranewnldy ater ietceinges:
Foreriges precipitation 63z iy
285 kim iy
Intarral menewalib wWaler raaiurGes 12.712 knl’.".rr
Toiad laciuad) renewable waler resowrces 1937 12.BLR krn‘.".-r
Depengdandy ra 1337 075 %
Tonad [actueadh reiawnbili winss rosourcos per inhabitn 1945 B 707 i iyr
Tots dam capacity 1995 ootz ot
Woter withidrawal;
- agriculiusal 1995 B.2 105 mtyr
» domestic 18495 BE.0 105 mtyr
« indusszrial 1495 G1.8 10% m iy
Tonsd veatar withwlrawial 158.0 105 i
per irhabitzat 1895 103 miyr
a5 %% of total jactual) rencwalie wader rosounoes 1.2 )
Qrhar witer withokaseal 13995 1 40B.7 10% mer
‘Wastewaier - Man-converiional sources of waber
Waosrevwaior
- provucsd wastewater 1995 396 10% mir
- treatnd wastowaier 14995 Ivg 10% m¥ i
- feugnd Al wasiEvwatTen ; 10"
Augricullural drsnsge wats . gt |||.:'|'-,-|
Oinsabriatod waber . 10" m“.".'r

‘seattered’ villages, in which houses ane far apari. The average population density s
33 inhubitanis/km’ | varying  from 12 inhabitants/km®  on Hilwmas  lsland 10
127 intubitants ki’ in Harjumaa county, where the capital s located. During the Last owo
vears, Estonia has had a negative population growth rate, about 1% per vear. In 19%6, 13%
of the ecomomically active population was engaged in agriculore. In 1993, agriculieres
apcounied for an estimated [0% of GIVP,

CLIMATE AND WATER RESOURCES

Climate

The =zea has an impact on the climie throwghour the countey. Wimers are mild. springs are
short, summers are warm and sunny, and auumps are long and windy, The average
precipitation 15 632 mmfyear, but 15 somewhat lower on the islands and in the coastal arcas
while being somewlat higher in the uplands.

The climatological conditions allow the cultivation of one crop per year during summer with
ircigation possibly needed in May and June. o dey years, 3615 necessary w irrigate in July amd
August as well, However, more important than irrigation is deainage, I is estimaed, thar
without drainage about two-thirds of the land for agriculiural production would suffer from

waterlogEing,

River asing and surface water resources

Estomia can be divided ot fve hydrological basins: (he Lake Peipus-Marva basin in the east;
the Gulf of Finland basin in the north; the Gulf of Riga basin, including the Salaca River. in
the southwest; the Muhu Sound basin, including the Gauja River, in the southeast; and the
lslands.
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TAELE 3
Irrigation and dralnage

kmgation potential 19495 150 &30 ha

migaticn:

1. Fulll ar parnal congral Irvigackan: soumped e 1955 3 630 ha

- mface Frigalion 1986 ha

- spwinkler irigatian 19566 3 GAag ha

« micra-nigation 1965 - fra

%% of araa rnigated from groursdwsler 1935 il %

% of area rrigated from surlace water 1945 100 "

% af arnn wngated fram non-convantional scurcas 1955 o B

T o ehuipped & aa sotually ivigatod 1995 d4 o

2. Equipped wetlarsd and ke voley bottoms v ha

3. Spatn imgadion . i

Tedal imigation [1+ 2+ 3} 1985 3 A0 ha

- oz % of cullivated arens 04 %
inmease aver last 10 years T8ER.G5 minus G5 %
- sl Brigaced arca as % of irigaied anes 1955 0o o

Full or partisl eomtrol imigation schamas: Critaria

Larga-sias sehaimss =100 I 1955 Z 851 ha

Medivm-scale schemes 1856 1 094 ha

Smal-scale sohrmics < 10 hia 195h a5 i

Tutal ramiser of househalkds in rigsaticn

Imigated crops:

Fatal irigazed grain production 1

a5 % oof 1eTal grien prodkicrEnn - L]
Harsesied crops under ingation - ha
- pRIFATEL Craps: taral - hn

- anrmudl crops: total - [4F']

. pastures and foader i

. vgELabina - i

. athes arnual Grops - Fa

Drainage - Envircniment;

Crained area 1805 TE2 368 hia
- draaved afaa in 1dl or parsal cangral erigated araas - Fhia
~ gramned sea in equippesd wetland and pv.b. - [4F]
- athor drained area hia

- araa WWith subigir s draing 1255 BR 23% Fii

- area with surface drame ik ] B1 6Zd Fin

Drainad arap a3 5% af culivated pos B48 %

Poweer crairesd area as % of iodal drsiresd area i3OG 14 %

frpa salinized by irngation ha

Papulatian allected by watar-bormne dissasas inhakitanis

The IREWE are estimated at 11 712 million m:'."}'r:ar (Figure 1), A fotal guanticy of about
96 million m!'f:.'mr is estimated to flow from Latvia and the Bussian Federation into Estonia,
while an estimated 406 million mlj'}'i:ar flor from Estomia inbo Latwia and the REussian
Federation.

Aenrwable surface water regaurces |[RSWRI by river basin group

Al gagan IRSWH inflaw Total REWH Cutflow
w_n:.rm.:p milkan m'n"..-r million r":‘.'-.'r Fram: milkan m‘-".'r o
Loko Paipus-Marva 4 Bh3 B+ 26 Hussian F. + Latwvia & 941 Russian Fed. (7] + Sea
Sl I Firilpineg Z 13d . 2 T30 Spa
Guif of Aiga A 677 E Latwia 2 685 Lafwia (B3 # Sea
btnibal Souend 310 - a1 Latwia
{el=mnods 1142 - 142 Sna
Tatal 1172 A6 11 308
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1897 and the first Baltic Marsh Improvement Society in 1906, By 1939, there were 779 land
reclamation societies for the operation and maintenance of the dramage capals. In 1957, Land
Tmprovement Bureaus were established o expand, operate and maimtain the dramage sysiems.
During the 19708, around 40 000 halvear were cquipped with subsurface drains, In 1975,
about 390 000 ha of agricultural land were drained. At present about 732 000 ha, or almaost
B5% of the cultivaied land, are drained, of which 650 000 ha, or 8%%, are equipped with
subsurface dramage systems (Figure 3). In addition, an estimated 560 600 ha of forests, or
13% of the ol forest area, are sid © be dramned.

FIGURE 3
Evalutian af the droined aran
am - I
m |
—— i el
~=il== zubguri pce drEnags
il BT g s

theisared ha
g % B &8 B B

.w.l
[

The cost of drainage development (1995) varies berween 3US 1620 and 2 000%ha for open
drainage systems and berween SUS 2 1500 and 2 B00¢ha for subsurface drainage systems,

Irrigation develomment

Summer cunoff constitutes around 105% of the annual runoff. In order w preserve the aguatic
envirenment, it is estimated that oot more than 0.5 lifres/s per km® should be taken from the
dry season discharge, Considering these water resources, the irrigation potential is estinated
at 1530000 ba. In the coastal argas it is nod possible o irrigate withouwt the consiruction of
FESETVOIS,

All frrigation is sprinkler irrigation. Diflerent types of sprinkler irrigation systems have been
constructed during the last 20 years, depending on the scheme size and technological
mmprovemnents. The large irrigation systems were generally of poor quality and were soon
abandoned, During the 1980s, only drag hose irmigation systems were used. The area
equipped for irrigation reached almost 14 000 ha by the end of the 19705, but was reduced o
3 680 ha in 1995 due o the liquidation of the kofthoz and sovihoz (Figure 4). More than 50%
of the area equipped is reported 10 need rehabilitation. The irrgation areas are mainly located
in the north and east of the country. All the area 5 irrigated by surface water, of which 805
by pumping in rivers and 20% from reservoirs (Figure 5). The main irfgated crops are
pasture and vegetables,

Materiale protetto da copyright



Trriparior i che former Sovier Urion cowniries in fTgnres a7

Almost 70% of the irrigated areas are found
in large-scale schemes, with areas betwesn
(00 and 300 ha each, while under 1% of the
irrigated areas are in schemwes of less than
[0 ha each (Figure &), The cost of ihe
development of sprinkler irrigation schemes
varies  from  SUS 5300/ha  for  large-scale
schemes to SUS810/Ma  for small-scale
schemes, while the average costs of O&M
are estimated at 3US 160/ ha for large-scale

schemes and SUS 20vha  for  small-scale
sglemes.

IXNSTITUTIONAL ENVIRONMENT

The main institutions mvolved o0 water

TESUUTCEs IMANAEEment are:

- The Ministry of Environment, with the
Water Department, is responsible for the
development of water legislation, the setting
of water quality standards, the development
of  proundwater  and  surface  walker
resoucces, and the managememt of waler
resources and water use,

- The Regional Environmental Departments
are responsible for the implemenation of
the water management policy in close
cooperation with the municipalines.

- The Ministry of Agriculure, with the Land
Improvement  Bureaw, is responsible for
land improvement and related problems.

-~ The land and waler assoclations  are
responsible for the operation, mainmenance
and management of the drainage sysiems.,

TREXDS IN WATER RESOURCES
MANAGEMENT

The restoration of Estonia’s independence has
brought  with 0 significant  changes  in
ownership and in the instintional framework
of the economy. The transition process in the

FEGLAE &
Esclutian of ircigaticn

b v ed ek

FIGURE S
Deigin af irekgolicen waler
Totot 3 680 ha in 19656

FIGLAE 8
lrrigation & cheme siza
Todal 3 G ha i 1935

<« 0ha

—_—

D030
[FR TS

economy has caused changes in landownership. The large drainage systems have 1o be shared
among new landowners, and land and water associations peed o be established o oversee the
operation, mainenance and management of the drainage systems,

Materiale protetio da copyright




a8 Estoni

A clearly defined government agriculiural policy does nod yel exist, As part of the agrarian
reform, the former Eolbhoz and sovkbhoz were liguidated after | April 1993, They were
replaced by around | 200 joint stock companies, 7O cooperatives and private farms. In 1995,
there were about 11 000 new private farms. It was expected that in 1995 the downward trend
in agricultural production of the last few years would come to an end.

Oaly small-scale irrigation schemes (5-10 ha} with drag bose equipment are expecied w be
profitable, At present, farmers lack the large investment resources peeded for new irrigation
SYSIEIS.

Intensive agriculture has led to &n increase in nittogen concentration in groundwater through
the imensive use of femilizers. A decline in the use of fenilizers In recent years seems to have
already resulted in a decrease in the nitrogen concentration in groundwater wells. While
deeper groundwater layers meet the existing drinking water standards. upper groundwater
layers in many regions are still polluted with nitrogen components. Close o former military
bases, groundwater s often pollued with il products. The drastic reduction in economic
activity since 1989 and the constrection of new wasiewater treament planis have already
reduced pollution considerably,

MATN SOURCES OF INFORMATION

Economic Commission for Burope, Commiliee on Environmental Policy, United MNoasons, 1996,
Environmental performance reviews: Estonia 1996, Geeva, New York, 102 p.

Ministry of Environment. 199, Estonian environment 1995, Estonian Information Centre, Tallinon,

Punning, J.M., editor. 199G, Estonta in tbe sysiem of global climate change. Instituie of Ecology,
Tallinn. 206 p.

Seatistical Office of Eson, 109, Sutsteal yearbook of Esronda 19496, Tallinn.
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Georgia

GEOGHRAPHY AND FOPULATION

Ceorgin, with a toral area of 6% 700 km?2, s located in the Caucasus region o the southeast of
Europe. It is bordered by the Bussion Federaton i the nocth, Azerbagan i the sowthenst,
Armen and Teckey i the south, and the Black Sea mn the west. For admimstrative purposes,
the country &5 divided oo 1 regions (comprsing some 607 districtsy plus the capital ey

Thilisi. It declared s indeperdence from the Sovier Union in April 1991,

The country can be divided  ramie
inty  three  physiographic Basic statistics and population
FERIOIST MOUBLEINS covering Physical areas:

Jana af the cauniny 1554 G 9THO00 ha
III_!IIIIILI =4% of the total area, Cullivaldy aneg 1586 2 BET 473 ha
highlands about 33%. and | Cumivated area 1906 1 DEE 755 ha
1,-3_[[1_-}-5 LOIMe LE?;{,_ The = arenial crops 15 FUEE 990 ha
nonbern boundary consists - panmasing Grop 1506 S0OR 7G5 ha

. Populacian:

af the {_.‘amam MOUILAINS, |t peularion 1506 5 447 000 inhal
whose highest peak sfands at Papulatian density 1854 78 inhab_m®
some SO00m ahove sep | Hural posulavon . 1336 o

Eceemicaly aclive population
level, Abouwi 70% of the ergaged o agriculuns 10 B %
territory lies below | 700 m uf webnch; - e - &
above sea level. Cropping is | omen =
possible  throughout  the Urhar [lcp,llnr::tl ' 15491 I
country up b 2 0000m. AL Fursl population 1088 0%

higher  elevations,  only

pastures are reported,

Since the end of the Soviet period, o process of land privatization has been undertaken. Of the
total agriculivcal land of 3 oullion ha, some 0.7 mellion ha are oow owned and cultivared by
private farmers: 0.3 million ba have been leased o laemers for shorl-term (3-3 years),
iedium-term (23 vears) or long-temm (49 vears) periods; while 2 million ba are soll owned by
the stale (Figure 1), Except for some seed-breeding farms, most of the smie-owned Land,
which is mo longer managed by sowvbloz (stale farms) or dofldes (collective farmsk, i5 not
culiivared,

The total cultivable area, which according to Georgian statistics is equal to the agricultural
area, wias estimated o 1999 ot some 3 milhen ha, or £3% of the termory. Aboat
2.2 millaon ba are forest, which, under the Forest Code of 1978, cannot be rransformed inio
agricultural cropped areas. The cultivated land is estimated at 106 million ha, of which 29%
of permanent crops and 715 of anoual crops,

The total population is estimated at 5.4 million {1996), of which 41% is rural. The avernge
population density 15 78 mhabitants/km?®, but wvaries  from 25 inhobiaoeskm® in the
mountamous areas o 250 inhabianskm? i the valleys., Before independence, (he anmul
population growth was about 1% per vear, b since 1991, the growth has been negative, In
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THBLE 2
Water: sources and use
Fenawabls watar resources;
Averapes precipitobon 1 066 mmiyr
4,723 knv'iyr
fritesrial ranaweable walar resourses 5E.13 i.ln’h.'r
Todal laciual rereswable waler resources 1997 1,33 l.m:'n'r
Daparilancy ragio 19897 4.2 E ]
Todal laciual) rerewable waiter resaurces per inhiabitant 19596 11 BE7 HI:I.I"||'|I
Total dam capacily 1956 1175 1% m?
Water withdrawal:
+ agriculbural 1990 2 0d3 165 miye
- GOmBsTic 1950 rag 10% m*pyr
- industrial 1900 B7 105 m iy
Todal weader withdrawal 3 468 10° miyr
per irtiabitand 1982 B34 i
as % ol toeal Cactuall rerewable water resources &_B %
Cithar watar withdravwal . 105 m¥yr
Wastewantar - Mon-conventional sources of wober:
i gl et
» prochced vwast ek 1965 a1 1g° I'II:'."|IT
- e WaASIEAATRT 1888 278 105 m¥ e
- re-uged ested waslewatarn - 137 nl:'.ll.lr
Aqriculiviral dranage waer 105 miyr
Dipiikriles] waatar - 19" l'!'l""-".ll'

1995, the population was estimated 10 be 1% fqupes

less than in 1991, Agriculiure employs some  Land camgaries

253% of the economically active population, Due | Toal 2587473 hain 1955

tn the shrinking of the industrial sector since

19490, the comribution of agriculture w GQRP Prss gty
reached 3B% in 1995, a share much higher than
in the 1980s.

CLIMATE AND WATER RESOURCES

Clisnnate

Cieorgia, with an average rainfall of | 063
mmuvear, can be divided into twe climatic
PEEI0TNS:

- West Georgia, where the climate is subiropical humid. The average precipitation s
estimated to vary between 1 100 and | 700 mm/yvear. Drainage of excess water 15 one of the
main problems for agriculiure in this part of the country. Averige temperatures vary
hetween 3°C in January and 22°C in July,

= East Georgia, where the climate is subtropical dry, The average precipitation varies between
S00 and 1 100 mmivear. About 80 of the rainfall occurs from March 1o October, while
the longest dry period is about 50-60 doys. Drought years are common. Huil ocoors in
spring and autumn. There 15 a need for irmigation in the areas where precipitation 18 less than
B0 mumyear, Average lemperaneres vary berween -1°C in Jamuary and 22°C in July,
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TABLE 3
Irrigation and drainage

Irigation potental 1985 125 DOD ha

lirigakiomn:

1. Full or panial coneral brigackan: aoquinped anes 1956 437 500 he

- Aurface Frgalan 1986 A8G B2 ha

- sprinkler iripation TELE TO B ha

< mignd-nngation 1296 3 hn

25 al ares imigated fram groondeate 1906 O %

%0 of area imgaied from surface wabes L T %

%% wl area irigated oM od-conyuericnal saurces 1506 o %

9% of squpped ares acteally rogated 100 [

L. Equipped watland and inland valizy botioms §let) 1554 A 53 ha

¥, Spale Erigatian + ha

Tota Eregatson {1+ 2+ 3} b 459 003  Ina
- s W of cultivated arep a4 %%
- increase over last 10 years -
- prvdr noaled aed pe e ol wigaled area 1304 Jr B

Full gr panial comtral irigation schamag; Cairang

Lap=-soaly schomes = 1 000 ha 1948 A58 604

Medeim-siale schames 189494 44 281 ha

Srall-suale gchenes < GO0 1804 I3 815 bha

Total number of households in rngation s

Irmgated crops:

Toval vigaied grsn procction 1386 163 250 ¢
as % of toal grain production 1986 12 %

Harvested erops under irsigation 1986 307 511 |
- permanerl crops: total 1848 104 970 ha
- annial crops: 1eral 1386 Z0Z 541 ha

. Pasture are fodder 19488 GE 269 ha
- Wagalables arel etanons 1386 ATA13 ha
. Wlsat 133aa 27830 ha
T ES 1986 15 G647 ha
. athar annal grape 1946 53 132 ha

Dirasirange - Ensirarsmant;

Drairesd area 13496 TB4 740 ha
= draingd argh it Tull or ppnial conbed wioasd areas 1516 31 300 hs
~drained area in eoupped weilard and v b 19498 31 600 ha
- M dramnad ahea 1396 101 440 |

- sran walb pubusincn drame 1998 A4 200 b
- ared will surlace doaim 19948 120 540 s

Cwairesd area as % of cultivated mes 15

Pawwes drainad ores a3 %5 af 1e1al draivexd aran 199 1 %

fyea salnzed by imigation = ha

Papuilation affecied by waterhorne diseases - inhabitants

Hiver basins and water resources

The country ¢an be divided ino two main river basin groups:

- The Black Sca hasin, in the west of the country. The RSWE generated in this basin are
estimated at 42.5 km*/year. The main rivers are, from north to south, the Inguri, Rioni and
Chorokhi. The main strewm of the Chorokhn rises in Turkey (the Corub Biver), and the

inflow from Turkey is estimated at 6.3 km*/year.

- The Caspian Sea basin, in the east of the covntry. The BSWER generated in this basin are
estimated at 144 km*/vear. The main rivers are, from north o south: the Terek and
Andiyvskoyve rivers, which rise in the nonh of the couniry and flow northeast to the Russian
Federation before entering the Cospian Sea; the Alazani, lori and Kura rivers, which rise in
Georgia and flow into Azerbaijan in Lake Adzhinour, and then flow southeast in Azerbaijan
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hefore entering the Caspian Sea, Two wributaries of the Kura River rise in Turkey: the
M krvari, with an inflow from Turkey estimared ac 0,91 km?fyear; and the Poiskhovi, with
an inflow from Turkey estimated at 0.23 km¥vear. The inflow of the Deber Hiver, a
sotthern iributary of the Kura River, is estimated at 0,89 km*year from Armenia,

The renewable groundwater resources are estimated at 17.23 km%year, of which, however,
16 kmYvear are considered to be drained by the surface water network {overlap). In 1990,
the total water abstraction was estimated at 3 km*'vear from some | 700 wbe-wells. & further
7 kméfyear could be absieacted in the fuure according 1o a recent assessment. Groundwarer
use was nol grealy develeped during the Sovier period, due 1w the emphasis on large-scale
state-rum surface irrigation schemes

The IRWE are estimated at 538,13 km®vear and the ARWE at 63,33 km¥vear.
International agreements and actual waler resources

Im 1923, an agreement with Turkey was reached on the use of warer of the Chorokhi River,
allocating half of the average surface water Mow 1o each countey. This agreement dealt only
with water low and did ot consider the sedimens flow estimated at 5 million m¥/vear. About
46% of these sediments form the sand beach and are an important resource, as tourism is of
prime importance o Georgia’s earnings. Turkey is presentdy planning o construct a cascade
of 11 dams on the Chorokhl River, which will affect the sediment Mow and thus the beaches
on the Georgian shore, Georgia is pressing Tor a reconsderation of the agreement, which
should not only deal with te allocaton of water but alse address the issue of sediment flow.

Armenia and Georgla are now working on agreements aboul the vse of the Lake Khanchali
and Debet River waters.

Lakes and dams

There are about 43 dams in Georgia, and their tal reserveir capacity is estimared a1 abow
3.2 km?, The largest dam, for hydropower, is the Inguri dam, with a reservoir capacity of
1.092 km?, In 1995, hydropower supplied B9'% of electricity. For irrigation purposes, some
31 dams have been buile, with a total reservoir capacity of | km?, of which 732 mullion m?® is
aetive, The three largest Irmgalion reservoirs

are all on the Tori River: the Sioni reservoir FUGURE 2

upstream {323 million m*),  the  Thilisi Water withdrawsl

reservoir (308 million m*) and the Dalimta Toml: 3 468 mikon i in 1980

reservoir downstream (180 million m7).

ik Ly

Water withdrawal and wastewater /

The tmal warter withdrawal was esomated at |
3.5 kmMvyear in 1990 {Figure 2), less than in !
1985 (4.6 k). The main reason for this T—.':'n’;'“l"
decrease has been the industrial decline since

the end of the Soviet Union, This decline [—
resulted in a 30% reduction in industrial water 104
withdrawal between 1935 and W)L

it ipary
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In 1985, the total produced wastewater was estimated at 614 million m3, of which
279 million m* {45%) was treated. There s oo traditton of reated wastewaler re-use in
Georgia.

IRRIGATION AND DREAINAGE DEVELOFMENT

Irripation development
The irrigation potential in Georgia is estimated at 725 0K ha,

There is a tradition of land improvement through irrigation and drainage in Georgia. At the
beginning of the twentieth century, the tofal irrigated area in Georgia was about 112 000 ha,
Major investments were made in the irrigation sector during the Soviet period, This resulied
in a total area of abour 500 000 ha equipped for irrigation ar the beginning of the 1980s,

In 1996, irrigation covered 469 000 ha, of

which 31 300 ha of equipped wetland  and

inland valley bottoms and 437 500 ha of full or e — —
: . . . | FIGLRE &

Pa'ﬂml control ngamd Areas I::FI,ELLI'E 3}" River Irripation teohndquos, full ar partlal conerol

diversion i the main source of water for  Tomk 437 5000 in 1996

irrigation (Figure 4}, Groundwater is not used | e pritkbe

s s 4 . rigadian
for irrigation in Georgia. =

The main irrigation echnigue developed on full
or partial control irrigation equipped areas is
surface rrigation (Figure 5). Micro-irrigation
was practised on an experimental basis on
200 ha in east Georgia af the beginning of the
19905, However, all micro-irrigated arcas were "
destroyed berween 1991 and 1994, Moreover, Barlinn S

the high costs of micro-irrigation development et

have so far Dimited ihe scope for  fulure

expansion.
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Muost of the schemes are larpe-scale schemes ESLEE ©

{Figure &), The largest schemes are: the upper Ireigation schemae size. ull or partial condral

Alazani (41 100 ha), the lower Alazanp T 37 B n A6

{29 200 ha), the upper Samgori (28 100 ha), e

and the lower Samgori (29 200 ha) - F00- 00 ha
11

The part of the equipped area which is acieally .-/

irrigated  §5  estimated a5 being  limited (o

273 769 ha, which is only 63% of the total |
area, mainly because of security problems for | |
farmiers, severe economic siringency and the 5

prevailing pelitical situation. - /
B ) -~

There is no private irrigation in Georgia. All

irrigation &schemes are managed by the soae

through its Depanment of Land Improvemem

and Water Economy. Though irrigation remains the responsibility of the state, the land
irrigated might be owned either by private farmers or by the state but leased o farmers,
cooperatives or agro-firms

At the beginning of 1997, irrigation water charges were introduced in Georgia, on 2 basis of
SUS 3 per | 000 m?, This figure is the same for all schemes in Georgia. It will probably
increase in the future since it does not enable O&M costs o be fully recovered, The water
charges cover about 12% of the total Q8 M costs, the government budget covers 13% of the
total, while the remaining 73% are not covered, resulting in the degradation of the irrigation
systems. In 19%6, owver 300 (00 ha were estimated to be in need of rehabilitation. The current
palicy is for the government to pay for the Q&M of the dams and headworks which have
been constructed, while the Q&M costs of the distribution and on-farm network should he
paid by irrigation vsers through a higher water charge.

The average cost of irvigation develepment (19%0) varies berween SUS 3 5300 and 4 300/Ta
for surface irrigation, and between SUS 6 300 and 7 2000ha for sprinkler irrigation. Average
&M costs vary between 5US 35 and 70/ha per year respectively.

In 1984, the major crops cultivated under full or partial control irrigation were fruit trees and
prapes, pasture and fodder crops, vegetables, potatoss, wheat, maize and  sunflower
(Figure 7). Irmigated crop yields compared relatively favourably with canfed crop yields,
although the average difference is very low due o the pood climatic conditions in (he areas
where rainfed agriculwee iz practised. In 1986, in the full or partial contrel irrigation
schemes, the average irrigated crop yields were 3.0 t/ha for winter wheat, 2.9 tv'ha for maize,
4.8 t'ha for grapes, 5.0 tha for fruits and 12 tha for pofatoes,

Drainage development

In 1996, the total drained area was estimated at 164 740 ha, consisting mainly of surface
drainage (Figure £).

Drainage has been developed mainly in the high rainfall region of western Georgia (Kolkhegy
Iowlandy, om 132 940 ha owt of a wotal of 164 740 ha for the whole country. The total area of
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Kolkhety lowland, where drainage infrastructure could be developed in the future, is about
HO0 00K bea,

About 31 800 ha of full or partial contrel irrigation equipped areas are also equipped with a
network of surface and subsurface drains (Figure 9). Abour 31 100 ha of the equipped
wetland and infand valley bottoms are also power drained. They are located in the coastal

regions of west Georgia, in polder systems where electric pumps drain seawater and excess
fMoodwater.

INSTITUTIONAL ENVIRONMENT
The main insriutions ineelved In water resoUrces managerment are:

« The Ministry of Agriculture and Food, with:
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= the Department of Land Improvemem and Water Economy, responsible for planning,
monitoring, and promoting ierigated agriculiure. This depariment defines the waner
requirements for irrigation and supervises the management of the irrigation schemes.

= the Hydraulic Design Instinme (Sakiskalproject), responsible for ievigation, drainage, flood
conteol, land reclamation, hydroelecicic and water supply schemes design,

- the Georgian Scientific Research Instinute of Water Management and Engineering Ecology,
responsible for research into all issues related to water,

#  The Minisiry of Environment and Natural Eesources Planning, with:

- the Water Resources Pollution Department, which 15 responsible for the conteol amd
regulation of water pollution. In the future 0 will be the principal advisory body w the
govermment on all maters related o the wilization of water resources,

During the Soviet period, many administrative units were involved in the management of the
same irrigation scheme. With the institnional changes which have occurred in Georgia, every
scheme is now directly managed by one of the 48 administrative units of the Department of
Land Improvement and Water Economy,

A water law is being prepared and should be submitted to parliament in 1997,

TRENDS IN WATER RESOURCES MANAGEMENT

The irrigation and drainage schemes are in a poor condition, Tt is estimared that about
300 000 ha, or 68% of the whoele irvigation system, need rehabilitation. However, the cost of
rehabilitation iz very high, and in the cases of several power irrigated schemes, rehabilitation
might mor be economically justified,

An important constraint is the design of the surface irrigation schemes, Moest of the medium-
or large-scale schemes were designed during the Sovier period, when the plots were very
large. Because of the privatization process in Georgia, most farms now consist of small plots,
which rtequire a different water module. Reorganization and simplification of  water
distribution system in medivm- and large-scale schemes is thus a priority.

Emall-zcale irngation s developing without any subsidies from the povernment. Groundwater
iccigatien s likely o oincrease in the future for small-scale iecigation schemes, but only in
western Georgia where the shallow aguifers are located.

Future irrigation development is expected o be on a very limited scale, pamicularly for large-
scale and medivm-scale schemves, mainly because of the high opporuwnity cost and the
shortage of funds. Flow regulation through dams would be needed tor these schemes, buat the
competition berween vdropower and irrigation, which do mot need water at the same periods,
prevents the construction of multipurpose dams.,

Although no WUAS have been established so far, farmers will be encouraged w forme such
associations in the near futere, within the framework of the new water law currently under
preparation. This law should provide a legal framework for the establishment of water
charges n irmgation.
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Drainage works might be carried out in the future, particularly in the Kolkhety lowland, with
attention to ecological and environmental analysis, The eradication of malaria in this area
would be one of the goals of these drainage works, However, opponenis of this project
propose the halting of land reclamation in the Kolkhety lowland and the creation of a national
park.,

Emphasis should be placed on drainage maintenance, since some 60% of the salt-affected
arcas have been cquipped with drainage infrastruciure, but are no longer being maintained.
Salinization is therefore likely to occur in these areas.

MAIN SOURCES OF INFORMATION

Departmenst of Land Improvement and Water Economy. 1996, Some suggestions on the rehabilisation of
Tand smprovement of Georgia, Miolsiry of Agriculiure and Feod of Georgia. Thilisi, 11 p.

Ewropean Union: Technical Assistance for the Commonwealth of Independemt Siates [TACIS]. 19926,
Irrigation and drainage evaluation. Prepared by Anthony Zagni for Project No FDREGES01A,
Regional Agriculiural Beform Programme, 1, Cavcasus Region, Georgia, 60 p.

World Bank. 199§, Georgia: reform in the food and agriculwre sector: 3 World Bank cowntry smdy.
Washingtom, DC., 170,
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Kazakhstan

GEDGRAPHY AND POPULATION

Kazakhstan, with a total area of 2 717 300 km?, is the second largest couniry of the FSU afier
the Ruzsian Pederation, It s locaed in Central Asia, bordersd in the northwest and north by
the Russizn Federation, in the east and sowthease by China, in the souwh by he Kyvrgyz
Republic and Uzbekisian, and in the southwest by Turkmenistan and the Caspian Sea, For
pdrministrative purposes, the country s divided into 19 provinces (ebdass), one of which
inchudes the capital ciny of Almaty (foomer Abma-Aln). [0 declared vs imdependence from the
soviel Union in December 1991,

Desens and steppes account for more than 805 of the sl area. The cemeal part of the
country consists of & sandy plateau with small bills named the Kazakh Melkosopochnik,
surrounded in the north and noctheast By the west Siberian plain, in the sowth by the Turan
plain, and in the west by the Caspian lowland. In the east and southeast, mountain chains
CAdtwy, Djungar Alatau, Tien

Shanp alernate with depres- .06y

sions  (Zaizan,  Balkhash- Basic statistics and population

Alakol, I and Chu-Talas) Physical arcas:
which  comprise  sandy | Area ol the counary 1993 2N SO0 ha
. Cultivable area 1993 222 328 B0 ha
deserts (Sary-Ishikoteaw and g oo oo 1983 34 372 400 ha
Muvnkumi, The coumry’s - il craps 1993 34 060 400 he
higl‘ltil pl.‘a]’. {I‘:.l‘ll.lJ'.I-Tl:rlg.l’_'r’] - AL Shapg 1993 A12 Gl b
. . Fopulition:
stands at 6 995 m above sea | PRI 1938 16 820 00C  inhab.
level in the Tien Shan Population density 1996 ¢ irmab.kmt
mountain - range  in the Fural population 1936 4 %
] Eeerdmically active popiliticn

southeast. wngsgsd iy agrculiore 1998 21 %

- of which: - men L
Thve . cultivable area, T — a,
including the area suitable Watar supply covieage:
for  pastures/grazing  anmd Ui population 19893 43 %
1'|I:I'l:l|.'ﬂ].l' the .‘i[f']'.lpl:.li is Foral popufation 1993 2868 %

estimated a1 222 million ha,

or 82% of the toal area, The cultivated ares was estimated at 34.4 million b in 1993, or
15% of the cultivable area, of which 99% consisted of anvual crops, Fodder accounts for
more than 10 million ha, There has been 2 dramatic increase in the culiivated arca since 193540,
maindy due to the poliocal decision taken i 1950 o develop agriculture on semi-desertic land,
called “wirgin land®, notably in the nonherm and central part of the republic. From
7.5 millico ba in 1950, e cultivited aren increased o 28,5 million ha in 1900, In 1993,
sovikher {srate farms) and Eeibloz (collective famms) were still predomimnt in Kozakhstan,
with private plods covering less than 1% of the cultivated area, and the joint stock companies
and farmers associations less than 8% of the coltvared area (Figure 13 The land reform
process was extended further after 1994, and most of the land was wransferred 1w farmers or
companigs, through private ownership or long-term beases (99 years). With the possibility of
selling private land, or transferring land Jease, an increase indhe average funm size has been
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TABLE 2
Waler: sources and use
Ramawsalds wiarlisr nas Gliices:
Fovsrane presspiation 3dd mendyr
93480 b:m].'l.lr
Incinnal Fanassakds wiled fS0ECES PE AT kmyr
Tatol (actuall merpywable walar iesomincis 1957 138.61 hln:'n'l.'r
Dependency raiio 1957 31.2 L)
Tatal Cacruall renewalile Warer MEECAINcet par inkadinan 1336 Gel1T I'Il:ll"p'f
Tatal dam copacity 1904 BE 7EO 10% m?
Water withdiaeal:
. agrcuitival 19493 a7 413 10° mPir
- dumestic 1993 Lk 1 mliyr
. irdustnal 18063 B GTAE 10° mPiyr
Tatal water withdrawal 33 674 1" mrye
par inkath it 1943 2 000 m"'n".'r
BE W o 100 [AC1UET randwalie waner neEourcee aon.r E ]
iber water withdrawal 1903 462 10% m¥iyr
Wiastewater - Non-conventsonal socurces of water:
WARTRWALRT!
- ol wWoRLevwaTar 1953 1 833 10" m e
+ ireated wasiewater 10583 274 iof I11'1|"|'\-I'
. reused Treated wasimwaber 19083 274 10° miyr
AgricuMural dedinsge swater 18%3 & 78S 10" l'l'I-?I"p'l'
Desalinated wales 1993 1328 10 o iy

reported, up from about 5 ha to more than AL

T ha per farm between 1994 and [997, Land cRLegore Agric
The total population is 16.8 million (19963, of 0 T o o0 s 8 St
which 40% is rural. The average population R
density is 6 inhabitants/km®, but varies from —
2 mhabiants km? i the centeal province of pls
Jeskazgan 1o 20 inhabitantskm?® in Almary R
province., The average annual  population

growth rate was [.1% between 1985 and

9%, It then decreased to 0.4% per year N

between 1990 and 1994, becoming negative in N

1993 with a Tigure of -0.2% . In 1996, about B2.0%

215 of the economically active population was

engaged in agriculture. In 1993, agriculture

accounted for an estmated 19% of GDP, 7% of which resulted from irrigated crop
production, and 2B% from rainfed crop production. The remainder {63%) consisted of
livestock products, notably beef, muon, dairy products and wool,

CLIMATE AND'WATER RESOURCES

Climate

The climate of Kazakhstan is typically comtinental, with cold dry winters and ot dry
summers. In the south, average temperatures vary from -3°C in January to 30°C in July. In
the north, average temperatures vary between -18°C in January and 19°C in July, while
records show remperatures of -45°C in January. The frost-free period varies between 195 and
265 days in the south and between 245 and 275 days in the north, The cropping period is

limited o one season from March o Ootober nthe south and from April te Seprember in the
norih.
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TAHLE 3
|H‘I-g'll.-lﬁtl'l and Mil‘l!uﬂ
Inrigation potential 1990 3769 BO0 ha
Iigatiom:
1, Full o partial cardrel irdgation; aqiEapped aea 1993 e B s 8 ha
- surfsce irigation 1993 1763 5D ha
« spnmkher Fngation 1953 B4 GO0 ha
- IFRCF - TR AT 1993 . ha
% af area erigated from groundveater 1953 .7 %
% af area Frgaced rom SUface watar 1993 5,3 LA
% of area wrgated from nor-coreentional sources 1983 2.0 kS
% of agupped area acmually irigated 19493 160 %
2. Equipped watlssyd aod inlond valley Battams |iv L 1953 138 700 ha
3, Spate iviganion 1104 G030 ha
Tatsl imigation (1 4+ 2+ 3) 19593 3 556 400 ha
- as % of culteated area 10.3 LA
- it il Lasy 10 yaors 1965-93 +15.5 k=
« powwer imigaied area as % of imgated area 1983 18.8 %5
Full or parizal comirol irmgation schemes: Criteria
Large-scale schamas = 1 000 ha 1993 114 BO0 ha
Fedivm-scale schamps - ha
Smali-scalie schemes < 1 003 ha 19493 198 800 ha
Tatal ramider of houssholds i irigation -
Irrigated crops:
Tatal irigated grain praducticn 1993 1 363 G0d 1
&6 % o 1ol grain progdection 1953 6.3 5
Harvested crops undesr mmgation 1993 2 313 1040 hi
. pEMMansnt orogs: ol 1983 311 7D [4F]
- prnuad crope: total 1993 2001 40a ha
. fudder 1983 1 006 300 LIF]
. cornals 1953 T35 200 ha
, GEllan 1993 110 &0 ha
. ol craps 1993 GO o0 ha
, #har anndal oraps 1953 Th a0 ha
Drainags - Envirddusang:
Drained arsa 1993 433 100 i
- draimed area in full or partial condral irigated areas 1993 433 100 ha
- el g in ejuipped watland and i, . ha
- otfier drained area - ha
= aren weith subsurtace drains 1955 15 a0 hia
- aren wwith suedace drains 1903 417 500 i
Drmined aren =& % of cultivanad area 1.3 Ya
Powier drained eas as % of tatal drained ares 1993 35.3 F
Arnn salindzad by #Tgatan 1993 247 000 ha
Fogulation alfected by water-boma didases B mnhabitants

The avecage annual precipitation is estineted af 344 mm, ranging from less that P00 mm in
the Bulkhash-Alakol depression in the centeal-eastern part of the country or near the Aral Sea
in the south, up 1o 1 600 mm in the mountain zone in the east and southeast of the country.
About T0-35% of the anoual rainfall cocurs during the winter season, beiween October and

April.

The continenial climate is also charascternized by s high evaporation level, which, together
with the low rainfall, makes wceigation a necessity in large pans of the couniry, notably in the

south.

I the mountaioows zone in the southeast, there are 2 724 glaciers with a total area of

1963 km'
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River basins and water resources

Four major hydrologic regions can be distinguished in Kazakhstan, depending on the final
destination of water: the Arctic Ocean through the Ob River, the Caspian Sea, he Acal Sea and
imternal lakes, depressions or deserns.

Renewable Surfece Water Resources (RSWR) by major river bagan

M al tha Flangecn Adiwa ol nvar bicen vl Irdice Total Lagllow in
Tiar ASWA Arnual
Tatal watho EWR
K sk nm
CHI berr HHAD kit kmi'tyr | Bmtr P km*iyear
Arclic Oonan;
Iity=hi HMorhesst 1 GHZ.O 43% ar 8.2 China 45,2 Aliis&i s Fiafl 000
lshire Hexth 277.0 2o 34832 - 382 | Russinn Fedl drivah|
Tebal Horthwee A44.6 114.% 1.1 1.1 Aussian F 1.8 | Russlan Fed dnvshl
Gustoinl FFTER T 41,52 | 10 51,72 | Russian Fed. 0081
Caagisn San;
Lpd Wast 21 144 L] ) FAussian F. 9 aspan Gea
Emba Wiast a3 a5.58 7T . 04T | Caspan lowlind
Dbz riveais VWasr 11E& 4.2 0.5 Huexsian F. 1.3 | Caspan nwlandiSas
Gulamol ang.z B.IT| 5.6 B T7 | Caspiin Gos
&l Sea
Bt Dty Saiuth Gl 344 4.5 10 * | Wshakistan 14.5 | aral Bas
Sulstotnl 5480 3444 4.5 10 * | Uzhhistan 445 | Aral Sas
bteriai bosang.
Chis Bonh G2.6 26 O.7E | 124" | Kwepgyz Aep. 197 | Mhrynkum disen
Todas |&saap Binith 532.7 42.% 0.5 | OL7EY | Eywgyr Aigp. .34 | Mooy desean
Laba Bakhish | Soedbiaal 250 180 73 E Chasua (1] 1380 | Lukn Sulkbash
DB | Eyemer Bep
Byl East ] EL 2.9% | 03 China 1.00 | Leke Alakal
Laha Tamgiz v naih 6.8 B3 1.2 . I.2 | Loki Tengie
Siwyviu Lot i - seswst B1.E g1.6 0.9 A || Leka dahchical
Ty Carmiral 157 157 1.2 1 || Lekn Ghakerioniz
DOihes (0] [ hi.2 ' 0.z
Fabinoap 1324, G 1 THE.& 17.83 | B&3 2652
Tainl THON | G9.3Z ] 404 1081

* Accondrg 1o sxsling SGreaments

The wotal IRSWE of Kazakhstan are thus estimated ar 6932 km¥vear, while the ol
inceming flow from neighbouring countries is estimated at 34,19 km®year (Figure 2}, The
outflow to the Russian Federation is estimated at 388 km®yvear, while the total outflow to the
Aral and Caspian seas is estimated at 1.5 and

3 km*fyear respectively. FIGURE 2
Etacnal raniwslile watlar resourses hy

minjor iver basin

International agresments have addressed the Total: 88,32 kmive

water allscation fssues  between Kazakh2tan

B
and iz neighbowes: il San
[Fis il &%
« For the Svr Darva River. the existng ':;;‘:
principles governing water sharing among
the Central Aszian countries will remain valid —
(Apreement of |8 February 1992} until the hasing
Mt

adoption of a new water strategy for the Argal
Sca  basin, endorsed by the  Imerstale
Commission for Water Coordination, Under
the 1992 Agreement, the part of the Syr Darya surface water resources allocated 1o
Kazakhstan has to be no less than 10 km'fyear downstream of the Chardara reservoir,
Considering the 4.5 kmYvear of internal surface water resources generated in the Kazakh
part of the Syr Darva River basin, it can be considered that the actual surface water
pesources in the Kazakh part of the Syr Darya basin are about 145 km"vear.
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- For the Chu and Talas rivers, flowing in from the Kyrgyz Republic, an imerstate agreement
has been reached with the Kyrgyz Republic (May 1992). This agreememt addresses the wiater
allocation msues between both republics. considering the total resources gencrated in the
Basin (including surface water, groundwater ad return flowd and faking nio account the
water evaporated from the lakes and reservoirs. Onoaverage, ol can be considered that the
part of the surface water resources allocated o Kazakhstan i 124 km'year for the Chu
basin and 0,79 kmvear for the Talas and Assa river basin.

The annual renewable groundwater resources of Kazakhstan are estimated ar 3587 km*fyear
(1993, of which 29.77 km®/vear corresponds o the overlap with the surface water resources.
Thee total ARWR can thus be estimated at 10961 km?fyvear. In 1993, the part of groundwater
resources which could be extracted from exisung pumping facilies was estimated at
6.1 km'/year,

Mon=-comventional sources of water

Abour 1.3 km? of Caspian Sea water 5 desalinated by the Mangistau nuclear power plant
(19937, mainly for industrial purposes and o supply water 1o the cities of Mangistau and Novi
Uzen,

In 1993, the return fow  within Kazakhstan amounted w B.62 km¥vear,  incleding
G790 kmPfyear of agriculiveal drainage water and 183 kin®vear of domestic and industrial
wastewater, The main part of the rewrn flow, abour &.78 km?/year, flows back o rivers,
Abour 1,57 km?/vear is directed to natural depressions, and 0.27 kmdfvear is directly re-used
for irrigation. In the Syr Daryva River basin, about 1.2 kmdfvear of remern flow flows back o
rivers white (1.7 km*/year is directed to natural depressions.

Lakes and dams

The Caspian Sea 15 the largest lake in the world. [ts level is presently subject to important
variatons, In the last decade, the Caspian Sea level has risen by about 2 m, which has
resulted in warerlogzing in owns and villages, and the loss of agricultural land, On the other
hand, the Aral Sea has been affected by a dramaric decrease in its level and volume, mainky
due to irrigation development upstream. This has resulted in environmenial problems, which
have heen tentatively sddressed by the Central Asia Imterstaie Commission on Water
Coordination.

There are more than 17 000 natural lakes in Kazakhstan, wih a toial area of abow
45 000 km? and a total volume of water estimated ar abour 190 km?. Salinity varies from
0.12 pilitre in east Kazakhstan w 2.7 g/ire in the ceniral part of the country. More than
4 (M) lakes are mventoried as zaling, The largest lakes are: Lake Balkhash, with an area of
18 000 km? and a volume of 112 km®; Lake Zaisan, with an area of abouwt 5 306 km?; and
Lake Tengiz, with an area of 1 390 km?. Irrigation development in the last 20 years in the
basin of the 1li River, which flows into Lake Balkhash, has led to ecological problems in the
region, nodably the drying up of small lakes. For the whole country, it is estmated that abour
B 000 small lakes have drisd up in the recent past due (0 overexploitation of waler resources.

The main natiral depression is the Arnasay depression where Lake Aydarckul. with a capacity

of 30 km?, was created artificially with water released from the Chardara reservoir and with
the return flow from the Hunger steppe irnigated land which is shared with Uzbekistan.
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Maore than 180 water reservoirs have heen et
constructed in Kazakhstan, for a total capacity  water wethdrawal
of 88.75 km?. There are 19 large ones, with a Total: 33.7 ke in 1963
capacity higher than 0.1 km? each, accounting L S
for 953% of the wial capacity. Most of them 17%
are  multipurpese:  hydropower  production, L
irrigation, and flood control. The largest ”"'_,‘.:'“'
resecvoirs ares the Bukhtarma reservoir on the
Irtysh River, with a wial capacity of 49 km';
the Kapchagay reservorr on the 1 REiver in the Bawa
Balkhash basin, with a wal capaciy of "':’::"
28.1 km?; and the Chardara reservorr on the T
Svr Darva Biver at the border with Uzbekistan '";;:'
with a toral capacity of 3.7 km?.
The gross theoretical hvdropower potential of —
Kazukhstan 5 estimated at 100000 GWhe'vear Evokiion of waiar wishdrawal
and the economically feasible  potential a1 .
abowt 35 000 GWhiyear. The total installed
capacity  of the hydropower planis exceeds 5
3I0W. Hydro-electriciy represents 2% of
foral  electriciy  geperation of the countey, - "
which meets only 85% of the ol electriciny =
demand, the remainder being imported from B
neighbouring countrics. -
]
Water withdrawal and wastewater e LLLE] 1Ly 1943

I 1993, the wtal annual water withdrawal was

estimated at 33.67 km’, of which more than 80% for agriculiural purposes (Figure 3}, After a
regular increase in water withdrawal dll the mid-1980s, there has been a slight decrease
during the last decade, mainly in the agricultoral secior due to the adoption of water
conservation methods, and i the industrial sector, due to the decline o the sector sinee
idependence (Figure 4). The main source of water 15 surface water, which 15 used for
agriculure, while the domeste secor s supplied by groundwater and desalinated water
{Figure 5). Groundwater is mainly used in the Inysh River basin (0.6 km¥/vear). in the Lake
Balkhash basin (0.3 km¥vyear) and in the Syr Darva River basin (0.5 km* year)

n 1993, the total produced wastewater amounted o L8 kmYyear, of which 0.27 km*/year
was treated.

IRRIGATION AND DRAINAGE DEVELOPMENT
Irrigation development

In 1993, irrigation covered 3.5 million ha, or over 10% of the cultivated area, and provided
about 20% of the country's crop preduction. Irrigation in Kazakhstan consists of full contrel
ircigation (also ealled ‘regular irrigation™ on 2 313 100 ha, followed by spate irrigation on
I 104 &00 ha, and equipped wetland and inland valley bottoms of 138 700 ha (Figure 6). The
evolution of the irrigated area in the last 20 yvears has shown a progressive and constam
increase in the wreas equipped for full control, while spate irrigated areas and equipped
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areas which could be equipped for full control
irrigation ot the horizon of 2000, This is
estimated at an additional 1 455 400 ha, which
leads w a wdal dreigacion  potental  of
3 Ta8 500 ha.

Surface erigation is the main technique used in
fll control ieeigation {Figuee B).  Sprinkler
irrigation, which iz the dominant irrigation
techmique m the noenhern provinces, covers
about 550 000 ha. Micro-icrigation is rare, and
generally carried ow on a experimental basis,
There were abour 20000 ha  using  drip
irrigation in 1990, but they have since been
abandoned because of a lack of funds for
mainteEnance.

Full contrel irrigated areas are mainly supplicd
with  surface  water (Figure 91, On  about
G0 000 ha,  water  is  provided  through
pumping in rivers. An imporiant hedealic
infrastructure  exisis in Kazakhstan: the Kirov
Intersiate canal, constructzd at the beginning
of the century (from [913 o 1957) 1o icrigate
the Hunger steppe. The O&M of this canal.
which has a capacity of 220 m%s at his head
and a length of 137 km, 15 the sk of the Syr
Darva River BWO. The Irtysh-Karaganda
canal was constrected berween 1962 and 1974
o supply  the water-scarce  region  of
Karaganda with the Iriysh waters. lis fodal
lemgeh s abowt 4538 km and its capacity s 76
m*s. More than 22 pumping stations and 14
sl reservoirs have been built on this canal,
which raises water over a ol elevation of
250 m, I is estimared that there are more than
4 000 kmy of inter-farm cunals in Kazakhstan,

There 15 oo fully  privae  eeigation i
kKazakhstan. Large-scale schemes, with an area
of more than U000 ka, cover 2.1 million ha

EN I
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diwergian
1%

= T{HHI hs
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Frrigaticn Decdunigquaa [l Gongnal]
Total: 2 312 103 hia in 1953

T

g of irigation water (Tull comeal)
Total: 2 313 160 ha in 19563

LIrsnag® {5 e«
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Pumpng in 2% B%
nyuts
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FEGURE 10
Irrigation scheme size {ull control)
Total: 2 373 100 hain 1283

<= TIHH} hx
I

(Figure 10). They are mamaged by state organizations, Small-scale schemes are managed by
local fdistrict) water management bodies, which are now self-supporcting amd Tinancially
autonomous. According o a 1996 World Bank report, maintenance is deficient and declining
due 1o stafl cuts and shorages of funds, The irrigation efficiencies are very low, due to
seepage in unlined canals, resulting in water Iosses and waterlogging of adjpcent lands. Water
scheduling is quite rigid, leading in some cases w over-icrigation and a rise in the water table.
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FIGLIRE 11
Irrigated craps [full cantral)

Total: 2 313 100 ha in 1983
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Each farm has a fixed and registered water allocation. During water shortages, water 15 pro-
rated according e the crop water requirement norims: higher value cash crops usually have
first priority.

Sinee 1993, a privatization process has resulted in land being leased o joint sieck companies
and private individuals, The first WU As were established in 1996, but private forms of water
service (delivery and management) are sill nol operational in Kazakhstan, 1o 1994,
Kazakhstan was the first Central Asian country to implement water fees. The price of water,
which is different for each provinee, was defined by volume and according 1 the added value
irmigation could bring o agricultural producton. However, the actual price was fixed well
below the price which would have enabled full O&M cost recovery, For example, m 1995, in
the Kyzyl Orda province, in the south in the Syr Darya basin, the actual price was fixed at
3US 0.06/m* although the real cost of O&M would require 3US 0.56/m*. This low price has
not stimulated farmers o adopt water saving technigues. There are few incentives for reduced
water uge, However, inthe case of overuse of water, fines up o Ove umes the cost of the
water used above allocation are imposed on fanmers.

The major irrigated crops are fodder (mainly alfalfa), cereals, coton, fruis, potawces and
sugar bect (Figure [1). Wheat, rice, cotton and podatoes are the major Kazakh export crops.
In 1993, irrigated crop vields were 181 v'ha for coon, 1.5 vha for wheat, 4.3 v'ha for rice,
3 vha for maze, and 2.5 vha for grapes (Figure 12}, Fodder crops, which are required for
winter feeding of the large livesiock population, are grown in many areas where salinity and
poor drainage conditions prevent other crops from being grown. The fodder crop yields have
declined 15-40% in the last five years,

Irrigation schemes for rice with unlined canals, which are predominant along the Syr Darya
River in the south, cost about $US 3 500-5 000/ha, bur might reguire an additional
SUS 5000-11 000ha if agriculture infrastructure is needed. Furrow irrigation svstems in the
south cost ahour $US 3 700-5 800Vha. Sprinkler irrigation in the centre of the country costs
about 3US 5 500-7 200vha. Berween 1985 and 1990, the average cost of irrigation
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FISURE 12
Comparison of crop yields under ranlad and Engeted conditiong
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development, including the cost of dams, pumping stations, main canals, infrasirectures and
drainage networks, was  about  S5US [E000ha,  Rehabilitation  cosis  vary  berween
SUS 3 500 and 4 200/ ha.

Waterlogzing, salinity and drainage development

Oui of the ol irrigated area of 2313 100 ha in the country, over TOO0OM ha require
drainage. In 1993, drainage had been developed on 433 1) ha, The arca equipped with
subsurface drains amounts o 13 6000 ha, while vertical drainage is carried out on abouwt
152 904 ha (Figure 13), These two drainage techniques have been developed in the newly
reclaimed areas, i.e., the Hunger steppe, the Kyzylkum scheme and the Kveyl-Orda scheme,
all of themy im the south of the country, Almost all the drained areas (99%) are located in the
five soumhern provinces of the country, The average cost of drainage development is abouwt
SUS G00/Ma for surface drains and SUS | 400/ha for subsurface drains.

Little maimtenance has been done on the dramage network since 1990, Moreover, part of the
agriculral drainage system does pol work propecly because of dehciencies n design and
construction. [nis estimated that abowt Q0% of the vertical drainage systems are nod in wse due
i the high costs of pumping. A significant problem ‘also exists with the disposal of highly
mineralized water.

In 19493, abowt 242000 ha (HL5%) of the AGURE 13

irrigated areas were classed as saline by Drainags technigues
Central Asian standards (toxic ons excecd Toral: 432 100 ha in 19293
0,3% of toral soil weight), These arcas are

mainly concentrated in the south of the B Subsuitice
country, B %

INSTITUTIONAL EXVIRONMENT

The Stare Committes for Water Resources of 7
the Republic of Kuozakhstun (SCWR) 15 Eid g o
responsible for maintaining and operating the
existing inter-farm  system for delivery of
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irrigation and rural drinking water through regional and district water resources commiltees.
It i5 responsible for inter-sector and inter-provincial water allocation and for defining national
policies on water quality amd the protection of water resources. It administers imternational
river svsiems with respect to water sharing. It supervises the gight national Biver Basin Water
Organizations, which are the Aral-5yr Darva, Balkhazh-Alakel, Inysh, 1shim, Mura-Sarysu,
Tobol-Turgay, Ural-Caspian and Chu-Talas BWOs,

The Mimistry of Agriculture is in charge of agricoltural research and extension, and on-farm
agricultural and land reclamation development. This ministry 15 also responsible for the
monitoring of drainage, waterlogging amd zoil salininy conditions for the major irmgation
projects in the five southern provinces,

The Ministry of Municipal Affairs is in charge of domestic water supply and wastewarer
treatment, while the management of the main water supply network at the provincial and
inter-provincial levels falls within the mandate of the 3CWR,

The Minisury of Geology and Protection of Underground Resources, the Ministiry of Ecology
and Hinlngical resources, and the Hydrometzorological Service are also involved in the water
SeCLOT.

The Water Code, adopted on 31 March 1993, provides the framework for the regulation of
domestic, industrial and agriculiural water use, ensuring the respecung of environmental
waler requirements. I also opens the way [or the introduction of a market economy in
irrigated agricelwre, since it allows the creaton of WUAS at ihe Dnter-farm level and the
privatization of the district water organizations. Ierigation infeastrecture (on-farm network,
inter-farm secondary network, and equipment/machinery) may also be privatized.

TRENDS IN WATER RESOURCES MANAGEMVENT

Kazakhstan is very much concerned about water quality. At international level, Kazakhsian
collaborates with the Hussian Federation on this issue for the Irysh, Ishim, Tobol and Ural
rivers. Kazakhstan is also working with Azerbagan, Iran and the Bussian Federation on the
Caspian Sea waters. Here the issues inclede oil extraction, boundary definitions, fisheries and
the proposal for a programme 10 address the rising level of the Caspian Sea,

Kazakhstan's Caspian lowland 15 directly affected by the rising level of the E‘.a:.piun HSea. The
economic and environmental consequences of tas rise are numerous. Kazakhstan s asking s
neighbours and the mternational comminity 1o take or finance mitgating measures in view of
protecting coastal areas, agricultural areas and human selements from fooding. The creation
of levees, dams and polders are among (he measures envisaged. On the other hand.
Kazakhstan 15 also concerned aboul the drying up of the Aral Sea.

The mational water sirategy, which bas been prepared recently within the framework of the
regional water strategy, has defined the main objectives of the country which are:

- improvement of the water quality,

- supply of clean drinking water 1 the population,
- optimization of the flow regime for the ranshoundary resources;
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- implementation of measures to stop the drving up of the Aral Sea, particolacly us northern
part.

This last objective comprises: the rehabilitation of the Syr Darva delia in order o stabilize the
cosstal zone: increasing the Svr Daryva River capacity, notably downsteeam of the Chardarya
reservoir where the capacity is a constraing; construction of a dam (Berg Straif) 1o stabilize
and ingrease the level of the northern pars of the Aral Sea

The government is mterested m privatizing the O&M of the inter-farm systems. Although the
on-farm system of O&M was the responsimlity of the farm, the funds were previously
provided by the stte, Because these funds are no Jlooger available, maimenance of on-farm
facilities has been neglecied. Sprinkler irrigation, covering abowr 667 000 ha in 1990, fell
about F300000 ha in 1993, According o 2 World Bank reporg, almoest 680 00 ha of irrigated
land arc out of use because of: soil salinization; waterlogging; incomplete distribution
systems; improper farmung practces; houted npots such as ferulizers and foel; and in some
instances, lack of water. To address this problem, the govermment has initiated, on a piloo
bagis, the reansfer of the responsibility for water management o WUAs, which are semi-
autonomous, This process will be implemented with the privatization of the rrigated land.
The World Bank and 1he Asian Development Bank will assist the government in this initiative.

MATN SOURCES OF INFORMATION

Diesign Instinee “Kazgiprovodkhoz' of the Suie Commicee on Water Resources of Kazakhsian, 1996
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Basin. Almary, 150, {in Russizi

Bazinfocenter. 1%, Regional stafisiic vearbook of Kazakhstan in 1993, Almaty, 551 p. (m Ruwssian).

Stare Commines for Water Resources of the Republic of Kazakhstan. 1973 1 1994, Annual repons on
land reclamation and water use. Almaty, 200 p. (in Bussian}.

Stace Commaitee for Waer Besowrces of the Bepablic of Kazakhsian, 1994 The main figures on waier
use in Bonzakhsian in 19930 Almaty: 26 p. din Russion).,
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Kyrgyz Republic

GEQGRAPHY AND POPULATION

The Kyrgye Republic 15 a lamdlocked country in Central Asia with a motal area of
198 500 km®. It is bordered in the north by Kazakhstan, in the east and southeast by China, in
the southwest by Tajikistan and in the west by Uzbekistan, Tt became independent from the
Soviet Union in August 1991, The country is divided into six provinces (oblusis).

The country 15 largely mountainous, dominated by the western reaches of the Tien Shan range
in the norbeast and the Pamir-Alay o te southwest. The highest mountain is the Victory
Peak (Tomur Feng, 7439 m

above sea level) ar the eastern CAHLE 1

tip of the country, on the  pagic statistics and population
border  with Chim.  The [Rromis:

mountan sands in the Area of the eourtry 1994 19 850 000 ha

) v Cultivabie area 1994 10 100000 ha
Mual:nF massif, one trf_ the Cuhvatod s R 1 947 D06 b
world's  largest  glaciers, - arrwal erops 1954 1306 BDO e
mvel-jng 1579 kim?,  Abourt - pErmancnl crops 1984 A6 200 ha

Q4% of the country is located Populatian:
o Tartil poguilatian 1996 4 469 000 inhab.

at more than | 000 m above | o donsity 1996 23 mhab.m’
geg lewel, and 40%  abowe Fural populatsan 1996 Bl %
(0K e matin- Economicaly petive popdatian
3 . FI'I.. M'J-'-’.:h nf engajjed in agriculture 1998 3%
tmin region s permanently ol which: - man .
covered with ice and smow, - WAITHIN - %
and there are many glaciers mﬂlw:rtmmii — _—
" : papulatian
(eovering  about 4% of the Rursl population 1884 75 %

territory) The Fergana moun-
ain range, running from the
northwest across the country to the central-southern border region, separates the eastern and
central mountain areas from the Fergana valley in the west and southwest, Other lowland
arcas inclede the Chu and Talas walleys near the northern border with Kazakhstan, The
world"s second largest crater lake, Lake ls=yk-Rul, lies in the northeast of the country.

The cultivable land is estimared ac 10,1 million ha, In 1994, the cultivated area was estmated
at 1.34 million ha, which was about 13% of the cultivable area. About 97% consisted of
annual crops and 3% of permanent crops. A major programme of land reform s well
advanced. Most of the land formerly controlled by the 195 kofthoer (collective farms) and
275 sovkchoz (state farms) is being diseeiboted oo their emplovees and dependanis in the form
of certificates extending 99 years of land-use rights, This process is still wnderway with only
63% of all agriculiural land reported as fully privatized and de-collectivized. Agricultural land
i estimated ar 9.34 million ha, including at least 7.8 million ha of permanent pasiure. The
latest statistics available {1994 show that out of these 934 million ha, Aolfhor cover
2.56 million ha, sovifioz 0,89 million ha, private farms 171 million ha, and associations of
farmers (agriculural stock companies) 4. 18 million ha (Figure 1).
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TABLE 2
Water: sources and usa
Renewahle waker rescurces:
Average precipitation 553 T
1058 kel
Iriterrad Fenpwalile W (S 0Lrcas 46,45 ke iy
Tonal jactuslf ronyeepbile waker redoynces 1997 20,548 krn:'.".-'r
Dependersy rabo 1987 [4] L
Tetal {actual} renpwable water resoircas per inhaldeans 1996 4 BOn iy
Total daim capsty 1954 21 500 105 i’
Water willslrawil;
- agriculiural 15854 9 496 10" m i
- dpmasns 155 i | 0% mtyr
- industisal 1554 289 10" i
Todal water withd rawveal 10 B8 it |n:'|‘5'r
per Inhabitant 1904 2 2464 mtyr
g T ol Tarel |acten ranpwahla Woler Msoscos 4%.0 o
Qi her water wighokawal 19594 2] 10" |r\-:'|‘!.'r
Wastawater - Man-comvsentinal seucas al watar
Waslevater:
produced wastewadier 159549 g ilik m’n".lr
- TFRATAE WERTRE TR 1558 0,19 10wt
- re-ued reated vwastowaler 1554 014 ot ll:Jn"rl
Aqriculiural dranoage wator 1994 1320 10t m’:"..'r
Coemalirated witer 105 mP i

The wial population is about 4.5 million (1996), of which &1% is rural, The average
population density varies from & inhabitanisd km® in the eastern moumainous zone to about
70 inhabitants/km? in the north of the country. The annual population growth rate fell from
2.2% inm 1989 o [LE% in 1995, mainly because of the difficult economic situation prevailing
since independence and the migeation of part of the population away from (he Kyrgyz
Republic. In 1996, 31% of the economically active population was engaged in agriculiure. In
1994, agriculture accounted for about 33% of the country’s GDP, amd the contribution of
crop production o the agri-culwral product was abour 57%, of which 8% were irrigated
crops and 20% rainfed crops.

FIGURE 1
Land calagories

Tonnl: 3341 DO his 1 554
CLIMATE AND WATER RESOURCES o "

Folkbar

2T
Climate
The chmate m the Kyrgye Republic s
contimental  with  hot  summers and  cold Fa s Eaukhes
winters, during which frost occurs all over the T e
country, The frosi-free period is 185 days per .
vear in the Cho valley, 120-140 days per vear _,/
m the Maryn valley and 240 days per year in .
the Fergana walley, Double cropping is 2%

therefore  limited to vegetables.  Average

temperatures in the valleys vary from -18°C

in Janpary te 28°C in July. Absohue emperamres vary from -34°C in winter w 43°C in
summer. The average annual precipitation is estimated ar 5333 mm, varving from 130 mm in
the plains (Fergana valley) 1o over 1 000 mm in the mountaing, Precipitation occurs during
the winter season. mainly between Qctober and April, when temperatures are low,
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TAELE 3
brrigation mnd drpinnge
Errigrrticn pofential 1960 2247 304 i
Frngaticn:
1. Fufl ar partial conirod irmgation: enupped area 1553 1077 100 Jum
- auifasn irFigation 1504 1 0 100 s
- BprEkher g licn 1584 X7 000 ha
- ke Eriation 1954 ] b
M 0 prea irigarnd eom grouncsator 1554 DE %
% of ares rigated rem surface water 1594 o34 %
% iof area irigjated fom non-corwentanal sowces - %
% al acuipps araa acially irigated 1584 100 %
2. Ecuipped wetland and inland walley battams liw.b) . ha
3. Spato wngatan - ha
Tedal irgation {14+ 2 + 31 1984 1077 104 ha
- a5 % of cultheabsd aoa BOZ %
- IneneEs oer lasy 10 yaars 1983-24 +T4 T
~ poser imigafed ares as % of prigated area 15094 B.E %
Full or partial conbrol irmgaticn schemes: Cniema
Large-scale schomes = 5 {00 ha 1884 G433 200 ha
Mofiurn-cais gchames 1503 225 400 ha
Smak-scaks schomes = 1 (30 ha 1880 200 300 ha
Tonal rmimbar ol hevpshclds in bmigatan TG FOR HI5
Iniganad eropa:
Total imigated grain produgsiion 1504 F24 000 ]
as % ol total grain prodsction 1804 [234] o
Harsestod crops under erbgation 1854 107 100 ha
- Enare g Crome; Tosl L EE] 36 200 ha
+ armuwal crops: total 1804 1 040 900 ha
. Tadilad 1584 541 100 ha
. wehiral 1984 2289 000 ha
. barley 1994 TE 200 ha
. sprame and gunllawear 1594 GE 200 ha
. wiher annual crops 1894 137 200 ha
Cerainage - Enviraonmaend:
Crained area 1904 148 $00 ha
drasned orea in dull ar partsal consral erigated aroas 1994 145 G40 ha
- glranpd arda in gquipped watland and ik, - ha
- athay degives arap - ha
- area with subsurface drairs 1804 65 300 ha
= arpa with surace drains 19894 B 700 ha
Draingd args &5 % of cullivatad arap 11 ]
Poveer draired sea as % ol total droined pres - B
Arpa safinized by Frigatan 1994 G0 Q00 ha
Population affactad by watar-bama dsnasas . mhahitanis

Rainfed agriculure is therefore very limited, Snowfall constinstes an imporant parg of the
tatal precipitation. Abowt 10% of the territory, situated at the lowest altinede, 15 classed as

arid.

River hasins and water resources

The country can be divided into two hydrological zones; the flow  generafion zone
{m-nunmi_ns!, covering 171 BOO km®, or 87% of the territory; and the flow dissipation zone of
26 700 k™, which is 13% of the territory. Most of the rivers are fed by glaciers and/or snow
melt. Peak flows occur from April to July, with 80-90% of the flow n the period of aboun

120-180 days extending 1o August or Seplember,

There are six main river basin groups in the country. No rivers flow imto the Kyrgyz
Republic. The river hasins are, from the largest to the smallest (Figure 2):
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« The Syr Darya River basin, Called the
MNaryn River before it reaches the Fergana
valley, the Syr Darya flows 1o Tajikistan
and Uzbekistan. In Uszbekistan, the Syr

FHaUALE 2
Intmmal respwainbls perince sater mecurgng by dear
hamis

Total: $4.05 k.

Darya receives the Chakal, a wibutary -'-'U;:I
which rises in the Kyrgye Republic.
= The Chu, Talas and Assa river basin, All
three rivers flow o Kazakhsan, where the
prart mot withdrawn is lost in the deser, Chis & T
LT TR 15, 5%
ol %

The southeastern river basins. These consist

- o
of small catchment areas draining o China. v vl Tan
Thee main rivers are the Aksay, Sary Dzhaz TLY
and Kek Suw, and are siwvated at high )
elevations.

The Lake Issyk-Kul interior basin, The lake is low-saling and it is estimaced that all the flow
which is not evaporated is used for irrigation or domestic purposes,

The Amu Darva Kiver basin. The Amu Darya rises mainly i Tajikistan, but receives the
contribution of a Kyrgyz tributary, the Kyzyl Suu, in the southwest of the country.

The Lake Balkhash bazim, It consists of the small cachment of che 10 River, which rises in
the Kyrgyz Republic and flows 1o this Kazakh lake,

Ranewable Swrface Water Resources (RSWAI by major rivar basin

Favin Liadin Ringinn Pait o Inneima Cutllow 13 Pt 10 b Aol
L imE iy REWHR rasarand by AR
iremling

& [T TS m )y EI R ST,
Sopr Dlaryd WWaal 5.3 7.5 | Tapmistar and LDk s ban I2.33 4,53
Chu, Tales s Saem Mareh 1.4 H.83 Enrakhitan 203 4,50
Southeasiern Southeast 12.% LA Chira - 6,18
Lake bsspk-Foul Manheast 6.7 1.0 Imuatice basin - 1.5
Aimiu Diodya Soulhvameir 15 1.83 TajMisran 1.61 .42
Lake Balkhakh Plizat iz 5 a3 0.38 EaEikIdELEn - .38
Toeal 10 dd 05 Z5.87 18.18

The average natural surfoce water Oow 15 estmated ar 44.05 L;J:n]."}".-:ur, all internally
produced. The FEU allocated about 25% of hese water resources o the Kyvrgvz Republic,
with the rest going to the neighbouring republics of Kazakhstan, Uzbekistan and Tajikistan.
This rule did not concern the resources generated in the southeastern basing, since they flow
towards China, and the very limited resources generated in the Lake Balkhash basin, This
allocation has been re-endorsed by the five states of Central Asia, until a new water strategy
for the Aral Sea basin, which 15 being prepared by the Inerstate Commission for Water
Coordination, proposes another sharing. The surface water resources allocated 10 the Kyrgyve
Republic are caloulated every year, depending on the existing flows. However, on average, it
can be considered that they represent a volume of 1164 km'fvear. In addition, the
6,18 k¥ year of the southeastern basin and the 0,36 km*vear of the Lake Balkhash basin are
available for vse, giving a total of 18,18 km¥year of ARSWER,

g . k] 2

Ihe annual ]'l:[I:Iv.'."l.'-'iJ.L'Il.L‘ proundwater resources have been estimated ar 13,6 km'fyear, of which
about 11.2 kmivear is common o surface water resources. The groundwater resources for
which abstraction equipment exists (1991} have been estimated at 3.3% km™fyear, mainly in
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the Chu River basin (2.02 km*vear or 60% of the toral), the Syr Darya River basin
{0.73 km'/vear or 22%) and the Issyk-Kul depression (0.52 km?/vear or 15%),

The ARWE of the Kyrgyz Republic can thus be estimated at 20.38 km?/year.

Mon-conventional sources of water

In 994 the return flow on the terrisory of the Kyrgye Republic was estimated al
21 km].f:.'r:zr, of which 30% in the Chy Fiver basin and 7% in the Syr Darva River basin.
This total consists of 1.72 km'/vear of agricultural drainage water collected through the
collector-drainage canals, and abour (.38 Icmjs'}'r.:ar of municipal and indwstrial unireated
wastewater, Most of the return flow (1.8 k:ma."}'tar}l flows back 1o the rivers (0.3 hn"f}rear in
the Chy River and 1.3 kma-f]ﬂ:ar in the Syr Darya), and might be re-used by downstream
countries, while ﬂ.SI-:Jn!'.n'}'e:nr is directly re-used for irrigation, after o namral Jdesaliing
preatment {phytemelioration),

Lakes and dams

The tedal mumber of matscal lakes in e Kyrgye Bepublic s 1 923, with a total surface area of
6 800 km'. The largest lake is Lake Issyk-Kul with a total area of 6 236 knt'.

Drue oo the glacier and soow origin of most of the rivers, low and woreliable flows are often
the mule in the months of August and Seprember. which correspond o the Tawer part of the
grovwing season. Regulation of these flows is thus needed o ensure that adequate warter
supplies are available over the whole cropping period.

In 1995, the tal capacity of reservoirs was estimated at 23.5 k', There were I8 reservoirs:
6 i the Chu Eiver basin, with a todal capacity of 006 k.mﬁ; 3 in the Talas Biver basin, with a
tal capacity of 0.6 km': and 9 in the Evr Darva River basin, with o fowal capacity of
223 km'. The Tokwgul dam, with a reservoir capacity of 19.5 km', is situated on the Maryn
River, a morthern eibutary of the Syr Darva. It is a multiporpose dam for icrigation,
hydropower production and flood protectionfregulation. However, due 10 its location near the
horder with Lizbekistan, it does not play an important role in the irrigation of areas within the
Kyrgvz Republic. The same applics to the Kirov dam, which has u capacity of (0,35 km' and
is located on the Talas River near the border with Kazakhstan.

The gross theoretical hydropower potential in the Kyrgyz Republic has been estimated in 1985
at about 162 500 Gwhivear, and the economically feasible potential 15 estimated ar albor
55 000 GWh'vear, The hydropower installed capacity is estmated a0 abour 3 GW, a number
of hvdropowerplanis being part of the Marvo-Svr Darya cascade, controlled by the Tokiogul
dam. Hydropower plays a key role in the Kvrgyz Republic and is the country’s main source
of energy {about 90% of electricity generation in 19931, given its limited gas, oil and coal
resources. However, hydropower prodoction releases water mainly in winter, while the
downstream countries would need water for the summer cropping season. Al regional level,
compatition betwean irrigation and hydropower appears to be a major issue. An agrecment
was reached with Uzhekistan and Kazakhsian in 1996, These iwo countries will transfer
energy, coal or gas to the Kyrgyz Republic in the period of power deficit, 1o compensate for
the non-use of water for hydropower in the winter period.
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Water withdrowal and wastewater

In 1994, the twotal water withdrawal was
estimated at 10.1 km’ (Figure 3], ncluding
the re-use of drainage waters. The total water
withdeawal  increased  progressively  from
1970 o 1990 (Figure 4), The average anoual
surface water availabiliey for ierigation in the
period  1983-1992  was abour 190,77 k',
although the water requirement had  been
evaluated at 1033 Ich, lzading to an overall
irrigation water deficit for the country of
(1.0 ]u-n". In some basins (Syr Darya, Chu,
Talas) there was a fairly severe water
shortage, while in other basins (Amu Darya,
Issvk-Kul, southeastern) there was a surplus.

In 1994, more than 006G km® of water was
withdrown  from  groundwater  {Figore 5.
Other water neads, muinli; for fisheries, were
estimated a0 % million m™year in 1994, A
prospective analysis shows that in 2010 the
water demand might be 1307 hn:'."_'.-'i:ur-
which excesds the current allocation.

IHRIGATION AND DRAINAGE DEVELOPMENT

Irrigation development

FIGUFE 3
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Charactaristics of the irégasion schamas §15950)

Sira Bigmhbes of Tona? ares ol fAwvarans area ol Fumber of Bhanbar od
- sChimies soiemes ihal Sl |El:l I i B i b2 bigiszhio. ha
amal { <1 ooE kal L] 208 3K 170 ARG 400 24
Modism §1 03065 D03 hal 101 228 403 2270 648 430 2.8
Large ('S D00 hal 71 E43 300 3 Qa0 1 =8 500 2.8
ToLal 1 348 1 077 10 L IHE] 2 B23 3 2.8
The inter-tarm irrigation network 15 generally FIGLRE 0

well maintained, particularly the main canals

Typalagy of krrigation oanals

- H I
downstream of the large storage dams, The "0 12ESkninlss

distribution necwork within the Eoftho:r and
svihez s generally poorly designed, built
and maintained. Seepage and leakapge losses
in the distrbution system are considecable,
resulting im0 a4 convevance/disteibuticn
efficiency estimated at 353%.

Concida
lrd-Y

g

The average cost of surface  irrigation
development (1993) varies from SUS 5 80
ha for small schemes to SUS B 300/ for
medium schemes  and  SUS 11 &0'ha  for
large schemes. The respective costs  for
sprinkler irrigation are SUS 6 900, 10 400
amd 14 200Ma. However, these ¢osts vary
substantially depending on the physiographic .
conditions, In general, the costs are lower in
ihe Chu valley and the Issyk-Kul depression
and higher in the Syr Darya valley, which is
more mewntainows, Fehabilitation cosis vary
between SUS 2 400 and 5 000/ Ta,

FIGURE 10
Irrigation achmme sim
Toal: 1 02 600 o 1500

= S000 ha

The anmueal Q&M cost which would enahle o

full cost recovery is estimated at SUS 350/ha,
but the actual operational costs have nol
excecded SUS 60Wba in the last four vears. In
the past, farmers were nol charged for waler,
although the land s was two or three inmes
higher on irrigated land than on non-irrigated land of similar quality. However, the financial
siteation has changed dramatically and the Ministry of Water Resources 15 no longer able o
cover irrigation costs from general tax revenues. In 1992-93 o water fee was imposed on the
kolkfoz and rovkhoz,

In 1995, the Ministry of Water Besources proposed o water charge equivalent o
SUS 0.6/1 000 m°. to cover the O&M costs. Parliament approved  the  equivalent of
SUS 0,10 000 m?, an amount which was divided by three for supplememary iccigation during
automn and winter seasons. In 1995, only 29% of the charges due were collected,

The major ictigated crops are fodder crops and cereals, mainly wheat (Figure 11). Other

figures show that only 732 000 ha, instead of 1077 100 ha, might have been harvesied on
irrigated areas in 1993, Although the yields for irrigated land are generally low by world
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FIGLEE 11
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standards, they are about two w five omes hicher than vields on non-irmgated areas. The
average vields for wheat, barley and rye are, respectively, 2.2, 2.2 and 1.9 vha on irrigated
land and 1.1, 0.9 and 1.0 t/ha on ramfed Lland.

Walerlogging, salinity and drainage development

In 1994, abour 60 000 ha were saling hy Central Asia standards (toxic ions exceed 0.5% of
idal sl weighth, In addition o this arex, which can be distinguished into 34 200 ha
moderstely saline and 25 800 ha highly salme, a further 63 400 ha were slightly saline. In the
Chu River basin, about [53% of the irrigated area is considered saline, while this figure falls o
5% in the Svr Darya River basin. The waterlogged area was estimated at 89 200 ha in 1990.

It is estimated that 750 000 ha of iecigaed FIOLRE 12
land would need drainage. AL present only  Ovainage techniques
149000 ha  have been  equipped for  Tommb 143000hain 1853
draimage.  Subsurface drainage has been

developed mainly on newly reclaimed arcas

in the north and southwest (Figure 12}, With

the very restricted budget of the Minisiry of
Agriculture and  Water Resources. 0 15

unlikely  that the state will be. able 1w

maintain and operate e existing drainage F-';]:*
system effectively, or o improve or exiend

it. For this reason, saliniy and drainage

problems are likely w0 worsen in fhe near

future.
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INSTITUTIONAL ENVIRONMENT

The Ministry of Agriculure and Warer Resources (formerly there were wo separate
iinistries) 15 in charge of waler resources research, planning, development and disioibution,
aid vndertakes (he construction, operation amd maintenance of te wrigation and drainage
networks at the inter-farm level of (he countey. Water allocatons are regolarly reduced in
order o promole savings and 1o satisfy the demand from new wsers. In the case of the Syr
Darya River basin, ong of the objectives is also 1o incrense the Mow o the Aral Sea.

In the past, irrigation systems were designed and operated to deliver water to the large
sovidior and Lolkhor and it was a relatively easy task for the Minstry of Water Resources to
deliver water to éach farm. However, witly the increasing number of small farms that has
resulted from the privatization programume, there is a need for instingions which provide
rechnical support o farmers, and which are in an imermediate position berween the Minisiry
of Agriculiure and Water Resources amd the farmers,

Article 18 of the pew warer law (54 January 1994) includes specific provisions for she
establishment of WUAs which would receive water trom the Ministry of Agriculture and
Water Besources and allocawe it ameng their members. They would have legal status, be
independent of the povernment, be able 1o collect taxes from ther members, borrow funds,
and fake appropriate aciion o mamnton and upgrade Cihaeir’ pacts of the rrgation system,
which are the on-farm sysiems fommerly operated by the sovdhoz and Rofthor.

The Ministey of Municipal Affairs = pesponsible for demestic water supply and wastewater
Lreatment.

Monitoring of surface water  guaniity  and  quality  is carried  om by the RKyrgyve
Hydromereorological Agency, while the svatematic exploraion, investigation and monitoring
of groundwarer is carried out by the Stae Comminee for Geelogy and Hwdrogeological
Expedition.

Ab international level, the Kyrgye BEepublic is a member of the Syr Darya Fiver BWO, IOWC
and [FAS.

TREXNDE IN WATER RESOURCES MANAGEMENT

The Kyrgyz Republic is endowed with sufficient quantities of water of excellent quality for
domestic and  industrial wse for the foreseeable future, Due o commitments owards
downstream countries, water avallability 5 bkely w become & constraint on expanding
ierigation, extending land reclamanion. and improving productiviey of irrigared areas, unless
there are significant improvements in efficiency, and & major effort made o increase water
consarvation.

The main environmental problems in the country are related to: the water pollution, due o the
poor quality of the existing plants for wastewater treatment; the absence of treatment for
saling remern flow from agriculural land; and possible contamination from the rodicactive
refuse inherited from the Soviet period.
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Ciber environmental problems are relaced e the observed reduction of glaciers, which might
lead o a reduction in fow; o soil erosion and the resulting silaton of reservores, which o
the possibility of flow regulation; and o e increase of soil salinity, which nught become a
constraint on farming.

Accordiog o the agriculiural sector review of the World Bank (1995}, the (ollowing thres key
issues peed mmediae anention 1o secure the sustainabiliny of irrigatien in the Kyrpyz
Republic:

- Mew instilutional arrangements must be made at farm level o manage and maintain the
distribution of water within the former sovkfoz and bolbfoz as Farming units are privatized.
For this, the need to create WUAs has been fell. The new water law already provides a
framework For this, but the establishment of such WUAs will require further attention.

The fmancing of &M of the existing systems must be secured and obtaned largely from
water users. The pew water law has a section devoled w water fees and faxes, There are
charges for water use, for the service of providing water (collection, transport, distribution
and purification) and for the discharge of polluting substances into water. There are also
provisions for increased fees if water consumption rates exceed forecast levels. There are
alse fee exemptions for the use of water-saving technologies and other waler conservation
IMEASKICS.

Environmental degradation of the irrigation systems and the irngated lands must be puarded
against through increased effons 1w unprove draivage and o reduce saliniy and soil erosion.
For this, a programme w improve iregation efficiency and reduce water applications,
especially in the higher lands, is needed. The sweep slopes of the irrigated lands in the
maountiin areas with shallow sods should enable the conversion 1o sprinkler or micro-
irrigation methods, especially where water under pressure can be provided.
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Latvia

GEOGRAPHY AND POPULATION

Latvia i5 one of the three Baltic states. 11 is bordered in the northeast by Estonia, in the cast
by the Russian Federation, in the southeass by Belarus, in the sowth by Lithuania and in the
west and northwest by the Baltic Sea and the Gulf of Riga. Its to1al area is 64 600 km®, The
country became independent from e Sovier Union in May 1990, Administearively, i is
divided into 26 districts and 7T district towns,

Latvia consists of @ con-  rape
tinental part in the east and  Baskc statistics and population

the  Kurzeme  peninsula Physicnl arens:

; The M of the country e & 460 000 ha
f[‘:uﬂﬂﬂﬂ} in the "u':'ESE. Cuillivabile area 1594 2 540 300 ha
continensal CONSISES of Cultivaied aren 1944 1213900 ha
morginic uplands  that  are - U 2IOpE L V152000 ha
or d h].' several 0 - pErinarEnt crops | B4 21 900 ha

" ) Papdation:

ﬂﬂ'ﬁ-ll‘lg to the lowlands, of Togal papudazian 1944 2 G044 GO0 inhab,

which the main ones are the Papulation density 1994 39 ik, km®
& Rural popelatian 149498 27 %W

]i_laugav:'-.l, ':I'Hﬂ:ljﬂ- and Sﬂh:‘a EcsanGmicalhy aclive popdilalicn

rivers. The highest point of Brgnged in sgicuEure 1994 14 3

the country 5 the al wdich: - man 145% 65 9L

Vidzeme uplands with an rm— o i E

altitude  of almoest 312 m Urban gu::i:::mw 1994 an W

above  sea level.  The Rural populatian - %

comtinental part is separated

from e peninsula in the west by the Lielupe REiver, which flows through the Zemgales plain.
In the peninsula are the Kurzeme uplands, which are lower than the coontinental uplands and
crossed by several rivers, of which the Yenm Biver is the most important. The highest poim
in these wplands 1= at L4 m above sea level, About 57% of the country lies below 100 m
above sea level and only 2.5% lies above 200 m.

The cultivable area is estimated ar over 2.5 million ha, which is 3%% of the 1wl area of the
countey, Tn 1994, the cultivated land was estimated ai 1,2 million ha, of which over 98% was
covered by annual crops. The seils in Latvia are generally not very fertile, Around
230 000 ha are threatened by wind erosion and around 30000 ha by water erosion.
According o various estimates, marshes cover 3- 10 of the tal area of the country. Some
swarnps of peat ground reach g depth of 5 m. The tertile marshy bluck soils can be found only
in the Zempales plain.

Uneil 1989, 60% of the ared was cultivated by kofkhaz (collective farms) and 0% by sovkhog
fatare farms). In 1989, as a result of the proclamation of the “Act on Land Reform in Rural
Argas’, private farms started developing. In 1994, the private sector, including peasant farms,
household plos, private auxiliary farms and private fruit gardens, cultivated over 1 million ha
(Figure 1}. The average size of private farms does not exceed 20 ha,
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TABLE 2
Water: sources and usea
Renewables water reaources:
Aupragn frenananon 743 T
480 kmhyr
internal rerewabile waber resounces 16. 740 km* iy
Taral (actuall renawalilp spater resounsas 1997 35,4449 kl'II:."fT
Dependency raio 19497 B2E %
Taral (acruall renpwallp SWaLEr MeEoUreRs par inhahitsnn 1996 14 157 iy
Tatal dam copsciy 1988 1 O50 108w
Wi'mber withdrawal;
+ mfrecu hural 1994 a6.a 1a® m:'.'-.lr
- dumasts 19894 1571 10" miy
- industrial 1994 1.8 105 mihr
Taral warar wiakelrasaal 7852 10% m'ivr
per inhabitant 1994 111 miiyr
as % of 1otal |actual rereswable water resaurces 0.4 %
Criber wates withdrawal 1954 148,01 10" mliy
Wiasiwwater - Nan-covventsanal sources of witar:
Wasiewater:
. prodl o wnstesater 1954 216,48 iof m’n‘-.'r
- treated waslewater 1954 BE.7 10" mliyr
re-used ireated wasiewaber 19594 1.8 iy m’n‘yr
AgriciuMural dosnage watar 8 ":" ""I-"rr
Desalinaied wabsr ot l|1:'|‘!.'r
The wotal population s 2.5 million {1996, of FIGURE 1

which 27% is rural. The population density s
39 inhabitams/km’,  In 1994, about 1.3
million people lived in the seven disirice
towns, 837 000 of them in the capital Riga.
During  the 19305, the annual  population
growth averaged 0.3%. In 1990, it was only
1%, while i 1994 00 was negative, -0.7%.
This decrease 1= related, on the one luowd, w
a reduced natural population growth, and on
the other, to the fact that people of other
natipnalities {in particular Bussians, but ulso
people from Belarns and Ukraine) have been
leaving Latvia. In 1996, 14% of the eco-
nomically active populaton was engaged in

Laml salogeries
Total: 1 348 500 ha in 18894

By Hf:'_:r
L2 P Rl -
it}
ik
el Pamar: fara
LTI i3 7%
1%
Pervmir
EILE S ]
farm
LHA-L ]
5 el T
Hraceted]
paig 'JI':"d_::'
A% N

agriculure, with women making wp 33% of the agriculiwral labour force. Abour 13% of all
employed women amd 24% of all employed men were engaged in agriculiure. Agriculiure,
including fishery, forestry and hunting, accounted for almost 8% of GDP in 1995,

CLIMATE AND WATER RESOURCES

Climmate

The average annual precipitation, including snowfall, has been estimated at 743 mm. Four
climutolozical regions can be distinguished in Latvia:
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TABLE 3
Irrigation and drainage
Irrigaticn potendial . hia
Irrigatice;
1. Fudl ar partial conircd srgaton: eouipped area 19495 20 0on Ia
- surface wigation 19496 . hia
- aprinklar iivigation 19595 20 000 lha
- micro-irigation 19495 " 1]
% o ares ivigatad fam groundeates 1995 o k)
% of anea irigated from surfaoe water 19495 oo L3
P of g irigated Tram non-canyenlional sources 1996 0 %
% of eguipped sea actually irgated 19456 hEule] U
2, Equigpad watland arel inland waloy Bomioma 4.y b - ha
3. Spate irngabion . ha
Toeal imigaticn (1+2+ 3 1995 20 ol Tia
- 85 W ol cultivated aes 1.6 5%
~ ricreass ower last 10 years 19E6-96 176 %
- pveinr irigated aroa Be W ol Fngaed area - %
Fidl ar partind contrad irrigation schomas:
Larga-scale siluwmes - |
Medivm-scohs schemes : ha
Srikll-2c-m02 pilidmag - ha
Tatal rumiber of housshofds i imgation -
Irigated crops:
Tatal irigatad grain produstian . r
as % ol total grain production - %5
Hasyeatad craps ungdar imigagion 1955 20 00 ha
- permaneet crops: botal 195 4] ha
« arnisal crops: tetal R 20 Ol ha
. pataloes sad vegalablos - ha
. sugar beet ha
. cthiar anrmial crops ha
Drainage - Enviranman
Drrained arag 1555 1 583 404 ha
- draned area i full or pantial conbred Fngated areas . ha
- draned oras it equpped wallard and iv.b, {F]
- ather draired sy . hia
- Bied wilh subsurlace dring 1584 1 490 300 hia
- aren with surface draing 1585 23 100 ha
Orained area a5 % ol culchvoted @mes 13 B
Powdr dignigd area as 5 af qotal drared area - ]
Area salirized by irigation - i
Fosulation affactad By warer-norne disenses . mhalitans

= The coastal region, covering 23% of the country, includes the Zemgales plain and the whole
coastal region from Lithuania o Bstonia, The average aonual precipifation is 600 mm. The
average temperature varies from -35C in January w0 16.55C in July, Humidity is low,

- The Latgales region, covering 28% of the country, includes the southeast of the country.
The average annual precipitation is 700 mm. The average temperature varies from -7°C in

January to 17°C in July. Humidity is high.

- The Vidzeme region, covering 30% of the country, includes the northeastern inland part of
the country. The average annual precipitation is 700-8530 mm. The average temperature
varies from -7°C in January to 16.5°C in July. Humidity is high.

- The Kurzeme region, covering 17% of the country, includes the inland part of the Kurzeme
peninsula, The average annual precipitation is 700-850 mm. The average temperature varies
from -4°C in January to 16.5°C in July. There is medium humidity.
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For agriculture, drainage is more important than irrigation. Over 90% of the agricultural land
in Lavia can be intensively cultivated only if drained. Irrigation is generally supplementary
irrigation.

River basins and surface waler resources

Depending on the physical and geographical condivions, a large part of the river discharge
comes from eifer snow melt, groundwater or direct surface runoff. Abour 50-35% of the
waters of the Daugava, YVenra, Lielupe and Musa rivers is meled snow, while for the Gauja
and Aamata rivers it s 35-40% . About 10-20% of the flow of some tributaries of the Liglupe
(Memele and Svere) and the Adviekste weibutary of the Davgava is fed by groundwater, while
for the Daugava and Gauja rivers ot s 3540% . In the Kurzeme peninsula and in the middle
uplands, direct surface runofl accounts for #0% of flow of the rivers, while in the Zemgales
plain it represams 20-30%

The country can be divided into eight river FIGURE 2

P ] % Intarnial ranavwable st walar
Gazins (Bigure 2): resources by msge river basin
. . Tedal: 18,54 kmn :'".lum
= The Davgava basin. ls al area s

&7 900 km”, of which 28% is located in S e

Larvia. The Daugava River rises in the 2.

Russian Federation, flows through Belarus Comtsl wesl e
A%

(where 1t s called the Western Dvina),
enters Latvin in the southeast and fows

northwest o the Gulf of Riga. Several .

iributaries enter the Davgava River inside

Larvian tecritory, including four large ones: P

Ogre, Aiviekste, Dubna and Rezekne. e o

The Gauja basin, [ts todal area 15 E 900 km:,

of which B8% is sitvated in Latvia, The Gauja River rises in the Vidzeme upland and flows
east, then turns northwest, becomes the border hetween Latvia and Estonia for a shon
distance, and then flows southwest to the Gulf of Riga.

The Salaca basin. [t covers the north of the country, near the border with Estoma. Its total
area 15 3600 km™, of which 92% 15 located in Latvin. The Salaca Fiver rises in Lake
Burtnicks in the north and fows west w the Gulf of Riga.

The Lielupe basin. Iis wdal area s 17 &00 kn'. of which 50% is siwated in Lawvia, The
Lielupe River rises in Lithuania, enters Latvia in the south and flows north o the Gulf of
Riga through the most fertile regions of the country. [t has many tributaries. the most
imporiant being the Memela, Jecava and Svete.

The Vents basin. Its total area is 11 800 km®, of which 67% is situated in Latvia. The Vema
River rises in Lithuania, enters Latvia o the southwest and flows nocth through the Burzeme
lowlamd 1o the Balue Sea. The Venta bas many ributaries, but only one of them, the Abava
River, exceeds 100 km in length
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- The coastal basing berween Lithuania and the Venta, Their todal area is 3 100 km®. This area
includes rivers such as the Barta, Durba, Biva and Uzava, which flow o the Baltic Sea,

- The basins within the coustal lowland, en the opposite shores of the Gulf of Riga. Their
combined area is 3 300 km™. This arca includes rivers such as the Irbe, Stwonde, Roja,
Svewpe and Vitupe,

= The Velika basin. This basin consists of a number of smaller rivers flowing into the Velika
in the Russian Federation. Its area within Latvia is 3 2000 km™. The total discharge of the
Yeltka amounts o 4.2 l:‘.m:'.f_',':ar, of which 16% is generated within Latvia.

The total IRSWR are estimated at 16,540 km*fyear, incoming surface waler resources at
18.709 kan'/year,

Benewable Surface Water Besources {RSWE by major niver bhasin

Hame ol Area within Latvis | IASWHR Inflow Tatal REWE | Cutflow

river basin km* 4 of todal| ke ivear | kmipear fram krn”Ppear t
Dawgava 34 FO0 18z G.000 14000 | Bel{14.3); Lich.15.E] 20,300 Sea
[EETERE 7 800 12.0 £.270 0313 | Edlonia 2.560 Sen
Salaca 3 300 6.1 1.510 0389 | Estonia 1.609 Sen
Liglupg g B00 13.6 1.540 2.0 Lithiiamnda 2540 Sah
YWaiila 7 800 12.2 1620 1300 | Lighudina 2.920 Sen
Coastal west 5 100 1.5 0.890 0. 210 | Lithuania 1.100 Sea
Coaanal narth F aan h.5 .00 - 2.040 Sen
“Welika T 200 5.0 0870 - QETD Bunsian Fed.
Total =3 G000 13630 | 16,540 18,7049 ah, raqs

Groundwater resources

The internal renswable groundwater resources are estimated an 2.2 I-:ml.f}lr.ar. Part of |the
groundwater flows to the sea or 15 withdrawn by wells, and part is drained by the surface
network. That part of the groundwater flow which does not contribute 10 the towl IRWR
foverlap) s estimated a0 2 h:mJ.l'yen.r. Crroundwater use is estimated ar abour 300 000 rnj-":i.w.
In some regions, rapid depletion of the water table is observed. Quite a large quantity is used
by cities. In the Jirmala area, close to the capial Riga, the groundwater is famed for its
medicingl qualities (thermal baths).

International agrecments

Under Sowvier adminisiration, no agreements existed with neighbouring republics. Being
independent, agresments ace now recognized as a necessity, An agreement with the Russian
Federation and Belarus concerning the prevemtion of pollution of the water courses in the
Daugava basin is under preparation, as is an agreement with Lithuania on the prevention of
water pollution in the Lielupe, Venta and Barta rivers. No agreements on water sharing exist,

Lakes and dams

There are about 2 250 lakes with a total area of about 850 km®. About 36% of them are
locared in the Latgales upland in the southeast of the country.

Dams have been construcled for two main reasons: o control flonds and to build hydro-
electric power stations. Before the Second World War, about 304 such stations had been buile.
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After the Second World War, the construction of another 347 small stations was planned, burt
only 267 were built, At present, no small power satons are functioning, though the
reservonirs still exise.

Three large hydropower dams haw: been constructed on the [.'laugnv;l River, with a woral full
TESECYINT Capacity |:|-r 1.005 km” and a surface area of l{I] O km'. The Kegums reservodir, with
an area of 24.8 km® and a full capacity of 0.157 km®, was constructed before the Second
World War. Since the Second World War. the Plavinas reservoir. with an area of 34.9 km®
and & full capacity ﬂl’ 0,509 km®, and the Riga reservoir, with an area of 42.2 ken® and a full
capacity nﬂ] 339 km', have been construcied, The total dam capacity in Larvia is estimated at
1.050 km'.

Water withdrawal amd wastewater FHEURE 3
Waier withdrawsl

. . 2
In 1994, the wal water withdrawal for W el St Tl e el

agricultural, domestic and mduqmul purposes
wis estimated at 285.2 million m*, of which
about 12.7% for agriculwre {Figure 3). Other
water use, including water use for hydro-
power, was 149, 1 million m'.

o g L
12,7%

In 1994, the total quantity uf produced
wislewaler wux» 215.8 u‘ulllunlll. of which
119.4 million m’  were classed  as  clean
without treasment, while 6.7 million m”
were treated o omeet the quul]}r standards.
The remaining 297 oullion m° were ol
treaned, The largest quantity of unireated wastewater flows into the Davgava and Liclupe river
basing, In 1994, ihe voral quantity of re-used reated wastewater amounted o 11 E million ',

3% 0%

According o hydrobiolegical and hydrochemical data, B53% of all surface water 15 shightly
polluted or pollued. Ewtrophication is the main problem, caused by untreated municipal
wastewater and runoff from agricultural lands.

IRRIGATION AND DREAINAGE DEVELOPMENT
Drainage development

The more impontant works connected with land drainage started in the eighteenth century in
the cast of the country. AL the beginning of the nineteenth century, large-scale hydraulic
works were carried out on the Bera, Auce, Riva and Liclupe rivers; dikes were built along the
Foja, Abava, Fiva and Pededea rivers; and the Starpinupe canal connecting Lake Kanoris
with the Gull of Kiga was comstructed, In the middle of the nineteenth century, a canal
connecting Lake Lubans with the Aiviekste River was constructed. Subsurface drainage
started i 1850, Unal 1924, all hydreaulic works were carried oul withoutr the wse of any
machinery. In 1924, machines and excavaors were purchased, which facilitated  the
excavation of cross-cuts, made it possible to straighten riverbeds and 1o shape new ones. The
first land improvement act was passed n 1937,
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By 1995, almost 1.6 million ha, including
agricultural land. meadows, pastures and land
uged for construction, had been drained
iFigure 4). The area has no increased during
the [last five vears because of fnancial
problems.  Most  of  his  area,  almost
1.5 million ha, has  been  provided  with
subsurface drains, using ceramic or polymer
pipes (Figure 5. The state only finances
improvements  and  omaintenance of  the
svstem. For 1996 and 1997, 5U5 3.3 mullion
has been earmarked for these purposes, In
spite of financial difficulties, there are two or
three specialized companies fumctioning  in
each distreict, These companies carey  oul
improvements  and  underiake  mainenance
work on individual commissions on private
tarms,

In 1994 fodder crops covered a large part of
the drained area (49.5%), followed by cereals
(40.9%), vegetables and potatoes (£.2%) and
irdustrial  planis (1.4%) (Figure 6}, The
drained lands produce 0% of all vegerable
production, Tt s assumed that, generally,
crop yields on draimed land are 20-23%
higher than those on undrained land. In 1992,
e vield of cereals on dromed lands was
213000 ha and exceeded those on undrained

lands by L.0O-1.5 tha, Calculations by the
Land Improvement Administration at the

TSN PECIntES

FIGURE +

Evaluticn al thae drainod aren
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FHaURE &

o

Dirainage techrigques
Tacal: 1 582 400 ha in 15395

Minisery of Agriculmere reveal that, inorder o fully cover the country’s demand for cereals, a
further |30 Q00-200 000 ha should be drained and 200 000 ha manared with lime every vear,

FIGLIRE &
Flain crops on draved areas
Totalz 1 184 GO0 ba in 1854
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Porstoes ofed wegetsl s m

Ersusand el idic
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Irrvigation development

In order to increase vields, improve quality and secure production, experiments with sprinkler
irrigation on vegetable plantations, early potatoes and sugar beet started in the 19705, The
first sprinkler systems were installed on the ‘Petermickl” experimental Tarm an the Jelgava
district and then on the “Uzvara® kefthas in

the Bausks disrice and on the ‘Kekava® EMSURE T

kolbhor in the Riga disrict, all in the Evalution of imigsiion

Zemgales plain, At present, the irrigaced area

covers abour 20 000 ha {Figure 7). All o

irrigation  is  sprinkler  irrigaticn,  and

irrigation in general 08 supplementary - =
irrigation,  The main  irrigared  crops  are g
potatoes, vegerahles and sugar beet, E e
g
= L4
INETITUTIONAL ENVIRONMENT
Ii:ﬂ.'.'s 19.&'.'1 IEIEE 1550 =85

The following institutions are volved in

WHler resOLUrces mamigement: -

- The Ministry of Agricullure s responsible
for water management. It includes e Depactment of Lond Beclamation in Biga and lecal
departments noevery district. O beball of the local depariments, a laod amprovement
specialist supervises the drainage networks of two or three communes. The Tunds allocated
for the reconstruction and mamtenance of the networks are managed by district depantments
and are allotted after consultations with farmers” organizatons Onanly the Latvian Farmers
Federation).

= The Ministry  of Eoviconmemal Protection  and  RBegiopal  Development,  with  the
Environmental Prowection Deparoment, collects information on the quantity and guality of
warer, and is responsible for preventing potlution of water, agricultural land and air.

- The Ministry of Power Engineering is responsible for the hydroelectrnc power stations.

= The Lavian Hydrometecrological Agency deals with recording the water gquantities of the
rivers, lakes and reservoirs,

= The Melioprojects Company WU in Riga keeps all the records concerning the process of
land improvement. There are detailed maps, w0 a scale of 1250 000 and 12100 000, of
particular disricis, wirth newly drained areas,

= The Latvian University of Agriculiure in Jelgava carries oul large-scale scientific research
o drrigasion and lamsd reclamarion.

- The Lotvian State Research Institwe, Agricolture Polymers and Water Mapagement in

Jelaava deals wil matters of Lnd reclumaton, protection of the water against natural and
amtropogenic pollution, asd hydraulic moedelling,
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= The University of Lavia in Riga conducts research on hydrology, climate, geography of
water resources (Faculty of Geography) and in environmental sciences  (Faculty of
Geography, Centre for Eovironmemntal Swdies), It colleces staistics and information on
waler manazement, agriculiure and rrgation.

TRENDS IN WATER RESOURCES MANAGEMENT

A top priority for the 1995 Mational Environment Policy Plan for Larvia is the environmental
protection of water courses in the Baltic Sca basin, since 85% of the surface water resources
are classed as either slightly pollwed or polluted, Ewtrophication is the most important

problem,

Another task is 10 extend the agriculiural period through faster draining during spring. Since
1991, there has been no drainage development at all in Latvia. Over 66 000 km of drainage
ditches (almost all the existing ditches) require rehabilitation. During the next ten vears, it is
planned o drain an additional 150 000-200 000 ha in order to achieve self-sufficiency in
cereals.
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Lithuania

GECGRAPHY AXD POPULATION

Lithuania, with a total area of 65 200 km®, is one of the three Baltic states. It is bordered in
the west by the Baltic Sea, in the north by Latvia, in the east and southeast by Belarus, in ihe
southwest by Poland and the Russian Federation. It declared its independence from the Soviet
Union in March 1990, For admimstrative purposes, Lithuania is divided imo en districts.

Lithuama 15 part of the east European plain. Within the country, lowland plains afternate with
hilly wplands. From west to east, three lowland plains can be distinguished: the Pajuris,

middle lowland axd eastern
lowland. Similarly, there are

AR TaBLE Y
three uplands: the Zemaicial  Basic statistics and popiilation
(or Balticy, Aukstaiciai and Plypsical areas:
eastern uplamnd. The peak of [ Ares of the courry Vai4 6320000 ha
. P - Cultewabile area 1995 38256 TEE ha
the highest hill is ar 293 m Oulthrtad orog 14 ZE71517 ha
ahove sea level, - Al craps 1584 ZH1ATIT ha
© [EHTANENT CIOpS 19443 5 EDD ha
s F = Popudation:
¥ C501-
The cultivable area is est Tetal populaticn 1996 3728000 mhsh.
mated ot about 3.9 million | papasion sensisy 1946 57 inhat_fum’
hﬁ. which is &0% of the wotal Aural papudation 1 2ag 3T
e . Exoncenically active popalancn
area of the country, In I3, 1 o in pmeunise 1995 T
the cultivaied area was af which: - men -
estimated  at almost 2.6 | e =
million ha, of which 8% | Water supply covesage:
) X . Lk paapuiation a
was  coversd By annual Rural papulation 5,
crops,  The  cenral  and

western parts of Lithuania

are the best regions for crop production, especially the middle lowland. This region was
almost entirely exploited before [Y39-194%1, in order o supply cities such as Moscow and
Saint Petersburg with agriculwral products.

In the Sovier era, agriculiure was collectivized and orgamzed in large-scale farms. Adfier
independence, agriculure was restreciured and the Jand remwmed w bs former owners. The
structuirg of Lithvanian agriculiuee is now characterized by three different tvpes of farming. In
1995, private commercial farms cecupied some 33% of the farmland, Collective commercial
farms occupied some 20% of the farmland, Smallholdings, with an average size of 2 ha,
occupied another 21 %, The remaining 265 was under statc ownership, rented out 1o various
types of farms (Figure 1). The restructuring process has nod yet been completed and legal
titles for most of the land are sull not settled.

The woral population s 2.7 million (1996), of which 27% is rural, The average population

density s 57 inlml:rit:mls.-"kunz. but varies from 28 inhabitanskm® in the Utena district 10
almost 95 inhabitantskm™ in the Vilnius district, where the capital Vilnius is locared, The
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TAHBLE 2
Water: sources and use
Aenewahle water resources:
Auarpge proacipitaraan 748 T
4877 keniyr
Imternal fenewahle Watnr MeRoUrces 15,56 hm:'.hlur
Tatal {nctualh renewable waler resources 19E7 24.90 I-:m".'l.l'r
Dreperdency rato 1857 475 %
Taotal {actuall renawabla vwalar roparces per mhabiatan 1956 EA79 miyr
Tatal dam capacity 155 1820 10f m?
Weater withadrawal:
- grisu s 1005 at 10t e
» domestic 1556 2062 10° mr
- sl 1585 A3 00 mliyr
Tatal water withdraveal 2636 10" m‘1|‘|-r
por inhatitans 1555 6B iy
85 % of 1ore] CACTuall mreéakile wals Fasiuced | %
Cher waber withdrawal 1995 42169  10° miyr
Wastewater - Bon-cormventional sources of water:
Vi aEaw atar;
. praduced wastewater 1005 A03E  10° mieer
- PRATA WREIATAT 155 ERE: I Fe R
- re-used reated wastewater 19495 4.8 105 mihr
Agricufural drsnpge wathr - 10% m iy
Desalinaied water - 18 m’rb,.-.-

annual populaticn growth was 0.2% in 1993 FIGLRAE 1
It decreased w -1% in 1994 and 1993, In Land catmgoias

1996, about |8% of the economically active | °% 73880 Tan 1858
population was engaged in agriculure. In
1994, agriculiure accounted for an estimated
T% of GDP,

CLIMATE AND WATER RESOURCES

Clirnate

Lithuwania is a semi-humid country. The
climate is transitional between maritome and
continental. In the 12-15 km-wide  coustal
zone 1t s mariome, and m e east of the country o0 15 continemal. The average annial
precipitation is 748 mm. ranging from less than 550 mm in the nomh © a maximum of more
than B46 mm in the Zemaicial hills. Over swo-thirds of the precipitation occues during the
warm pericd, Trom April w Ocwober. The main issue in eelaton w0 agriculiuee is thus the
removal of excess water o enable cropping.

River basins and water resources

Fivers and lakes have long been used as warerways, although, with the exception of the
Memunas Fiver in the south of the countey, they are not very suitable for pavigation., Within
the countey, there are 722 rivers over 10 km long and 21 of them are more than 100 kin long.
Mozt of the rivers Mow acress the maddle lowland and the western part of the Zemaiciai
upland.

Six major river basins can be distinguished in Lithuania {Figure 2):
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TAEBLE &
Irrigation and drainege
Emﬂ pqaial - fia
Ieriguticn:
1. Full ar partial contral irigatian: equipps:d arna 1849% 9 247 ha
- gurlace Frgoban 19495 - Fia
« sprinkler imigation 1995 a9 z47 b
B TTHE BT TR ] 1995 - Fia
& of area irigaied from groundwater 14995 o ]
% ol aran ivigated Inom sorlace water - %
% of area imigated fram non-conventional sowrces : %
% ¢l ehuepped area S&daolly iivigated - ]

2. Eguiipped wetland ard irfand valley bottams vl E ha

3. Spata wimgpron - i

Total irigation (1+2+ 3| 19495 a 247 hin
- a8 % ool cultivatad aren 0.4 %
- mereass over last 10 yess 1986-95 mirs 18 ]
- porwaar irniganed awa as % of Fmgabed ama - 5%

Full or partinl central irigation schamas:

Large-scale schemes - hia

[ ETHTR = THE S T . ha

Smal-scaks schemes. - ha

Toeal rimber ol housohakls inoFmgaman

Insigaied crops:

Totol irigated grain produstion 1990 124232 ]
a5 % of total grain production 1990 o4 %

Harsestod crops urlar imigation 1930 28 400 I
+ permanert crops: Eofal 1990 29 900 [RT]
- angal crops: 1otal 19490 8 B hia

Aodder crops 1aan 2 B [RT]
. harley |sprng cropl 19590 2 BG hia
wipElables 1980 LRz 100 ] [RT]

walriter ardl summnr whent 19490 Qi b

Creiirge - Enviroremant;

Draired area 1986 3 04Z 742 I
- drainad aran o full of gartal cangral irigated aeas 1944 B 4G9 I
drained area in eguipped wetland and ek . [§%]
- grheer dramad anea 18958 1034 273 Iz

« area wath subswriace drains 1985 2613512 [iT]
- arsa witlh surlace drains 1058 433 230 R

Dralrac] area a5 % of culsivated anea 118 %

Poywer draimind arén &5 %5 of 1018l dramad Bras 198% 1.6

frpa sabniced by imigation . (5]

Papmadatior adfaciad by wator-Dofre Gisansae . inhabetants

- The Memunas basin, I is by far the largest

river basin in the country, covering 65.0% ez
- - . . Intamsl mnewsSle Suldis wWaled nedoudbes
of the country. The Memunas River rises in by majoe basin

Belaruz and enters Lithwania in the south, Total: 15 36 krmBlbpmar Lislires

1%

It ows first north and then twrns o the
west, It becomes the border  between
Lithuania and the Russiin  Federation
before fowing o the Baltic Sea. [is
major tributaries are the Neris River, rising
in Belarus, and the Sesupe REiver, rising in
Poland,

- The Lielupe basin. It covers 16.4% of the
country. Several rivers, such as the Svete,
Musa and Memele, rise in the north of
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Lithuamia, They flow into Lavia and become the Lielupe River after their confluence.

= The Wema basin, It covers %1% of the countey, The Vena River rises in the northwest of
Lithuania and flows into Latvia,

- The group of coastal basins, They cover 4.4 % of the country,

- The Daugava basin. It covers 4.1% of the country in the northeast. The Davgava River iself
dees not flow in Lithuana, Some tributaries, rising in Lithuania, fow nonheast o Latvia,
where they fow into the Daugava River.

« The Pregel basin. It covers less than 0.1 % of the countey in the southwest, It drains west
inme the Russian Federation,

The ol IRSWE are estimated ac 1336 l:ml.-'yenr: incoming surface waler resources il
.34 kmUyenr. The owrflow inie the Fussian Federation is estimated at 0,83 km“{vmr: the
outflow into Lacvia ac 4,00 ls;m”a':-'eu.r

Aenewable Surface Water Resaources (RSWRI by mapor river basin

Mame of foeg within Wabwanin | IREWA Infliyey Tatal REWER oy
rewer basin km* % of I:a:all ki fyear ki lyear fram krn e ar L]
M mLimas 42 570 G5.9 15,66 93.34 Bedams (9, 30%; 19,93 Fussian Fed.
Paland {0,045 + Soa
Lielune 10 630 16.4 2.00 - .00 Lutwia
anita 5 B3 9.1 1.20 . 1.3% Latwia
Coast 2 BTG 4.4 .80 - 08¢ Latvid 4 San
Damigiva 2GR 4.1 G50 " 080 Latwvia
Frigal T a1 2,01 - 0.0 Fussian Fed.
Tutal 65200 | 1000 | 1536 | 934 24,70

Croundwater resources

The internal renewable proundwater resources are estimated at 1.2 hn‘.-'}'e:l.r. It iz considered
that most of the Mow 15 drained our by the river system and does oot contribue o the wotal
EWE. However, that part of the geoundwarer which is withdeawn through wells can be added
o the surface flow o make up the wial IRWER, The overlap has been estimited at | kmaf}':ur.

International agreements

Mo international agreements or treaties on the sharing of water of international rivers exist
herween Lithuania and its neighbours. An agreement has been signed with Belarus on the
exchange of information in the event ol accidental pollution i the ransboundary rivers. An
agreement has been signed with Poland on the monitoring and protection of the transboundary
Sesupe River and Lake Galadusis. An agreement with the Russian Federation on the
protection and monitoring of the Memunas River and the Curonian Lagoon might be signed in
the fumere.

Lake and dams

1 ! - !
There are over natural 3 00 lakes in Lithuania, 25 of them with areas of more gan 10 kme
They cover 1.3% of the total arce of the country. Most lukes are concentrated o the
Aukstaiciai uplands in the east of the country.

Ope large dam, the Kaunas dam. has been built on the Memunas River for hydropower

generation. Its total capacity is .46 k' amd its useful capacity is 0.22 k. Abour 376 dams
have been built for water storage for drrigation aod Oeod control. Their oral capacity is
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1.36 km” and their useful capacity is .
(.23 km’. The reservoirs could also be useful Water withdrawal

for fishery and recreation. At present, the Total: 2636 miion n#* in 1998
possible use of these dams for hydropower

generation, by constructing  small  power P )
stations, is wnder discussion. A nuclear L

power station has been built in Igoaling, in

the east of the country.

Water use and wastewater

In 1993, the towl water withdrawal for
ag:ri:ullural_ domestic and industrial purposes
was 253.6 million m’, of which only 3.2% R
was for agriculiural purposes  (Figure 3).
Livestock watering in rural serlements with
centealized  water supply iz included in
. : . FIGLRE 4

domestic water withdrawal, In addition, the Re-usnd trented wasiewstnr for irrigation
nuglear power station wsed 4 0922 million

k] = . N
m” of water for cooling; while 1157 million

A%

m" was considered necessary for fsheries and o
I million m” for other TON-COMSUMPLYE LSS, *
!_ )
. q Fi]

The towal quantity of produced wastewater in T

1995 was 303.8 million m", compared with gz:

446.1 million m’ in 1990, This fall was
mainly the result of reduced industrial pro-
duction. Of this quantity, 77.9 million m”, or
26% (22% in 19903, was treated o reach the . -a-a-a PR . -
quality standards, 171.8 million m®, or 56'%, -

wits mnadequately  treated, and 5401 million

m’, or 18%. was not treated at all. In 1995,

4.8 million m® of wastewater, partly treated in accumulating reservoirs, was re-used for
irrigation compared with 44.3 million m in 1990 (Figure 4). The remaining wastewater, both
treated and untreated, was not re-used directly but discharged 1o the rivers.

o % o

In recent vears, many farmers bave no longer been able w alford fertlizers and pesticides.
This has led w a sigoificant decrease o their use and their leaching from the soll surface,
resulting inoa reduction in groundwater pollution.

In 1990, the wial groundwater absieaction from some 12 000 twbe-wells was 4972 million
m. In 1995, it fell w2052 million m’ due to reduced industrial consumption and a decrease
i domestic water withdeawal. As a result of the increased price of water for domestic
purposes, many waler consumers bave installed warer meters and started saving water. This
downward trend is expected w be reversed in the near fure, when an expected industrial
recovery and a rise in living standards should lead to an increase in industrial and domestic
water withdrawal.
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[RRIGATION AND DRAINAGE DEVELOFMENT

Dirainage development

In ancient times, Lithuanians removed excess moisture from fields by furrowing them, wsing a
special way of ploughing, or by making ditches. The first subsurtace drainage systems are
siid 1o have been installed in 1855, Drainage works increased sigmificanty at the beginning of
the ewentieth centwry, #tarting with the beginning of cultivation in the Memonas Biver delia,
In 1918, abour 3900 ha were koown 1w be drained. In 1939 14 800 ha of land were
intensively drained, including 11 800 ha by subsurface drainage. In addition, 4357 7K ha of
land were drained extensively. Around 1 million ha of wetland had been drained by 1970 and
2 million ha by 1978, In 1995, the total drained area was estimated at about 3 million ha, of
which 2.6 million ha, or E6%, were equipped with subsurface draimage systems (Figure 3).
The total length of subsurface drainage lines s almost 16 million km. It s caleulied that
drainage systems have been installed on 90% of the area needing drainage. which s estimated
at almost 3.4 million ha.
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The present cost of drainage installation is SUS 1 700-2 O00/Mha, The additonal gramn crop
harvest on drained lands is about 9.8-0.9 vha, or 25-30%.

Drainage is wsually carried ow in conjunction with specific cultural practices: removing
shrubs and swmps, gathering stones, ploughing drained swamps and f@llow lands. However,
somerimes oo many shrubs are removed, resulting in an increase in soil erosion. For this
reason, serious attention 15 now being paid o environmental protection, The construction of
new drainage systems has been suspended. and effors are being made to maintain earlier
installed drainage svstems ina proper condition,

Irrigation developiment

In the Memunas River delta, about 40 000 ka of meadows in polders are protected by dams
against flooding. About 100 pumping stations have been installed 1o remove cxcess water in
perinds of flood. However, initdally this led 1o moisture deficit in dry periods. This problem
was solved by the installation of sluices in the polders, enabling both the water level in (he
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ditches to be regulated and immigation in the driest periods. In 1976, 2 200 such systems,
called sluice systems, were exploited. However, these systems were not used for long as
sprinkler irrigation soon proved to be a more effective system of irrigation under Lithuanizn
conditicons.

Since 1965, a lor of research on sprinkler irrigation has been carried oul in the country. The
fiest sprinkler rrigation systems were nstalled in 1965 in the Kaunas and Kédamian districes
in the centre of (he country, where for some tme domestic wastewater was used for
irrigation. However, after an outbreak of cholera in the region i about 1970, the use of
domestic wastewater for irrigation was forbidden.

In the period 1973-1983, 33 industrial pig complexes were built in the country. Irmigation
systems were installed on 6 600 ha close to these complexes, using the dung as fertilizer.

The construction of irrigalion sysiems is FIELRE B

rather expensive, on average SUS T 500Wha, Evolution of irrigaticn
because  of  the  need  for  reservoir
construction. The average cost of O&M is
estimated a1 SUS230Wha  per  wear.
Mevertheless,  irrigation  systems  have
increased rapadly. By the end of 1970,
irrigation coversd 5 100 ha; in 1975 and in
1990w was 22300 and 42 700 ha

respectively.

£5 —

During the Soviet period, large irrigation
systems  were  installed  (100-200 ha)  on
kodkhaz (collective farms) and seekhos (stale
farms). Afier they were broken up, privae
owners  started  working  on small  plods
(8-20 ha) and many of the large irdgation sysiems sopped functioning. This is the reason for
the rapid decrease in irrigation in recent vears. While 42 700 ha were equipped for irrigation
in 1990, only 9 247 ha were left equipped for irrigation in 1995 (Figure 6}, The rest of the
system has largely been destroyed, as farmers have not been interested in using large, costly
irrigation schemes.

Of the total actually irrigated area of 38 400 ba in 1990, 29 700 ha (77%) consisted of
meadows and paswures. The remaining part was covered by fodder crops (heets), barley
{spring crop), vegetables and wheat, Some 200 ha of gardens were irrigated {Figure 7). In
1994, the main rainfed crops were cercals (465 ); fodder crops, including grasses (46% ) and
potatoes (5% ).

INSTITUTIONAL ENVIRONMENT
The main instutions invelved in water resources management are:
- The Ministry of Agricultore and Forestry. It is responsible for land reclamation and

irrigation. The Land Reclamation Division within the Ministry is responsible for design,
equipment, maintenance, land reclamation planning and research.
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FIGLRAE 7
Irrigwied cropa
Todak 38 400 ha in 1930
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= The Water Division within the Ministry of Envirommental Protection. It is responsible for
manitoring design, construction, equipment, maintenance, water planning, warter research,
sewerage and sanitation,

- The Association of Land Reclamation Emterprises. This is an independent association of
most of the land reclamation companies which has indirect links with the Ministry of
Agriculture and Forestry. It is the principal public advisory body to the government on all
issues related to the activities of land reclumation enterprises.

- The Mimstry of Government Feforms and Local Admimistrations, the Minsiey of Building
and Urban Development and the local municipalities. They regulate ssues on water supply,
sewerage and sanitation,

- The Association of Land and Water Management Engineers. This is a non-governmental
organization for water management engineers. It is the principal public advisory body to the
govermment on all matters related o land and water management.

The following laws relating to land and water are in force or under preparation:

- Land Reform Law of 19491
- Land Beclumation Law of 1994,

= Water law {under preparation}, containing sections on: general regulations; water use, water
protection and prevention of harmful influences; state registration and planning of use of
witer sources; responsihility for water law violations.

TREXDS IN WATER RESOURCES MANAGEMENT

Because of the prevailing econonuc situation, the state can no lenger bear the cost of
constructing new drainage and irrigation svstems, and can only partly cover the maintenance
costs of the existing drainage svsiems, The new farms, which have replaced the balther, are
also in a very precarious sitwation, This means there is a real danger of the progressive
destruction of drainage svstems, The future of the remaining irrigation systems 15 also unclear
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and, moreover, the cost of irrigation has increased due to the rising energy prices.
Furthermore, the advisory service that organized the ircigation no longer exizis. The state has
referred the queston of irrigation 1o the private initiative of farmers and agriculoural
compantes. The Ministey of Agriculiure and Forestry limits its activities to the collection of
basic dara about irrigation sysiems.

[n the fure, small-scale irrigation will probably take place more spontanecusly under market
forces, withour government promotion. Al presemt. some [larmers are already showing
initiative by buying foreign irrigation equipment. Ierigaton water charges do not exist, bue
farmers must obaim an authorizagon from the Ministry of Enviconmental Protection to ensure
that ne damage 10 the envirenment will result.

Several wastewater treatment plants have been, or are being, built or reconstructed. In 1996,
biological wastewater treamment plans were due (o start operatng in the city of Vilnius, The
primary wastewater reatment plant in Raunas i3 almost complete and it should become
operational in 1997, The Klaipeda wastewater treatment plant is under reconstrection,

At present, the worst ecological situation exists in the Kulpe River in the north {Lielupe
basin}, e which wastewater from Siaulial city 35 discharged, and in the Nevezis River below
Pameverys (Nemunas basing, The minimal summer discharges of these rivers are very low and
therelfore the wastewater has o be carefully treated. Part of the Svemoji river flow in the
northeast of the Memunas basin (from 1 1o 4m‘1.fs) i5 wsed o mainmn pood saniaey
conditions in the Meveris River. For this purpose, a pumping station has been installed near
Kavarskas in the Anyksciai district. The Siauliai wastewater treatment plant needs to be
reconstructed and water cleaning efficiency needs to be improved. However, in view of the
current cconomic siuation, 1t 5 unlikely that these activities will be undertaken in the near
future.

MAIN SOURCES OF INFORMATION

Central Board of Statistics of Lithuanian 55R. 1981 and 1986, Notiopal economy of Lithuanian S5E in
1980 and 1985 (Liewvos TSR Tunsdies wkis 19800 mesad, Ligtovos TSR lassies ukis 1985 metais),
Belintis, Wilmis,

Depariment of Envirenmental Projection of the Lithuanian Repeblic, 1991, Environmenial conditions,
tendencics of changes, coniral of environmenial prolection (Aplinkos bukle, kitimo lendencijos,
aplinkas apsangos valdyomas), Vilmius,

Department of Land Reclamation, 195 and 1993, Rechamesd lamd amd land reclomation. Normative
documents of Lamd Beclamation, Past o099 00,00 amd Pare 11 (1995001 .01 (Meliorootosios zemes
it melboracimiai irenpginiai. Melioracijos normatyviniai dokumentai. [dabis (1993.01.00) + 1T dalis
(199500000, Ministry of Agriculiure of the Lithuamian Republic, Vilnis,

Department of Smnstics w the Government of the Republic of Lithuania, 1995, Stanstical yeorbook
1994-95 [Licnavos statistikos metrostis 1994-95), Methiohical Publishing Centre, Vilnius,

Department of Saistics w the Government of the Republic of Lithuania. 1996, Lithuwmia in figures
1906 § Lactuva skaicinds 1996). Methedical Publishing Centre, Vilmius.
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Eurapean Comimission, Directorate General for Agriculure. 1993, Agricuftural siuation and prospecia
in the Ceniral and Ensterm Europzon countries. Coantry: Litheania, Werking document. EC.

Cinrumksria, A, 1988, Litheanian warers § Lictoves vandenys). Mokslas, Yilnius.

Ministry of Enviropmental Protection, 1995 and 1996, Work repona for 1994 and 1905 (Aplinkos
apsauges ministerijos 1994+ 1995 m.). Darbo ataskaita, Vilnios.

blinigiry of Land Reclamation and Water Management of the Lithoanian S5F. 1985, The main indexes
of protection and exploitation of water resources of the Lithuamian S5R For 1984, Yilnius,

Swne Serviee of Lasd Exploitation and Geodesy at ithe Mipistry of Agriculiere. State Lond Register

Emerpeise, 1996, The lands of whe Repablic of Lithuania oo | January 1996 (Lietwvos Respablikos
zemes fondas 1996 m. Sausie | d.). Vilnies,
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Moldova

GEDGRAPHY AND POPULATION

Moldova is a landiocked country in southeast Europe with a total area of 33 700 km®. It is
bordered in the west by Romania and in the north, east and south by Ukraine, I becanee
independent in 1991, For administrative purposes, Meldova is divided inie 42 provinces,

The northern part of the  tape
country  helongs  to the  Basic statistics and population

Podole  hughland  and  the Phepsical miads;
southern part o the Black A ¢! 1ha paungry 19%4 FATR OO0 na
SoutiErn par to e Cultevabis wus 1993 2 558 700 bn
Sta lowland. The average Cultréated wea 19832 2 20% 800 ko
altimede 15 147 m above sen arreial orons 19492 1738 200 ha
]I.'"I'L"'I. TI'II." I'Ii.EhL"'H[ rll-":l.k ii PRIMaraEnt crips 1953 <66 200 ha
- F Han:
430 m zlhc:-w: sea level and TLD::ET.:,,M"H\ 1556 4 444 000 irtah.
5% of the country lies Pupdatian density 15956 132 inhab. fkm®
below an alinsde of 200 m Fural population 1984 4T %
. . Ecanomically active population

Black soil, the world's most engjagait i agrcidsune 1554 30

I -nvers  ab ol waltiche - e 1952 (=1
ertile  =o1l, covers  about
73% of Moldova's agri- _ e 109d 31 _%
. . . . M-. . Water supply coveraga:
cultural land. In the Sowviet Ui poslalion 1953 00 %
efa, the COUTITY,. pepresent- Rurdl popralation 1303 00 %

ing only L13% of the total

area of te Soviet Union, produced 40% of the Soviet Union's wbacco, 10% of 1ts fruits and
% of its vegerables, Howewver, the country’s location makes it prone o marked changes in
weather conditions, resulting in fluctuating agricultural production. The agriculiwral potentizl
is concentrated in fwo regions;

« the morth, with the rich black soils and the fertile Duestr River valley;
- the south, with s calcium soils (carbonate black soils) and warm climate, which make &t
particularly suitable for irrigated vineyards, as well as for peach and apricot orchards.

The cultivable area is estimated at almaost 2.6 million ha, which s 76% of the total area of the
country. In 1992 the cultivated area was estmuted ot 2.2 million ba, of which 1.7 million ha
was cocupded by anoual erops and 005 mallion ba by permanent crops,

Although nearly 70% of the enterprises in the industrial sector {(including food processing)
have already been transferred 1o the privae sector, privatization in e agriculiiral sector s
still almost non-existent. According to the lotest census (19923, Aoliher (collective farms)
oceupy 60% of the agriculwreal land and sewvilior (state farms) 20% . Abowt 9% is in the
hands of industrial enterprises and organizations, and only 1.5% is owned by private farms
(Figure 1) In 1992, the number of registered private farms was 13 660 with an average area
of 2.8 ha.
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TABLE 2

Water: sources and use

Renewable waier rosources:
AVRIEOR DISCERETATHN 450 mmiyr
15,2 miiyr
Internal rerewable waler resaurces 1.0 Im:'h.':
Tatal tactuall rerevwables Wwaler resaurces 1497 11.65 lm’ﬁu’
Dapendencly ratia 1947 91.4 %
Tatal (actuall rerevwable yeater rosources per inkafnant 1888 2 G622 rn:'.l"rr
Tatal dam capacity 14994 o 16% m?
Warber withdraval:
= agricultural 1892 775 10" iy
- damestic 1992 ZED 105 iy
» indhusirial 1992 1919 10° m iy
Tatal water withdrawal 2 BE3 18" miyr
pes irihabitan 19892 673 iy
a5 % of total tactuall rerewable water resouces 264 %%
Dribwer wiatar withdraval : 10% miyr
Wastowater - Mon-conventional scurces of wabes:
Wast R aTe:
- produced wastawaler - 10" |r|:'|‘yr
- treated wastewater 1992 298 lipd m:'.'l.lr
- Py Draatad waETRw e = 10% m'yr
Arpicultural droinags wsber - 105 m e
Desalinated water : i m:'.'l.lr

The total population is about

4.4 million (1996), of which 47% is rural. | oonC!

Land cxingorins

The avemgeﬁpﬂpm::iml density 15 132 Totsk 2,56 million ha i 1963
inbabitanes kim™, which is the highest among
the countries of the FSLU, It ranges from Prrvite vt

Indyisial 195

7 inhabitants/km” in the south to more than
200 inhabitants/km” in the central part of the
country,  Between  [9E8 and 1992, the
population growth rate was 1.1% a wvear.
Between 1992 and 1993, the population
growlh rate was negative, -0.3%, bul has
gince risen again, In 1996, agriculmre
emploved 30% of the econcmically active
population. In 1992, women made up 32% of
the agricultural labour force, About 23% of
the tal female labour force and 45% of the
tdal male labour force are engaged in
agriculiure, In 1992, agriculiure aceounted 253% of GDP. Moldova’s GDP declined by 40%
between 1991 and 1994, In 1995, an increase of 0.3% was estimated, with an increase of 6%
forecast for 1996,

CLIMATE AND WATER RESOURCES
Clirmamie

The average annual precipitation is estimated a1 430 mm, Two climatological zones can be
distinguished:
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TABLE 3
Irrigation and drainaga
bigntion poferdial 1984 1 BO0 00 b
lrrigitican:
1. Full ar partial conbrod rmigabon: equipped sea 15584 aNF Qoo i
- sigface irrigation 1554 305 Qg0 lva
- gprinklar Ergaton 1984 X 400 ha
- micto-lirigation 15854 3600 b
% ol anen irigated bom grourdwater 1554 v] U
T ol ares irigated fom surface water 158 100 T
% of anea irigated from non-coméentianal sowcas LTS o LS
% af equippes] sraa actually irigated T %
2. Equipped wetland ard inlard walley bottams liov.bd ha
A Spane Fragation - het
Tedal irngaticn (12 2+ 3] 1904 12 000 ha
» a5 % of cultivated area 14.2 %
- INCTaAER owar Laet 10 vaars 19495-54 Lh H
- porver inigaied aren as % of irigated wea - %
Full or partial contrel Emgation schemas:
Large-scake schamas - ha
Medum-scake schames - ha
Sminllscake schemes ha
Tedal rumber of koussholds o brigation -
Irrigtesd crops:
Todal ingaied grain producticn - t
ag % ol toral grain production . 4
Harcested crops uider gt 1586 300 Qa0 ha
- peErmanent ooas: folal 1988 43 100 ha
- Andisal crops! total 1988 ZRE 900 Fist
. Tadder crops 1885 103 200 ha
. cerpals 1088 EE Q00 fa
. potaroes and vogetables 15486 G Q00 hia
. sugei Beat snd gunllowar 1386 1E 300 LT
. oiher annual crops 18488 3 400 ha
Dwainage - Environment:
Dvainad aran 19492 42 000 fia
- drared ares in 1ol ar parpsl contial ifganed sreas 1342 3400 ha
- drasned anea in equipped wetland and Lv.b, 18492 o ha
- athar drained aras 1992 12 600 ha
- arpa with subsurfece draing 1992 83 400 Ll
= area with surface drains 1942 12 GO0 ha
Dvained argn &% % of culiivaied aren 18 %
Poweer draaned wea as % of tatel droined ses - b
frpa sainized by Fmgaton - [3F]
Papulation affected by water-bama dseases . inhabitanis

The semi-arid and warm zone of steppe, covering the south of the country (45%). The

average annual precipitation varies from 370 mm in the extreme south o 450 mm in the
southern part of the Dneste valley, concentrated between May and Ociober, Average

temperatures vary between -3°C in January and 22°C in July.

- The moderately warm zone of forested steppe, covering the northern and central pants of the
counlry (35%). The average annual precipitation varies from 420 mm in the central part to
550 mm in the north, concentrated between May and October with the peak in June or July.
Average temperatures vary between -4.5°C in January and 20.5°C in July.

River hasins and water resources

The country can be divided into three main river basins:
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= The Dnestr (called “Mistru® in Meldova) basin. It covers about 57% of the country. The
Dineste rizes ain Ukrmine and forms the border berween Ukraine and Moldova i parts of the
norih, northeast and sowtheast before flowing back imo Ukraine, where it continues for
some M km before reaching the Black Sea with an average annual discharge of 10 ka.

« The Danube basin. It covers about 35% of the country. The Prut Biver, a tributary of the
Danube, rises in Ukraine and forms the border berween Moldova and Romania before
flowing into the Danube just after crossing the border into Ukraine. The Danube River then
continues for about 125 km before flowing into the Black 5ea. Where the Frut River
becomes the border between Romania and Moldova, its average annual flow is estimated at
29 km'. s average discharge o the Danube 15 also estimated at 2.9 I:JII].I'}'Eur, which
would meean that all the water generated berween the nonhern and southern parts within
Moldova and FEomania is vsed, There are a oumber of small seasonal ribuaries of the
Dranube in sowhern Moldova that flow inte the Danube after having crossed the border o
Ukraine,

- The southern basins. In the south of the country, between the Dnestr and the Danube basins,
several other rivers rise and flow across the border into Ukraine and then inte the Black
Seu. Their basins cover about 3% of the country.

Renewable Surface Water Resources (RSWRI by river basin

hams ol basa Hart of Incernal Inflow Total Outflaw 1a
laLal &as RSYWR RSWR
(%) ki tgani | ki fyear Fraie keen it

Drmelr 57 0,65 89,2 LIkrping .85 LIkr i
Daruba: 35 DD 1.45 B

af wihizhz Pru .24 1.45 Beader with Bamania 1.89 Ukraine

- kv 0,05 - D05 LYKrgiini

Zawharn hasins B .06 . 0,065 Likraine
TI'|:|I:r|I WD 1.00 10,E5 l 11.65%

The otal  IRSWE  are  estimared ot i

L0 l‘ml-'l:llre‘“ (Figure 2}). JTI"E wtal ARSWR Intermal renewable surlace waler resources
are estimated at 1165 kmfyear. About 45% by majar basin

of the discharge of the Doestr and Prut rivers Total: 1 kelfyade

takes place during the spring season due 0 . -:c.:.::....
snow melt in their upper catchment areas in iriatarias of %
Lkraine.

The average annual renewable groundwater
resources are estimated at 0.4 km®, but the
water is often too mineralized o be used for
domestic  or  irrigation  purposes,  The
groundwater flow is estimated to be drained
out into the river system  {overlap) and
therelone does oot contribute o he [RWR,

International agreements
The legislation of the FSU on water sharing issues still applies. This concerns the agreement

with Bomania of the 19805 on a 50-30% share of the water of the bordering Prut Eiver and
the former internal regulations between the Soviet republics. Under these regulations,
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Moldova has the right to use the water stored in the Cucivrgan reservoir on the border with
Ukraime and in the Costesti reservoir on the Prog, as well a5 0 construct anks on the
iributaries of the border rivers.,

Artiflcial tanks in Moldowva
Lakes and dams Mame of basin Mumber | Toal Year od
al ¢apn¢i|;-,-: =T L TATT=S
tanks dmilkon m ticn
There are few patural lakes i Moldova, [Gresr 7318 T
The largest one is Lake Belew in the Prut af which:

. 2 « Ouibg I 485 1954
valley with a surface area of 6.3 km’, . Clachugan rhparai e I

Darnibs [mainly Prutl 1176 1 358
There are 2 519 antificial  tanks  in af which:

Moldova, constructed  for  irrigation “I'"if:;:'lf_::mm T 1'32? 137
purposes,  flow  regulation and  fishing o 1510 | Zo2z
pools, Maost are small tanks for local use
with a surface arca of up to 3 ha, Their FIGLRE 3
toial storage capacity is 2,02 k', which is Water us e
equal to more than twice the IRWR of the Teml, inci, hydropower: 2 563 millon ' in 1992
COUTLTY.
Iigatmn

Water use and wastewater =g

Im 19932, the total warer wse was estimated

at 2 963 million m’. This includes the use ""f;f"
of water for hydropower. OF this wital, | £ p———
221% was used for drrigation purposes PR— g RE
(Figure 3).  The quantty |:11'. l]'l:i.ll.l.t.d. e b

wastewaler amounted o 206 million m- in

19492,

IRRIGATION AND DRAINAGE DEVELOPMENT
Irrigation development

Between [918 and 1940, when the part of Moldova to the west of the Dnestr River was part
of Romania, the first tanks were constructed in the Prut basin. Large-scale water resources
development started after the Second World War when the country was part of the Soviet
Union.

In 1994, irrigation was estimated to cover 312 000 ha. The irrigation water is stored in
reservoirs and tanks, built on the rivers, and pumped into the main irrigation conals. The
three largest schemes are: the Rabnita in the Dnestr valley, with a total area of 24 000 ha; and
the Suklei and Etuliy irrigation schemes, with an area of 10 000 ha each.

Furrow irmgation s practised on about $8% of the area equipped for irrigation (303 000 ha).
Micro-irrigation s used on 3 600 ha of orchards and vineyards, On the remaining area,
sprinkler irrigation i used for some vegetables and on some permanent meadows {Figure 4).
However, other sources indicate that most of the irrigated land s equipped with sprinkler
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irrigation, a large part of the equipment being T
out of use. No groundwater is used for Iredgation wachniguas
irrigation due to its unsuitable quality. Taral: 317 000 ha i 18934

Irrigation is mainly concentrated in the Sprink by .'I"f:'"
central and southern parts of the country, in i o
the Dnesit and Frut valleys. Between 1983

and 1992, an average of 2 500 ha/year were
equipped for irrigation.

The irrigation potential has been estimated at
.5 muillion ha, About 30% of this rogation
potential, or 500 000 ba, s located 0 the Rtk Ll L
Dpestr basin, 200000ba  in the area BT T
surrounding the Costesti eservoir on the Prut

Eiver, and another 200 000 ha in e extreme

south, if using water stored in the Ukrainian lalpug and Cahul lakes close o the border. The
remaining areas consist of extension possibilities of the existing schemes (mainly in the Dneste
basin} and of areas scattered all over the coumtry. On most of these lands, rainfed agriculivee
is currendly pracised or they are used as pastures. The anticipated water requirements for the
developmsent of the irrigation potential are estimwned a0 4.3-3 mll':.real. The problem in
general is the low water qualicy: soil apalyses have revealed that after 10-15 vears of
irrigation some 5oils have become highly alkaline.

In 1986, about 34% of the irrigated land was used for the production of fodder crops, 22%
for potatoes and vegetables (mainly tomatoes), and 229% for cereal production {mainly winter
wheat and marzed. Orchards and vinevards occupied another 153% of the irrigated area
(Figure 5). About T0% of the country™s vegetable production, 28% of its potamo production
and 30% of the production of fodder crops comes from irrigated land. [n 1982, the vield of
irrigated wheat reached 4.0-4.2 tha and the vield of weigated maize over 5 vha, while on
rainfed land the vields were 3.3 and 3.6 Vha respectively.

FIGLAE &
Irrigated crops
Tisl: 300 000 ha i 1986

Ciher !
Sugar teet ond sundiower m
crcnarns ang wnerarss ST
R e T R L L
OO s - e o)
e s [T T e I T

i =] &y L] an Lb=] Tn
i usand hesiares

Materiale protetto da copyright



164 Moldover

Water charges were introduced in the Soviet Union in 1982, varying from one region o
another, but never actually collected. It is expected that they will be enforced in Moldova, in
connection with land privatization.

Drainage development FIGLFE B
Drainegs technigues
Total: 42 000 ka i 1992

Im 1992 the drained area was estimated at
42 (K] ha, About T0% was equipped with
subsurface drains, wsually pipes, located in
the area equipped for irrigation (Figure &),
Drainage is mainly concenirated in the
central and southern pans of the couneey, It is
planned w0 reclaim  and  drain abowt |
200 000 B inthe river valleys in the south.

Bubriurfics
dranme

INSTITUTIONAL ENYIRONMENT i

The most important instinions involved in
water resources development and manage-
Wi are:

- The Ministry of Agriculiure and Food, In ihe early 1990z its Depariment of Water
Resources was replaced by the state consorfium "AQUA", which s associated to the
Ministry and responsible for the planning of and investment in irrigation and drainage

- The Ministry of Communal Services and Exploitation of Natmral Resources, with its
Department of Water Supply for Domestic Use and Wastewater Treatment.

- The State Office of Protection of Matural Resources, an independent government institution.
liz Depariment of Licensing of Use of Natwral Resources authorizes irrigation and drainage
projects.

= Several scientific instimtions:

The Agrarian University in Chisinau with itz Faculty of Hydraulics;

The Research Institute of Irrigated Cultures in Balii, in the north of the country,
The A. N. Dimo Memorial Agricultural Institute in Chisinau;

The Agrarian Section of the Academy of Sciences in Chisinau.

TRENDS IN WATER RESOURCES MANAGEMENT

Al present, the government of Moldova's main interest is the extension of the irrigation of
plantations (orchards and vineyards), Under the 19962000 Five Year Plan, irmigation
development on 25 000 ha of new plantations is planned. The following two five year plans,
envisage irrigation development on 28 (00 ha and 30 000 ha respectively. This corresponds to
an average annual development of 5000, 5600 and 6 000 ha respectively. In the period
[O#5-1902 an average of 2 500 ha'vear were developed for irtigation.
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Another target is the replacement of the ocwdated irrigation and drainage equipment on about
10 CEHd ha within the next fow vears.,

While there are plans w privatize the agriculiural secior, so far privatization has mainly been
limired 1o the industrial sector.

The two main rivers of Maldowva, the Dnesir and Prut, are fairly polluted. An international
programme exists for the protection of the Danube, especially its delta, and the Prut River is
part of this programme. An environmemal protection campaign is being conducted through
the medin. This includes reports on the dangers of the pollution of the Dnestr and Prog rivers.

MAIN SOURCES OF INFORMATION

Gavrilita, A, 1994, Water management: history of irrpation (Apa-bopatin oe mai & prel; din astoci
ittgarii}, University of Chisimau, 129 p,

Ministre of Agriculure. 1988, Problems of soil improvement in Moldova (Voprosy melioracii zemel v
Moddayvii). The Frunze Memonal Agriculture Institude, Kishiogy, 83 p,

Ministry of Agriculrure and Food. 1995, Water resowrces of Moldova, Drrowght and complex measures of
combating it {Apele Molfavei. Seceta si masunle complexs de combatered. Chisinau, 269 .

Ministry of Agriculwre and Fead. 1993, Recommendations for combating drought (Recomendari si
indrumeary priviud combnteres secednd). Chisinan 40 p.

Roscovan, M. er al, 1994, Communal secior during the 1ransition (Gospodaria comunala in perioade de
iranzitae), Chisinaw, 47 [,

Srepovol, V.5, of wf, 1988, Problems of witer use and protection (Problesmy ispolzovanania @ ohoropy sod
Muoddavii, Acidemy of Sciences, Kishinev. 79 p.

State Dreparmment of Sqatistcs. 1994, Statistical yearbook of Moldova 1992 (Amuarul Statistic Al Republicii
Muobdovn 19925, Chisinag. 172 P,
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Russian Federation

GEOGIRAPHY AND POPULATION

With a toral area of over 17 million k', the Russian Federation is (he largest country in the
world, It covers the eastern part of Burope and the sorthern part of Asin. [t has access o the
Arctic Coean in the north, the Pacific Ocean in the easit, the Black Sea and the Caspian Sea in
the southwest, and the Baltic Sea in (he northwest, It borders 14 couniries: Korea DPE,
China, Mongolia, Kazakhstan, Azerbajjan, Georgia, Ukcane, Belarus, Latvia, Estonta,
Finland, Morway and, with the provioee (eblast) of Kalingrad, Poland and Lithuania,

The Soviet Union came 10 an 1apg 4
end im Jare 1990 and the  Basic statistics and population
Russian  Federation emerged Phiysical areas:

as  one of the 15 newl-lrl Area of the courimy 159544 | ?I:IL;:J hia
independent  former  Soviet | pabin area 1994 BEE 900 000 ha
republics.  Administratively, Cultivated aroa 1884 116 900 &30 ha
the PRussian  Federation 15 - Bnrwil crops 1924 114 900000 ha
divided into 89 units, which ‘pomoentorops  TRBY 2000900 ha
* FPopulnbon:
are  autonomows  and  sells | oty popalation 105G 148 126 000 inhab,
poverning  members  of  he Pogeilitiva ::_-Iﬁ'-r :gﬁ 23 g':lﬂb--'km'
; : : - Fural papulation

Ruszian Federation, Each ulmt Econamically active pogulation
has a separate agreement with engaged in ngricung 1304 12 4%
the Hussian Federation and, o """“""'""’"'m :gg‘i gg :
usually, a differing degree of -

. Water supply covirage:
AULHROTIY . The Fussin Uikinn papsilaticn 1054 a4 %
Federation is alse divided imo Fural popsistion 1684 43 S

Il economic  regions,  plus
Raliningrad, presently considered as the ewelfth region and which previously formed one
economic regon with the Soviet republics of Lithuania, Latvia and Estonia,

The Russian Federation is exceptionally rich in natural resources. It 15 a major producer of most
types of minerals and for many of them it s the world's leading producer and exporter. In
pacticular, thie Bussien Federation hoas vast reserves of Toels and metal ores, meluding sigmificant
deposits of gold-bearing ore. The agriculivral production potential 5 distributed extremely
unevenly amd is lmited mainly w e south of the European part and small areas on the
southern fringes of Siberia as well az areas in the far east region. This distribution reflects the
eonal diversification of the paral envirenment, from jce desects in the nori, through wsdra,
coniferous woods (dpad, mixed woeds, 10 the fragments of seppes and semi-desens in the
gioith.

The Bussian Federation 15 formed of three vast, low plains: the east European plain and the
west Siberian plain, divided by the Ural mountains, and the Caspian plain in the south. In the
northern pan of the lowlands there are young glacial formations and swamps, especially in the
west Siberian plain. South of the lowlands there is a belt of loess with fertile black soils. In
the European part, there are poor semi-desert and desert soils south of the loess beli. In
central and sowthern Siberia and i the far east, mountaing of medivm height predominare,

Materiale protetto da copyright



RUSSLAMN FEDERATION

Hussinn Federation

Materiale protetto da copyright




Teriganion i ihe former Soviet Dwion couniries in fToares 1449

TAELE 2
Warter: sources and use
Renewable water resouwrces:
Aeracs peaciparagian 584 R
10067 ke
intemal renawable waler resaTCes 4 312,70 ke
Toatal lastuall rerewables wals resowrces 19497 4 405,24 krrl:'.l".rr
Dapendency ragio 187 4.1 %
Total laciuall rerewable water resowrces per mthabitand 19448 30 31648 m‘.".rr
Tanal dam capaity 1942 F60 000 0% mt
Watar withdrowal:
.+ agricultural 1944 16 300 105 myr
- TSI 19414 14 300 10" miyr
- inchustrial 1894 47 500 105 miiyr
Total water withdrawal 77100 10% miyr
per nhabitan 1894 518 iy
as % aof tofal {actuall rermwstils waier resorces 1.7 %
Cther water withdrawal 19492 7 330 10% mbyr
Wastewates - Mon-coevemional sources ol watar:
Wantevwaler:
- procuced wasiewaber 19490 33 380 i m:'.'!.'r
- Craatad wasleatar 1990 & da 10% mdyr
- re-used tresied wostewaier - it |n:h'r
Agriculivral dramage waler a 105 miyr
Dasabrioted weater - 1ot n'-’.'yr

with a peak of 4 506 m asbove sea level (Bielukha in Altay). The highest mountains are
situated in the Cawcasus (up to 5 642 m above sea level).

Russian stistics consider the area of lands belonging o all kinds of agriculiral farms as an
eguivalent w coltivable land. In 1994, (his area amounted o almoes 587 million ba, which is
40% of the wal area of the coumiry. The cultivated area was estimated ar almost
T million ha,  ingleding almoest 113 million ha of anneal crops and 2 million ha  of
permanent crops,

Beginning in late 1990, a set of laws, decrees FIGURE 1

and  resolutions opened the way  for land Land calagories

reform  in the Russian  Federavon.,  Thas Totak 686.9 milion ha in 1986
legislation established the rght w privie
ownership of land, restruciured sovlror (state
farms) and Lolfhor (collecuve [arms), and
laid the legal basis for the establishment and
operation of private family Tarms. However,
in 14995, less than 5% of the agriculiural land
was oceupied by fanuly facms (Figure 1.

L

The 1ol population §s abour 148 million
(19%6), of which 24% 5 wmral. The
pepulation growth was low in the 19805,
falling w <06% in 1994, The Average
population density is abour 9 inhabitanesdknT,
The most denscly populated area is the
centrul Tegion, where the capital Musx.l.m is located. with 62 inhabians/km®, followed by
Kaliningrad with &1 inlbitantskm®. The Imm densely populated regions are eastern Siberia
and the far east with 2 and | inhabitams/km® respectively. About 76% of the total population
15 urban and it is estimated that about 74% of the population lives in cities and large towns.
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TABLE 3
Irrigation and drainage

hrigation potertial 1950 29 000 Lo ha

Irigation:

1, Full or panial eoncial rkgarion: aguipped aren 1980 B 124 OO ha
- surface wrigaton 1950 2945 Q0 LE
= spFinklar iriganion 1950 5 879 000 fha
- micr-inigsticn 19%0 (4] Fid

W o aren irigatad fram groundwates . @
% of arsa irigated from surface wabsr - [
FHo ol pren imigatad b on-convenlicngl sources . 5
% af equipped area actually rngated 1 GG 1 A

2. Ecpuippe] wooglond argl indark] valey botioens div b} . hia

3. Spate rngation - [§T]

Tedal irigation {1+ 2 + 3] 1504 B 168 Q00 ha

- a5 % of cultivated area a4 W%
- nenppes ovar lpel 10 yaars 1885-04 minus 11 %
- power inmgated area as % of rigaied area a L]

Full ar partial controd imgation schemes:

Large-&oake schamas - i

Medium-scals schemes ] hin

Smal-scake schamas - [ET]

Tatal ranriber ol househofds in inigstion -

Irsigated cropa:

Tatal irigated grain procuction . [}

as % ol Tral grain producton - %

Harvesied crops urder irigation 19404 & 005 000 [iF]

« QIERMLAENT Srons: takal 149494 il T
- BreEnesl crope; D! 1934 4 0BG 000 fea
. dpddder crops 19494 2 BRI pO0 1]
. ol arel puties 1994 1 217 000 Ina
. patatoes and vegetables 19494 208 OO0 iz
- inlustrinl plarts Imaindy sugar boaet| 1994 117 000 |
Drainage - Enviranmern:
[rained aroa 19494 & 0327 000 ta
- dlgrnd ared in lull of peial conrel inmigaod orpaes 149890 1 288G 00D lum
- drared area in squipped wellard ard iov.be. - [15]
- athar deainsd arpa - [
- grea with subsurface drains 19490 3238 D00 hea
= grea with sudace draing 1880 4 T8 DO (1]

Drained aren as % of ouliveabed area . k]

Frrsuntr clradrend aroa s % of taral deained aren B T

Arow salinized by Fogotion - 5]

Populatian affected by water-borne diseases . inhakitants

The largest city 15 Moscow with 8.8 million inhabitants, followed by Saint Petershurg with
4.9 millien mhabitants and 11 cities of 1-2 million inhabitans.

In 1996, agriculure employed 12% of the economically active population. In 1994, women
mrade up 51% of the wdal labowr foree, In 1994, 38% of the ipdal labowr force was engaged in
agriculure, down from 42% in 1980, About 11% of the towml female labour force and 18% of
the total male labour force is engaged in agriculture. In 1993, agriculture accounted for 16% of
GDP. Inflation reached 880% in 1993, 320% in 1994 and 150% in 1995,

CLIMATE AND WATER RESOURCES
Climate

Seven climatic zones can be distinguished within the Russian Federation. Their main features
are presented in the table below. In large regions, [emperature is @ major consitaint on

Cropping.

Materiale protetto da copyright



Ireiganion e foroer Sovie! Unian corndes o figeres 11

Climatic zones in the Russian Fedaration

Climate type “ ol |Hegean T Rimperaiirag I*'tr
area of warmnar | coldes
(BT ranih ik
Palar 8%  |Tar narth 0
Subpalar 10%  |nesth 10
Ioderatshy ool B0 [halt of country, with continenlal legtures moreasing 20 -2
towards east
Moderately cool, mantimo 2% |the coasi near Japan 16 100 18
foderately wiarm 184 |Maoscow regeon {continentall and near the Balbe| 18t 20 | O to 168
San Irangiticnall
Modaratety warm, sami-dry | 10% | &t the share of the Sen of Azow, s the Volga reglon 20 10
and iri the southern Fenges of Siberia
MModeratedy wwarm, dry 5% (northeasterm foot of Caucasus up fo the Yaolga| 306 25 | O to-10
mauth

Precipitation in the Buszian Federation ranges from less than 200 mmYvear at the mouth of the
YWolga River in the southwwest of the coumry, in the central part of the far east {Yakuisk), and
on the Arctic Ocean c¢oast east of the mowth of the Lena River; up o 1 000 mm in the
mountains of the far east. The anmual precipitation ranges from 400 tw 500 mm in most areas
of the European part and western Siberia, and from 300 to 400 mm in central and eastern
Sibera. The average annual precipitation for the country as a whole 5 589 .

River basins and surface water resources

FEILITE I
Most of the freshwater rtesources of the Imtemal ranewalde surlece waler masounces by
B _ L mejor bisks group
Fussian Federg:mn are comained in the Tomal: & 0387 km3Aear gk oy
permafrost which covers the nonh of the ard Badiic
= 5
European part and  western Siberia, all CopissSes  gpu
5 = IR
central and eastern Siberin and almaost all the
far cast region. These resources, as well as e
the glaciers in the Arctic islands, in the Ural 129%

mounteing and in the mountains of southern
Siberia, are of no practical use.

Aok Toman
It iz only possible to use the resources of T
rivers, lakes and groundwater. There are
1200000 rivers over 10 km long. Their woal
lenath within the Russian Federation equals
2.3 mllwon km, their 1ol discharge w the sea is us:imn[-::d ar almost 4 202 km’.f}'tar and Lo
olher countries ar 20.4 km'q.fyw. About 12.2 million km~, or 71% of the total area of the
country, drain tewards the north inte the Arctic Ocean; 2.4 million km®, or 14%, drain
towards the east inta the Pacific Ocean; and 1.6 million km®, or 10%, druin towards the south
into the Caspian Sea. The remaining 5% drain towards the southwest mto the Black Sea and
the Sea of Azov and towards the west into the Baltic Sea.

Of the wial anneal RSWR. estimated at 4 222,24 km’, 185.54 km' come from neighbouring
countries, the remaining 4 036.7 km' being generated inside the country {Figure 2).

The rivers of the Russian Federation freeze for from ene month in the southwest berween the
Caspian and the Black Sea, up w 8 months and longer in the norchern part of Siberia and the
[ar easl region.
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Renewable Surface Water Besources [REWR) by major river basin

Mama af Mo ragee Aran ol BEgin Inbgtl Inflaw Tustal [T
filt wakhrs The bt Fram, Fudl | ASWA N&Even
_ Hul_pun Frc [ 30HAD &me | 1000 km om e | b iy from: b peer ee
Arctic Ceean:
Buvamays Dwing |Momhipn 3ER 385 1400 - 1408 |Whine S=a
Pachors Martham 3232 32z 128.0 . 1289.0 |Bardnes Sia
=] iral, W 5 lania 2 5 2310 3Ga.0 | A8 |Kearakhscan 420 |Kara Bea
Yy Skatin 2 580 I 180 0801 250 |Mengoba EI0E |Kes Son
Pyasing Easnivn Sibierke B2 182 B10 B B30 |Kere Sua
(] E.Gkana, F.Enst £ AT AT B30 E 532.0 |Lagawd Soa
Ehwfanga Ewikern Silnzia 423 433 HR.O - BAD |Leciee SEa
Chanik Fa* East 218 213 34.0 . 380 |Liptis Sea
Indigirka Far East 30 ann 5.0 58.0 |Emst Sibeela Sea
Ealgma Fur East 847 aa7 128,0 1200 |East Siberiy Sea
Cahd rivsis 2 GE0 2 BED g73.0 - B73.0
Hubintal 132190 | 12160 ) 3 G350] 614 |Skigial J 0N A | Sukqotal
Pacific Deean:
At E.Sibaiin, F.E&r 1 BES THD Z26.0 | 1000 |Mongois, Chea 325.0 |Sad of Dkbseuk
Karchaks Far Emst 2] bl JA.0 r 33.0 |Pacinia
Arnatdyr Far Emit 181 183 530 Z3.0 |Bating Sen
Lhhe rivers 1412 4132 230 T ]
Bubrioned R LS 2435 G01.0 | 1000 |Swbeoial
Casplan Sen:
Valge g 1Ak 1360 | 2300 2300 |Caspan Sea
Lral Lial 270 A R1E] 5.0 . 5.0 |Karakfntan
Onher rivevs 160 160 2.0 ] 2.0
Sutintsl 1 740 1 630 F55.0 0.0 |Sekeatal 256,00 ||Sukgotal
ElackiBaltic;
Cotinge Cirtial RER 13& B.Z . B.Z2 |Balaie
Qan . Coez.. . Tohe. aA3F 450 34,3 2.7 |Wersng A7.0 |Block SEn
Kartuan H.Coucnius 58 hE 13.0 . 13.0 (Bleck Saa
Wasrern Dwving Ceraral 24 B T.Z ' 7.2 |Balanuss
Hiva Hpighemn 481 230 6.0 | 16.0 |Fisls &2.0 Balic Sea
Frayisl Kalingiad i5 132 1.0 2.0 |Levhrodnia, Poland 3.0 |Bahie Sas
Mamunas Ealimingiad 2] 3 .o QLA Lsh, Belar, Poland 1.84 ldahic Gos
CRlir rivirs ] N 15.0 1.0 |Esf oo Lafvaio s T6.0 |BisekBalieiatin
Sutary 1 HE BLG '“-E.s 22 ha
TOTAL HIJEHIEH-i 20T 17075 | £ 036.7| 185 4 322 22| TOTAL ﬂIJEEIAﬂ
|FEDERATION FEDERATION

Groundwaler resources

The renewable groundwater resources are estimated at TEE I:m:*."}'l:nr. This figure, however,
does not include resources in the form of inland ice, glaciers and pergelisol (permafrost). For
the regions of western and eastern Siberia alone, the quantity of ice of the arctic islands is
estimated at 5 000 km’ and that of the mountain glaciers at 170 km’. The resources in the
form of pergelisol are even larger. The overlap between surface water and groundwater
resources has been estimated at 512 l‘.l'I'IJ."_'p'EII.E-

Water resources distribution

Water resources in the Ruossian Federation are very unevenly distributed in relation 1o the
population. The European part, where 80% of the toml population lives, has 360 km® of
surface water resources, which is about 8% of the total river runoff, and 23 km' of
groundwater resources, which is 10% of the toal renewable annual groundwater resources, In
the Terek basin draining into the Caspian Sea in the southwest (northern Caucasus region) and
in the Western Dwvina basin in the west (central region), the annual river discharge is about
2 000-3 000 m° per inhabitant, while in the Siberian and far east basing it reaches
120 000-190 000 m’ per inhabitant. The water resources in the densely populated Powvolze
{(Violga region) with its rich soils and in the black soils region (central Tehernozem) in the

FEuropean part are estimated at around 2 000 i finhabitant per vear. The huge distances
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hetween the Siberian and Euwropean basine make it practically impossible w transfer water
fromm Siberia to Europe. Transfer projects were considered in the past but encountered several
prohlems, including environmental ones.

International agrecments

During the Soviet period, an agreement concerning the use of water of the Amuer River was
concluded with China. Fepegotiated and modified since 1991, the latest agreement was signed
in 1996, There are also agreements with other neighbours (Poland, Finland), These are
peneral agreements, fixiog the borders, including texts on crime issues, Dshery, the
prevention of pollutnon in eiver courses, ewc. There have been no new mermational
agreements on water sharing with the other countries of the FSU, and the inter-republic
arcangements from the Sovier perind are siill in force.

Lakes and dams

There are about two million fresh- and saliwater lakes in the Russian Federation. The largest
sultwater lake is the Caspian Sea, surrounded by the Russian Federation, Kazakhstan,
Turkmenistan, Iran and Azerbaijan. The largest freshwarer lake is Lake Baikal, locaed
entively within the Russian Federation in the scutheast of castern Siberia,

Dams have been constructed on most large nvers i the Russian Federation, mainly for
electrical energy production, butl also for icrigatos. There are 330 large reservoirs in use al
present, with o capacity of more than 200 millicn m® each. Their total capaginy is 360 km’.
There are abour 3 000 medivm-sized reservoirs, The gross theeretical hyvdropower potential is
estimated af 2 900 000 GWh'vear and the cconomically feasible potential s estimated ai
B2 000 Gwh'vea, The hydropower installed capacity is estimated at 40 GW,

Water withdrawal and wastewater

In 1982, the water withdrawal was 97.8 km', while in 1994 it had dropped w 77.1 km'
(Figure 3). This reduction in water consumption, which concerns industrial and irrigation
water withdrawal, has been related 1o the difficult economic siuwation in the Hussian
Federation, which worsened i 19900 OF the total water withdrawal of 771 km® in 1994 for
domestic, agriculural and industeial purposes, almost 20% waz wsed for ireigation (Figure 4},

FIGURE 3
Evialutien of water withdravwal
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Only a small quantity of wastewater under- e

goes treatment, In 1990, the quantty of  weer withdrawa
produced wastewater was estimated ar abouf Totalk 77.1 kv in 1594
33.9 km', of which only 5.1 km', or 15%,
was partly or fully treated.

Pollution in maost industrial centres has resched
dangerous levels and rivers have been severely
polluted, The country has a long history of
serious environmental accidents, especially in
the fuel and chemical idustries.

IRRIGATION AND DRAINAGE DEVELOPMENT

Larger scale irrigation and drainage works

started at the beginning of the eighteenth

century. The main goal of the water works was not the development of agriculture, but to use
the water to generate power for the mines and steelworks of the southern Urals, and to drain
areas near the then capital, Saint Petersburg. However, he damming up of water in the
neighbourhood of the Urals also enabled the development of irrigation, while ihe drainage
works turned some of the swamps into cultivable land. During the nineteenth century,
icrigation developed slowly, mainly owside the werrory of wday's Bussian Federation. In
1894, (he first povernment land improvement institution was established, called the
Depanment of Land Improvement, and warer legislation was inireduced in 1902, In 1914,
abowt 204 000 ha of irrigated land and 890 000 ha of drained land were used for agriculivre
within the territory of the present Russian Federation, A sudden acceleration in drainage and
irrigation work ook place between 1920 and 1931, in connection with the great elecirification
programme (GOELRO), Initally, electrification always had priority over iecigation and
drainage. Only in the 19505, during the construction of the Yolga cascade reservoirs, did
irrigation beoome as important as hydro-electricity in water development design. In 1967, the
irrigated area was 162 million ha, which was eight tmes the iecigated area of 1916, while the
drained area of 1.64 million ha was almost twice that of 1916, By the end of the 1980s, every
year, up to 200 000 ha of newly irrigated areas and 160 000 ha of newly drained areas were
given for agricultural use. However, the scale of the negative effects resulting from the drying
up of swamps and from the salinization of irrigated apeas was increasing. The rhythm of
development of irrigation and drainage work slowed down at the beginning of the 19%0s,

Irrigation development

Based on climate and soil conditions, it is estimated that 13-20% of the cultivable area needs
irrigation in the moderately warm dry semi-desert zone, 3-8% in the moderately warm semi-
dry steppe zone, 2-5% in the moderately warm semi-dry forested steppe zone, and 1-2% in
the moderately warm forest zone. Figures for irmigatton potential are estimated at almost
20 million b wunder permacent irfgation. Other sources give a potential of moere than
T4 million ha of complementary irrigacion,

In 1990, irrigation covered 6.12 million ho. In 1994, however, it had fallen o 5.16 million
ha, which was equal 1w about 4.4% of the cultivated area (Figure 3. One reason for the
decrease has been the economic recession, The sprinkler systems {(accounting for almost 96%
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of the area equipped for irrigation in 19900 ceimes

arg overused, and there is no maintenance Evnlution of irrigation
and  operation system. This  progressively

rezults in the complete destruction and subse- -

quent abandonment of the schemes. Ancther

reason might be that in the past the saristics &

were overestimated; the figures for more
recemt years scem o be more reliable. The
largest irrigation development has taken place
in the north Caucasian and Volga regions.

mickoes hscharpr

[rrigation was uwndemaken mainly on huge

soviklioz and, 1w a smaller extent, on Eefllhoz, 2 . i :
Woater fees were formally introduced in [958, BT3 w0 w2 T w3
but the charge was quite insignificant and !

pever actually collecred., Until 1996, there

existed mo organizational forms of water FIGURE 6

= . . , ] . Irrigaton rechniquos
administration for the newly created farms. Totat § 12 00 ha b 1680

Most of the land  under erigation s Surtace
commanded by reservoirs, and open canals B

convey the water w the irrigation schemes.
The largest capals are: Saratowvski, Donskl,
Magistral,  Great  Stavrepolski,  Tersko-
Kumski  and  Kwme-Manveki., Within  the
schemes, wunderseound pipes  convey  the
water (o the emiters (rain guns). Sprinkler

irrigation i the most widely used technigue Barishy
(96% of the area), surface irrigation being i

used on the remainder (Figure &), In 1990,
only 21% of the rmzated Losd was equipped
with a dramage systenm.

In 1994, jrrigared crops covered almost 4.1 million ha, equal to 79% of the equipped area.
Fodder represented fhe largest irrigated crop area with almost 2.6 million ha, 62% of the
total, It was followed by cercals and pulses (Figure 7). Yields of irmgated crops are higher
than those of rainfed crops. Irrigated maize yields are abour 2.7 vha compared with 1.7 tha
lor ramfed maree, For barley, the respective figures are 2,25 and 1,635 1/,

Drainage development

In 1990, the drained area was 7.4 oullion ba, of which almost 44% was equipped with
subsurface drainage systems (Figure ). However, in 1994 the drained area had dropped 10
about 3 million ha. This fall was due either 1o the breakdown of the infrastrucure because of
overexploitation withour proper maintenance, or to the thefl of pipes or the destruction of
drains {Figure %). In 1994, crops were grown on 2.45 million ha of drained land, the major
crops heing fodder crops followed by cereals (Figure 100, Yields of drained crops arc
somewhat lower than those of rainfed crops. This might be explained by the fact that drained
lansd 15 already of marginal quality. Soils are very poor with a low pH and are not really
supitable for cultivation., Another reason for the low vields mught be the advanced stare of
degradation of large parts of the drained land.
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FIGLURE 7
Irrigated crops
Total: 4 G085 000 ho in 1984
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In 199, abour 25.6 million ha were csli-
mated to be excessively humid and marshy
areas needing drainage. Owver 13 million ha
werg estimated 1w be salinized and 24,3
millicn ha 1o have saline soils {solontchak).

INSTITUTIONAL ENVIRONMENT

Under the Soviet Unton, the Ministry of
Water Administration  (Minvodkhoz)  func-
tioned at the level of the Soviet Union, and
the Ministry of Land Improvement at the
Russian Federation level. After the ending of
the Sowviet Umon, both  ministries  were
dissolved. The 89 admimstrative wnits of the
Russian Federation are now emitled to
develop their own water administration policy
and establish suitable organs. At federation
level, two ministries are responsible for water
administration:

- The Ministry  of  MNatwre  Protection,
responsible for water resources profection
and water qualicy;

= The Ministry of Agriculture, whose activity
during recent years has concentrated on
structural transformations in the agricultural
seclor.
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FIGLIRE 2
Crainnge techniguos
Togal: 7 393 000 Pa in 1953
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FIGLIAE 10
Crops grown on droined areas
Total: 447 003 ha i 1951
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Irrigation and drainage activities are the responsibility of the Russian Waer Commities
(Reskemvod), reporting o the Ministey of Agriculture, and alse of joimt stock companies,
carrving out irrigation and drainage works, subordinate o the minisiry,

The State Hydrological Institute in Saint Petersburg is an independent unit, reporting directly
o the government. It foruses not only on scientific research and estimation of water
resources, but also prepares plans for water resources wtilization and supervises their
execulion with regard 10 resources protection.

The instiwtes of the Russian Academy of Sciences involved o sedl and water research
programmes are; the Instiowe of Water Resources (Insting Vodayeh Problemoy RANY and the
Institute of Geography (Institut Geografii RAN). Irrigation and drainage technigues, land
cultivation within improved areas and similar problems are the concern of the scientific
msliutions reporting 1o the Academy of Agnicultoral Sciences.

The main information centre concerning  witer resources amd their wilizaton s the
“Wodinform™ Agency in Moscow,

TRESDS IN WATER RESOURCES MANAGEMENT

Adier a pericd of rapid irrigation development, there was a slow-down and the area equipped
for irrigation even decreased by 16% botween 1990 and 19%, Even faster was the process of
degradation of irrigation eguipment. During the same period the drained arez decreased by
22%. Howewver, in this case i can be assumed ut the official duz from 1990 were overstated
and thar the actual drop was a linde slower, The declining wend persisted in the period 1994
B, During this pericd, there was practically no wew brrigation or deainage development and
part of the formerly cultivated lands was excluded from use. The reasons have been the
general difficult situation in Russian agriculture and the low vields on irrigated and drained
lands.

Large irrigated and dramed areas are vsed foc growing unprefitable crops like fodder crops,
graim and potatees, On irrigated areas, crop vields are higher than on eainfed land, bur the
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difference is not always significant, On drained areas, vields are often even lower than thoss
of rainfed crops,

Dwuring the last few years, there has been a decrease in crop yields on irvigated and drained
arcas. One of the reasons for this has been the rise of the Caspian Sea level. In the Povolzhe
region (Volgal, this has caoused groundwater levels to rise and the fooding of fields, This
process has affected 719 (00 ha of irrigated land and 563 000 ha of drained land in the
districts of Astrakhan, Volgograd, Saratov and Samara. The causes of the rise of the Caspian
Sea level have not yet been explaned.

Though water managemens policics can be decided by the 89 administeative units themselves,
most of them have not yet prepared their future programmes. The exception is Kalmykia,
located between the mouth of the Volga River and the Caucasus mountains. This is one of the
richest parts of the Russian Federation and large irrigation projects have been planned for the
peciod T9S9E-2003, w be trrigated mostly from groundwater,

The Volga River is the river worst affected by pollution, as it receives 45% of all the sewage
water of the Russian Federation, However, dus fo the recession, industrial activity has
decressed in recent years, resulting in less sewape water.

Maun S0URCES OF INFORMATION

Tlhve ot comprete infarmarion on e presers siere af erlgation and draimage n the Russian Federarion
f pvatfable o serbrical vearlooks i Bussion fwihich cormain more igformaion Man ohe Enplish
versionst ard in the pellicaiions: Melioraisio § Vodnoe Choperpstve [Drainage and Wader Management)
ard Voulwye Reswesy (Water Resources), published by the Russion Acadeny of Sclences in copperaiion
with the Minisiry of Agriceliare, Publighing Houge: Agropromizdar.

Kopyomy, LM, 1996, Water resources of Siberin (Vodnyye resursy Sibinid, Scholar Geography
i&ﬂgﬁﬁn v shkole), Mo 1, Pp- 15200, Mini:lr}- of Education, Mascow_ {111 Fussian)

Murray Fockbakh (ed. ). 1995, Environmental ond health atlas of Russia. Paims, Moescow, 320 p.

Goskomsta (Russian State Committer of Statisticsy, 1995, Siatistical vearbook of Russia (Rossivskiy
statisticheskiy ezegodniky. 1945, Moscow, Y748 p,

Cionskomstat Rosii. 1995, Agriceliune in Bussia (Sel"skove kKhozaystvo Rosii), Moscow, 504 p,

Mimisiry of Natural Envircament and Besources Prowction. 1998, The siae of the environment and
environment  protection on the  ex-USSRE  lerritory  (Sostoyanie  oknmayushichey  sredy
prirorookhronnaya devatel nost oo terrilonil byvshego S53R). Moscow., 160 p. (in Bussian).

Teherreyey, AM. er gl 1992, Waler resources and water management in Bussia (Vodievye resursy |
vodnoye khozaysove Rosil), Drainage and Water Management (Melloraisia | Vadnaye Khozaysive), No
9-12, pp. 2-5, AgrepromizdarMiniscry of Agriculore, Moscow. (in Russian).
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Tajikistan

GEOGRAPHY AND POPULATION

Tajikistan is a moumainous, landlocked country in the southeastern pan of the Cenral Asia, It
has a total arez of 143 100 km®. It is bordered in the west and northwest by Lzhekistan, in the
northeast by the Kyrgye Republic, in the east by China and in the south by Afghamstan, It
became mdepemlent i Sepremiber 1990 Adoumstratively, the country iz divided o four
oV inces,

TAELE 1
The different regions of the Basic statistcs and population
country  are  separated by Phyysical areas:
. o o Araa ol 18 Goarany 1554 14 310000 ha
high mountain ranges and o S 1904 1671 000 ha
ire often isolated during the Cultivated aroa 1544 765900 ha
winter months. The ool of - anrusl crops 1aa4 GED 400 ha
© PEAMEANENT CrOps 1844 BOS00  ha
the country covers part of 7 —
the Fergana valley, which i | 7o poputsion | 90 5935000 iheb,
a4 major agriculural area in Popilaticn densiny 1544 41 inhak.dem
, - Fural popudation 1896 GE %
the region. A few vallevs in Ecanomically aclive population
the  cemral  part of  (he enganed in agrcuies 159496 ar %
country are situated berween "'*-"'*""**::E;m - :-i
several  mwountain chains,
. ‘Water supply covernpe:
Most of the country ligs at Liaan popUkation 1994 a0 %
over 3000 m above  seq Hural papulation 1994 20 %

level. In the east of the

country arc the Pamir mountaing, which are part of the Himalayan mountain chain and are
among the highest and most inaccessible mountaing in the world. The highest mountain in the
country, as well as m the whole of the FSU, the Peak of Communism with an altitude of
T 495 my, is siuated in this rerion,

The cultivable area has been estimated o 157 million ha, which is abow 115 of the mal
areg of the country. In 1994, the oal cultivared arca was estimated at 769 900 ha, which is
almost half of the cultivable area. About 689 400 ha consisted of annual crops and £ 500 ha
of permanent crops, of which more than half were vineyarnds.

lin 1994, there were 297 OO0 households in 262 Lolkior (collective farms), occupying 43 4%
of the cultivated area, and 199 700 households in 393 sovkkoz (state farms), occupying 44.3 %
of cultivated area. Private plots and land leased 1o stite farm employees {ahout 33 (K8}
howseholds) towwlled only abour 7.3% of cultivated area (Figure 15

The tetal population is 5.9 millien (1996, of which 68% s rural, The average population
density is about 41 inhabitants/&m’, The southeast of the country has the lowest population
density with fewer than 3 inhahitants/km®. The highest population density 15 the southwest
with 77 inhabitants/km”. Between 1990 and 1954, the average annual population growth rate
was 19%, while during the 1980% it lad been 335 The mam reasons Tor te decline have
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TAHBLE 2
Water: sources amd use
Fanpwanble waler resourcas;
Averags precipfation d4a1 iy
G888 km'ryr
temal renawable waler resources ag, 30 knl:_'.".lr
Total |aciuall rerswable waler resowrces 19497 1688 km'lyr
Dapsndancy Fatio 14997 1.7 %
Tolal |aciual rerewable waler resources per irfabitant 19498 Z 893 |'1:'.'l.-r
Total dam capacity 1994 B a7 10° m’
Waner withdraveal:
- agpicultural 1994 10 961 10"
+ dameestic 19494 412 105 ml e
- inchigtrinl 14994 51 10" m'pyr
Tola? waler withcrawal 11 874 10° it
per inhabaar 14494 2874 iy
a4 %5 ol 1pal {pctuall renpwshlke whler Fagourcas 43 %
Qiher waxer withdrawal . 10t m:':'-.'r
‘Wastewater - Non-converional sources of water:
Wasrawate:
- produced wasiewater 1994 GETF 08 il
treated wastewaier - 105 mdmyr
- Fig-vesind Eraanesd asTeveanar . 0" m e
Ayricultural drainigs wialss 1994 2 73aQ 1ot "1]|'5.'l
Dnsnbnated watar 10° m e
been emigration and lower binth rates resulling  mguae s

from deteriorating socio-economic conditions.
In 1996, agriculure employved 37% of the
economically active  population. In 1992,
agriculture comributed some 17% of GDP.
The contmbution of crop production o the
gross agriculivral production was abour 645%,
while animal  busbandry  conribwed  36%,
Abouwr 934% of crop production comes from
irrigated lands.

CLIMATE AND WATER RESOURCES

Climate

Lend categories
Tolak 769 900 ha in 1084

e adedi
OIS b
b i 8

Soavhhor
441%

The climate of Tajkistan is classed as continental, bug i1s mountainous terrain gives rise
wide wariations. In those areas where cultivation takes place, which s mainly in the
flondplaing of the rivers, the climate consists of hot, dry summers and mild, warm winters,
The average annual precipitation is 691 mm, ranging from less that 100 mm in e southeast
up 0 2 400 mm on the Fedchenko glocier in the central part of the ¢coumry. Precipitation
ogeurs during  the  winter season, mainly berween September amd  April. The average
temperature is about 16°-17°C, The absolute maximum temperature recorded is 48°C tn July,
the absolute minimuem temperature -49°C in Janoary. The daily temperature range 15 about

TC im winter and 18°C in summer.

River basins and water resources

Tajikistan can be divided inte four major river basins:
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TAELE 3
brrigation and dirainnge
Iriigaticn potential 1904 755 200 ha
Irrigartion:
1. Fudl ar partad corirel rigation: soupped anes 1995 719 200 hiai
- gurlags ivigation 1994 719 200 (]
- prnklar ergnton 1884 . [3L]
- I 1534 4] hia
B of wes irralad i grdurelwalen 134 .5 %
% of area imigated brom suiface wader 14494 B¥O %o -
9 of gres irvigatad Mo non-convaivionsl BouTses B 35 T
% al eouipped area actually inigated L] %
2. Euiipped watlond arel indarsd wallay Botiems oy, b . ha
A, Spate Engaman . [i%]
Todal irrgation (14 2+ 31 1882 719 200 Ina
- a5 % ol cultheabed area B34
- msrenss cepn lasl 10 yaars 1335-54 16 %o
- poaver irigated area as % of imigated arsa 1094 44,2 %
Fufl ar pastial control brigation schemes: Criteria
Largo-sopke schamag = & 300 ha 1992 670 S ha
Meotium-scale schemes 1894 1] Ina
Simpl-sspks gohamas < & Q00 ha 1944 49 20 (%]
Total mumber of houssholids in inmgsticn .
Irrigated crops:
Toeaal insiggatae] grain prockictian 1994 192 100 ]
as % of total grain productian 134 E4.5
Harsistad crops under irrigation 1594 719 0d ha
+ perrane it crops: total 1933 a0 Ly ha
- anmiaal craps: [etal 1994 gaa 7od ]
- catton 14994 282 140 ha
| lolidar crogs 1994 117 30 ha
. caimple 1552 148 57 hia
- wogetablos 1994 23 Db it}
arthar amnual orops 14484 TO 8D a
Ciraingyge - Envwirgrsant;
Cuairesd area 1984 323 B0 ha
- dfrainged area in full or panial control rogaied areas 1884 A28 B0 [§F]
< drammed areb in ogugppad waland and b, . R
« pther draned anea - i
- g Wil sibsiwEince drains 1994 137 80 In
- dipa willy gurlace draing 1994 191 Qa0 ha
Craired area as 3o ol cultivated anka 427 %
Pawer dramed arsa &5 % of 1olal dransd sea 134G |5
M aplnzed by irigation 1884 115 G [§T]
Papulstion sliocted by worar-bora fsanses . irfhabianis

- The Syr Darya basin. The northwest of the country forms part of the Syr Darya basin.
About 785 of the flow of the Syr Darya River is generated on the territory of the Kyrgyz
Republic. Only 1% of the toral flow of the Syt Darya River is generated within Tajikistan
by the shallow rivers Khodzhabakirgan, Aksu. Isfara and Isfuna, with a towl Oow of

0.4 km"'.":..'mr.

= The Amu Darya basin, About 82.5% of the flow of the Amu Darya River is generated on
the territory of Tajikistan by the Vakhsh, Pyandzh and Kafirnigan rivers. The Vakhsh River
is the largest river in Tajikistan, crossing it from the northeast to the southwest. 1t rises in
the Kyrgyz Republic, where it is called the Kyzyl Suu, and its catchment area lies in the
highest part of Tajikistan ar over 3 500 m. The Pyandzh River forms the border herween
Tajikistan and Afghanistan for almost its entire length. After the confluence with the Vakhsh
River, it becomes the Amu Darya River and abour 100 km further downstream it leaves
Tajikistan to become the border between Afghanistan and Uzbekistan. The Kafirnigan River
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is another lacge tributary of the Amuo Darva Biver. I rises i Tajikistan and flows o the
Amu Darya River about 36 km downsteeam of the confluence of the Pyvandzh and Vakhsh
rIvers,

- The Zeravshan basin, The Zeravshan River, rising in Tajikistan, was once the largest
tributary of the Amu Darya River. At present its flow is almost fully wsed, mainly for
IFrigation.

« The basin draiming o China. In the extreme northeast of the country, a small area drains
towards China, Mo Ogures on flows are available.

Renawable Sorface Water Resoercas (REWRI by river basin

Hiuer Pary af tatal Intenial Indlees securnn Thitliaw Bcriad
Liasin areg af coumtry RSYWR by Truaties 1o b regaryed ASWA
| %ah lkrn iyveard | ke iyeark from: |k hyear) io: [k Hparl

Syr Darya 11 [+ R 11.EBD Lizbekistan 11.654 Uzbnkistan GG
A Darys a4 58.03 1.51 Eyrigwe Rop, 49,05 Ligbukintan 1.5
Zeravshan 4 4.87F 300 Uzbokistan 1.TH
Wi ifiast 1 - - - China -
Tatal 100 B83.30 1351 a3.63 12.5E

The tal IREWER of Tajikistan are estimated FIGURE 2

at B33 I;_m]'_n':,lr;a[ (Figure 2. During  the nternal renpwable surfsce water resQUTGRE
Sovict period, the sharing of water resources B maier river basin

among the five Central Asia republics was on L B

the basis of master plans for e water TI% G fiam
resolrces development in the Amu Darya and o
Syr Darya  river  basins,  Wih  the
establishment of the Interstate Commission
for Water Coordination in 1992, the newly
independent  states  decided @0 prepare a
regional  water  strategy  (Agreement  of
13 February 19923, bul (o continue (o respect
the existing principles until the adoption of a Aty
new water sharing agreement © be proposed e
by this mew water sirategy. The surface waler

resatrces allocated o Tajikistan are 1hus

calculated every vear, depending on the existing flows. However, on average, it can be
considered that the surfuce water resources available for Tajikistan are 1298 k' fvear,

The internally generated renewable groundwater resources are estimated at 6 kJJlJ.I'_'.-'l:-iLT, of
which 3 lr.mf'.f:.-tar overlap with surface water resources. The part of groundwater resources for
which abstraction equipment exists has been estimated at 2.2 Iun]."}'rﬂr.

The ARWER of Tajikistan can thus be estimated at 1598 k' fyear.
Mon-conventional sources of water
In 1994, ihe retwrn flow  within Tajikistan  amounted 1o 436 kJI'I:I."}'t‘Hr, including

178 I-:m:'.f].r:ar of collector-dramage flow from irmgation and about 058 km‘."year of demestic
and mdustrial wastewater, The maim part of the rewrn Mow, abowee 394 Iunla';.'eur, flows back
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to rivers, of which 2,85 Lm into the Amu Daryva Kiver and 1.09 km' inte the Svr Darya
River. More than 1] 35 km .I']."l:ﬂ.l' (8% of total return water) are re-used for irrigation, The
remaining .06 ko'fyear of retwen flow are directed to natural depressions.

Lakes and dams

There are 1 300 natural lakes in Tajikistan with a towal water surface area of 703 km® and a
otal capacity of about 50 km". About TE% of the lakes are situated in the moumain zone
above 3 500 m above sea level, The largest lake in the country is Lake Karakol in the
r:u:n-rlll.nEaSI1= at an altiude of 3 914 m. with a surface area of 380 knm® and a capacity of
26.5 km'.

In 1994, there were 19 dams in Tajikistan: 3 in the Syr Darva River basin and 14 in the Amu
Drarya River basin (7 on the Vakhsh River, 4 on the F'].fandzh River and 3 on the Kafirnigan
River). Their wtal reservoir capacity is abowt 29 km' and rhe reservoir area 934 km”. There
are pine Iarge Peservoirs [c:l.pﬂmp maore than 500 million m” each) with a total capacity of
2534 km and an area of 69 km™, The largest reservoirs are: the Nurek on the Vakhsh River
{105 km’ b, the Kayrakkum on the Syr Darva River (4.16 km’ }, and the Lower Kafirnigan on
the Kafirnigan River (0.9 km®), The Nurck headwork incorporates a unique rock-fill dam with
a central core, 310 m in height, 2 power plant with a capacity of 2 700 MW and a reservoir with
a capagiy of 10,3 km'. The Rogun reserveir on the Yakhsh River (8.6 km') has been planned,
but not yet constructed. The main purposes of the reservoirs are hydropower production and
Irrigation.

The pross theoretically hydropower potential :,f;:it:“hm“

of Tajikistan is estimated at 327 000 Gwh! Tots: V1ETE ko i 1954

vear, abowt  half of which  would  be

cconomically  feasible. In 1994 (he 1ol "":'2',;'“ [ Y——

imstalled  capacity  was  abour 4 GWh, e

penerating  abour 98%  of ahe  country’s i
electricity. Tajikistan ranks third in the world
for hydropower development, afier the United
States and the Bussian Federanon.

VWater withdrawal and wastewater

[n 1994, fhe total anmual waler withdrawal
was estimated at 11,87 km’, of which over
92% for irmigation purposes (Figure 3). Abowt
226 km was groundwater, an - esti-mated
{1.35 k" re-used collector-drainage water and wastewater for irrigation, and the remainder
WS surl!'ana water (Figure 4), In 1995, the toal water demand for all sectors was extimated ar
12,955 km' .

IRRIGATION AND DRAINAGE DEVELOFMENT
Irrigation development
Irrigation in Tajikistan is imperant for the development of agriculiure and the national

economy. In 1960, the total area equipped for irrigation was estimated ar abour 308 000 ha.
In 1994 i was 719 200 ha, which was 93.4% of the tal cultivated area {Figure 3). About
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FIGLAE 4
Oeigin of woter usad by & colod
Towd 11,672 v’ o 15158

4
8,
7
&
36,
E 4 D%urace walm
3 Bimundsale
OMfatem fow
2.
1
a pm— i e L
Leailoch Domease Indugksy
335 of the waal irrigated area (240 200 ha) 5 poimes
silmtled in the Svr Darva River basin and Evolution o iFsigation
7% (479006 ha} in the Ame Darya River
basm, of which 20000 ha i the Zeravshan e
busin, 49000 ha o the Kabrmgan basin., -
L8 000 ha o the Pyandzh basin and 392 000 .
I i dlee Wakhsh basin, Considering that a 3 e
lurther 36 000 ha are potentially suiable for "é
irrization development up o 200, the tooal 3 b
potential for irrigation development kas been =
estimated at 735 20 ha. e
In northern Tajikistan, rgation 15 manly 2 : ‘
based on the water resources of the Svr Darya e

River, whose water is delivered by pumping

stations, The Tajik part of the Hunger sieppe is

bordered in the northwest by Uzbekistan, This region belongs w o a semi-deser zone and the
rrigated area 15 about 39 0 o, manly used for coffon. Water is taken from the diversion
canal of the Farkhad power plant i two stages by remote-controlled pumping siations, which lift
the water to an elevation of 1T0m. In 1994, the weal power irrigated aren was estimated at
18 000 b,

Large-scale iervigaton development in southern Tajikistan started in 1931 with the construction of
the Yakhsh mam canal i the Yakbsh valley. This canal 15 117 km long with a capacity of
150 m'is, diverumg water from the Vakhsh River for the irmgation of 120000 ha, The Yakhsh
main camtl was later peconsimucted, s capacity increased to 200 m'fs and the canal exiended (o
irrigace also the Akgazin plateaw.

Dwring the Soviet period, important irrigation development ook place in the Kafimigan River
basin, lecated m o southern Tajikistan. Togeter with Uzbekistan, Tajikistan builo the Large Gissar
el i 194940, which carvies water from the Dushanbe River into the basin of the Surkhandarva
River {sinsared in Uzbcekistany, The irrigated arca in this part of Tajikistan is about 25 O00 ha,
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Further irrigation development in southern —
Tajikistan wok place with the construction of Irrbgation techniques
the Nurek and Baipaza dams om the Yakhsh Totak 715 200ha in 1554
Fiver. Water s provided for the iroigation of
T 000 Iva in the Dangarin area, In the Yakhsh
basin, a large irrigation svstem (40 000 ha) is
located in the Yavan and Obikik valleys,
which are extremely short of water. At
present, the wvalleys are supplied with water
from the Baipaza reservoir through a tunnel
7.3 km long.

Surface irrigation s the only irrigation

technique vsed in Tajikistan. In 1994, fureow

irrigation was practised on over 96% of the

area equipped and borderstrip irrigation on

about 2%, On the hill slopes the delivery mer- FIGLRE 7
work for the irrigation of gardens and grapes Origin of irrigation wates
vonsists of pipes, but the frrigation technigue ot o s

used on the field s alse swrface irmgation s e
{Figure 6). Micro-irrigation was developed i i
3% LE L ]

on an experimental basis on 110 ha in 194940,
bur ar present is no longer used,

All irrigation is full control irrigation. About
68 00 ha are irrigated from groundwater and
about 235 OO0 ha from re-used drainage water
and  wastewater (Figure 7). To some
230 00 ha, or 24.8% of ozl area equipped
for irrigation, water is provided through
pumping in rivers, while clsewhere the water
is gravity fed from river diversion or
TESEFVINTE,

In 1994, the total length of the ogaten canal network was about 33 250 km. The length of
the mam canals and the imer-farm network was 27 991 km, of which 38% consisted of
concrete canals. The on-farm canal network tedalled 5 239 km, with 12.2% concrete canals,
21.9% pipes and the remaining &4 8% wnlined earthen canals (Figure 81 In 1994, the
irmgation efficiency, considering losses between the souwrce amd che irrigated field, was
estimared ar T2%.

Large-scale schemes, with an area of more than 5 60 ha, cover 670 (ME) ha, while smuall-
scale schemes, with an area of less than 5 000 ha, cover the remaining 49 200 ha (Figure 9).
No private irrigation systems exist in Tajikistan.

The major irrigated crops are cotton, fodder, fruits and grapes, cereals and vepetables
{Figure 100, Cotton, fruits and grapes are the most imporiant export crops. In 1994, irrigated
crop yields were 1.91 t/a for cotton, 0.85 tha for wheat, 1,71 «'ha for rice and 3.01 t/ha for
grapes.
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FIGLAE B
Typology of irrigation canals
Toaal 33 350 km in 1554
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Total

The costs of rrigation development  and
rehabalitaton are higher i Tapikistan than in
downstream coumries, mainly because of the
need for pumping and erosion contrel, The
average cost of irrigation development s
estimated at SUS 1 O00-18 0050/ ha for large-
scale  surface  orrigaton  schemes  using
standard  modern  echnologies,  including
agriculiural development. If micro-irrigation
were 1o be developed on the existing irrigaced
lands, G5 estimared  implementation  cos
wollld be 3US 2 300-3 300 ha, Annval O&M
costs which would enable full cost recovery
are estimated at about SUS 330Wha for gravity

. FIGURE 10
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Tatal: T19 200 ha i 1984
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surface irrigation systems, SUS 600/Mha for micro-irrigation and SUS 750/ha for pump
systems,  Howewver, in recent years the acteal operationzl cost has nor exceeded
SLIS 120-136/ha,

Waterlogging, salinity and drainage development

Out of the total irrigated area of 719 200 ha, over &00 000 ha requice drainage. However, in
1994, druinage systems had been constructed on only 328 600 ha. Approximately S8% is
surface drainage, and 42% is subsurface drainage (Figure 11). The average cost of surface
drainage development is estimated ar SUS

S00-600/ha, and that of subsurface drainage —

development at S5US 1 400Mha. The total Drainage techaigues

length of the existing drainage network is  Tomwb 526 600 he m 1984

ahowt 11 300 km.

The two major land quality problems in the

country are the inerrelated issues of salinity Bubyurt i
and waterlogging, caused by high ground- Sy

water levels, In 1994, abour 115 000 ha, or
6% of the irrigated land, were classed as
saline by Cemiral Asian standards {roxic ions
exceed O0.3% of toral soil weight),

[NSTITUTIONAL ENVIRONMENT

The Ministry of Water Resources (MWR) is in charge of water resources research, planning,
development and distribution. It also undertakes the construction, operation and maintenance
af the irrigation and drainage networks at inter-farm level, Water disteibution is based on a
strict limitation of water withdrawal, Water allocations are regularly reduced o promore
water savings and 1o satisfy the demand from new users. Institwtionally, water management
follows a hierarchy: state, provinee, distrct, famm {or WUA)Y The first thres levels come
wnder the MWER and are responsible for water distribution and delivery o the farm inbet, for
assistance o the warer users in implementing advanced echnelogy, and for the comtrol of
water use and water quality, The special reclamation services ar provincial level are the
responsibility of the MWE. They monitor the irrigated lands {groundwater level. drainage
discharge, soil salinity) and plan measures for the maintenance and improvement of soil
conditions, including leaching, repair and cleaning of collectors and drainnge nedwork, and
rehabilisation.

The Ministry of Agriculivre is in charge of agriculural research and extension, agriculral
and land reclamation development at farm level, and operation and maintenance of the

irrigation network at farm level.

The state enterprise ‘Tajikjilkomkhoz® is responsible for domestic water supply and the
treatment of wastewater. The Ministey of the Environment & responsible for the protection of
WiLlET Tesources.

The water law and water rights are defined by the special "Water Code of Tajikistan’, which
was confirmed on 12 December 1993,
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Tajikistan is a member of IFAS and [CWC, Within Tajikistan are the Leninabad board of the
Svr Darva BWO and the Kurgan Tube board of the Amu Darva BWO,

TRENDS IN WATER RESOURCES MANMAGEMENT

Tujikistan has developed owo alicrnative scenarios in s national water steategy, the main
obpective of wiich s water comservation.

Under dhe first scenario, the irrigated area in 2000 will be the same as in 1994, 719 200 ha,
while m 2000 it will be 743 000 ha. The main goal during the nest 15 vears will be the
rehabilivation of e existing irvigated land and o reduction o iecigation water demusd from
.23 k.m’.":.-'-ear in 1995 o 9,581 In:m?'s';-'f;a: in 2000, The irrigated arca por capant is expected o
fall from 0,12 ha 1o (.08 ha, which will mot be able wo satisfy the growing demand for food. In
the other sectors, witer consumption is expected to increase: municipal demand from 0.4% ki
i 1995 10 060 k' in 2010, industrial water demand from 0.5 ki’ 1 1.5 k', The 1ol water
withdrawsal is assumed o remain more or less stable, or even W decrease slightly during the next
15 years.

Under the sccond scenario, the wrrigated area will be 755 200 ha in 2000, while water
withdrawal will fall from (523 |-'.|]:|1|"j'e:||:' ol present we 1038 hn].l'ﬂar i 2000, The weal water
withdrawal is assumed o inerease by about 0.7-0.8 l;mﬂn':.'urlr.

The environmental problems in Tajikistan are the result of its climate and nawreal conditions
(steep slopes) and the structuee of the matonal economy. The irrigated area & subject w
substantial ercsion, land zlides, sagging and deformation, The ares affected is estimared w0 be
abowt 435 000 ha, Drrigation development in the foothill zone, especially in the more siony
areas, induces increasing groundwater recharge, mtensifying waterlogging and salinization of
the lower areas, amd incressing the sediment loaded drainage water runofl. Collector-drainaze
wirler 15 the principal water polluter (common mineralization, pesticides and some orther wasie
ingrediems), Environmental pellution is also increasing as a conscquence of  indusirial
production.
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Turkmenistan

GEMGRAPHY AND FOFULATION

Turkmenistan, located in Central Asia, 15 bordered in the west by the Caspian S¢a, in the
nortfvwest by Kazakhsian, in the nonh and northeast by Uzbekistan, in the southeast by
Afghanistan and in the south and southwest by Iram. The wotal area of the countey 18
488 100 k2. Tt formally declared s independence from the Sovier Union in Ocrober 1991,
For administrative purposes, the country is divided into five vilayais, one of which includes
ihe caprtal city of Ashkhabad.

The Kara Bum Desert covers B0 of the waal area of the country, In the southwest, along the
border with Iran, lies the Koperdag mountain chain with the Shakhshakh peak at 2912 m
above sea level, The highest point of the coumry is the Airybaba peak at 3 137 m, in the
Kougitaniag mowntzin range

in the east on the border  qape s

with Uzhekisian. Easic statistics and population
Phyysical arsis;

The cultivable area 15 esti- Arsa of the courdry 1948 48 810 000 ha

] s Calteealile area 1494 T 13000 ha
mated  at 7 mulhon ka,  or Cultieated aras | 904 1 755 300 ba
145 of the wal area of e - nnreaal eraps 1484 1611 200 ha
country. In 1994 the ol C TR Grops 1994 244 00D ha

e[ e e b S Population:
cultivited arey wis r&-ll]fll.l!.':d Tetal paputation 1998 4 156 DOD inhab.
at 175 million ha, of which Poptalion densty 1996 # inhaky, krn®
1.51 million ha consisted of "‘El}-::l“ﬁ]::r'::]_ T 1996 E5 %

. I 1eally w |

HII.J'II..IE] LTOPS, and 124 ergaged i agreubiuee 14988 36
million ha of permansnt af swhich: - men .
crops,  moestly  vineyards, _nenen %

R - Waoter supply cowerags;
pistichio  nwis,  figs and |\ ion 1994 8O %
olives, In 9%, the culi- Fiveal papdation 1994 231 %

vated area was divided into:

kotkhor (eollective farms) and seowbhor (state farms) which covered o combined area of
I 596 4400 ha; the ‘land of cinzens” on 109 900 ha (his corcesponds o gardens and individual
plotsy, and 48 900 ba of private farms owned by 4 300 households, Tn May 1994, a land
reform was approved by the povernment, This reform showld eventwally result in the
privatization of agriculmral land. The sovkhoz and kolfkfroz lands are o be distributed o their
employees under a lease contract of 99 years. AL the end of 1994, about 720 000 ha of this
lamd had already been distributed o 2ome 260 000 farmers (Figure 13,

The ttal population is estimated at 4, 16 million inhabitants {199%), of which 55% is mural.
The average population density is abour 9 inhabitants/km?. The aomuzl population growth rale
was estimated at almest 2% in 19935, compared with 2.3% during the 19805, The decline has
mainly been due o the prevailing difficult post-independence sconomic situation.
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TABLE 2
Water: sources and use
Aemewahble water resources:
Lunraga Erecipitatan 1491 iy
832 km'iyr
Irdarnal renewable wagar resOUrces ] I-.rn":".':
Tafal {actuall renewable waler resources 1997 24.72 k.l'll:l"p'r
Ceperedersy ratk 1997 L | L
Tatal fuctuall roes abla vwaler rogources pen mbakatant 1996 5949 nl:'."-.-'r
Tozal dam capacity 1986 2 890 105 m®
We'ater withadrawal:
- pgFiculsical 1954 232N 10 i S
- domestic 1984 349 105 m
- indusirial 1884 139 10% ¥y
Takal wiater withdravwal £33 7749 1" |1|’.".rr
par irhatHcang 1554 L g&2 myr
as % of total Cactunll rerwweshle walern nesoarces 962 W
Criber ssenber witheadransal 15964 a2 1% ml.".-'r
Wiastiewater - Mon-conventional sources of water:
Wariavaanar:
» praduced wastewabsr - 10" |r|:".".lr
- TeRatd wastesaTer 1554 25 10¥ ml.'l,lr
~re-used bested wislEvwater - 10" m‘.'-.-r
Agricuhual dranage water 1984 B 400 105 miyr
De=alinaded water - '|E|$ rt'l".".ll'
In 1995, the agriculiral sector contributed o
almost 50% to GDP and in IEI‘Eiﬁ_ll ﬂupluy::::l —
about 36% of the wdal economicallv active Tatal: 1 755 200 ha in 19394
population.  Animal  husbandry  conributes oy Lol
14% 1o the gross agriculrural production, and . e
crop  production  contributes  BG%E, mainly 3% i
roL irripated crops (95% of the gross
lh . Eh E |'I E 'ﬂ. H Kalihog &
crop product), Sekine
lartad lasad
LR T
A41%
CLIMATE ANDF WATER RESOURCES Kalkiraz
and
R Eevabiaz
Climaie GO

The climate of Turkmenistin is subtropical
desertic. The average annual precipitation is

about 191 mm, ranging from less that 80 mm i the northeast o 300 mm i the Kopeidag
mountain zone in the southwest. Precipitaton occurs during the winter seasen, mainly
between October and April. The average temperature in January is about -4°C in most of the
country, except in the southwest where the climate 15 milder with an average temperaure of
45 in the coldest month. In July, average temperatores exceed 30°C throughowt the country,

River basins and water resources

The tiver munoff originating in the country is estimated at 1.0 km*/vear (Figure 2). Several
rivers are found in Turkmenistan, most of them flowing into the country from s neighbours.
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TAEBLE 3
Irrigation and dralnage
Imigation potential 1996 2 363 000 ha
Irigazion:
T. Full o panial camral inigalion; squpped area 15954 1 744 100 1]
= gurlece lrigation 1554 1 Td3 70 hem
- gpnrk ks wrgilean - e
= MACTR-F T ALaOTE 1984 400 ha
%6 ol area wagabed from grourdvsster 150 2.5 %
W af aren wngoted Trem sueface vweator 1 504 936 W
T of arew wigalsd from nor-cornventdionsl sources a %
% of pouipped arna actually rrigated 10 100 [
2. Equippasd] weetlarel snd mlond valley bottoms lioe.bd " ha
A, Spaie irigatian - ha
Tota Eagatian |1+ 2+ 3h 1904 1 Td4 100 ha
- as % of culiveied area 994 %
- increase avar lasr 10 yeprs 1935-84 + 37 L
- powwer Frgated area as % of iripated anca [EEE 16.3 %
Full or partial control irigation schemas:
Larga-scake schemes - ha
Muwfivm-scole schemes . hin
Smal-soals sohemes - hia
Tatal rambar of houselakde v rEgaion -
Imigated crops:
Tatal iriganed grain productian 1994 12 500 1
ag T ol rotal grain prockiction 1994 100 %
Harvested crops under Irigation 1994 1784 200 ho
- parmanan crapa: toaral 1954 232 BBD ha
= ardmual crops: fotal 1994 DT e ] ha
- Wheat 1954 G700 BoD Ia
. Cotton 1984 657 BOO ha
. Fadder 1954 Sad D hia
. Aigss 1994 &7 Toh ki
. oifier annual crops 1994 137 D hia
Drainage - Environment:
Dipinmad argn 1955 1022 124 [§E)
- drained anea i full or partial conbrod Frgaced areas 1955 1022126 hia
- cligrid pren i pRispped waeland and b, - [T
- olher deaired se . b
- ared wiih subisol ace draing 19848 AEX ag2 (5]
- aa wah surtace drang 19455 B9% 164 ha
Dramed ares &3 % of cullivaled aea 582 %
Powinr ceaimed 2rea as % af total draired aroa 15054 q %
Arap saliniped by Frgatan 1504 GEZ 290 5]
Popalatan aHected by water-borng diseases - Inhatitants
Renewable Surface Water Respurces (RSWR] by major river basin
Fi i Laalind Par ol nraina Iril kv Dinflaw: || Tonal actual
hsn 1enilany RSvR feom serured Thraugh oo REWR
BFEnTRAS
% H111.ll|'|'._ km’ﬂr am iy ki,
Aaimy FoinhEas T30 £ ba.om Lirtsshigzan q:ﬁ- Lrmekiesen a4-
Duarym - cdural Seald
B Somth. ] 0.03 R kan i | Gaspan Ges T.00 |
vl |Surmar &
Cranshyit N
Muighals | Sculluen a6 ] | e Afghacistan - Dot 1-':"?
Toclriwn Lmrh 11.3 - 1.7 Iran and 0.0 Dasert 0T
Efighiristan
Corer Sawth 1.0 .00 | - pn - Dt 0.3
Tl 100 1,00 BE.50 | A1 74.38
¥ TPl Bt Brang tha live Central Asian rapbbos espulstes trat on seamsge 42 kmSer s i be secod ler Torkerdste ol

waluh [UEB ke yaan am IR and 32 km®year 1o Uzbekisnom & has been considersd thet e biniee comas inte Tarkmansiar balore

heing umed dowersineam o Lzbekistan,
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During the Sovier period, water resources

. . FIGURE 2
Ehﬂ]'ll'lﬂ amang the five Central Asian Intarnal mrewable surface water
republics was on the basis of master plans for rescurces by major rver basin
water resources development in the  Amu Tatal: 1.0 km' tyoar

Darya and Syr Darya basins, In 1992, with
the  establishment  of  the  Interstage
Commission for Water Coordination,  the
newly independent republics agreed (18
February 1992} fo prepare a regional water
strategy, and o continue o respect the
existing principles wntil the adopfion of a new

ATk
2%

Muighab,

. T 1 &
water sharing agreement e be proposed by .:.::::
this new water Srategy. 0%

The part of the Amu Darya Oow allocated 1w

Turkmenistan is 3% of the acwal river fow ac the Kerki gauging station, the other 50%
being allocated o Uzbekiztan, The Turkimen allocation corresponds w 42.27% of the pant of
ihe Amu Darva surface water resources on which agreements bave been concluded, The
agreements are caloulated on the basis of about 67% of the tal amount of flow produced in
the Amu Darya basin (78,46 km*/year on averagey. The surface water resources allocated to
Turkmenistan are thus calculated every year, depending on the importance of the current
flows. On average, it can be considered that the water resources allocated 1o Turkmenistan in
the Amu Darya basin are about 22 km"yvear.

As far as the Tedzhen and Atrek waters are concerned, the treaty signed in February 1926
between fran and Turkmenstan remains in force. This treaty stipulates that Turkmenistan
recewves each year a quantity equal o 0% of the wial Tedzhen average munofl, and 30% of
the tal Arrek average runofl. This corresponds woan average of 0.75 km# yvear Tor the
Tedzhen River and 0.06 km*/vear for the Awrek River,

The largest and most important waterway in Turkmenistan is the Kara Kum canal, This canal
was construcked in the 1935 and is, with its some | M0 km, ithe longest canal in the world, The
canal capacity is estimated at 630 m*s. [ts indet at the Amu Darya Biver 15 located just after the
river enters Turkmenistan from Llzhekistan. It brings water 10 Ashkhabad and to the oases in the
soath,

The renewahle groundwater resources are estimated at 3.36 km¥/year, of which about
3 km"year are estimated to be infiltration from rivers, including surface water resources
generated in upstream countries. In 1994, the existing equipment enobled a groundwater
ahstraction of 1.22 km*/vear.

The 1otal IRWR are thus estimated ar |36 kim*/year, and the total ARWR at 24 .72 km*/year.
Mon-conventional sources of water

The volume of treated industrial and domestic wastewater is estimated at (00025 km"year, For
the period [1990-94, agricultural drainage water was estimated at about 5.4 km'vear on

average. Water from both sources is mixed in the collector-drainage canals.  About
2.35 kim¥iyear, or 44% of the total, retorn to rivers, mainly the Amu Darya River. Abour
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2,97 km¥year, or 33% of the total, go o natural depressions, mainly Lake Sarakamysh in the
north of the country on the border with Uzbekistan, The remainder, about 0.08 km®/year (1%
of the teal), is directly re-used for irrigation.

Lakes and dams

There are 18 artificial reservoirs with a total capacity of abouwt 2.8% km®: 8 on the Murghab
River, 3 on the Tedzhen Eiver, 3 on e Atrek River and 4 on the Kara Kum canal. The
largest reservoir is the Hauz-Khan reservoir on the Kara Kum canal with a toal capacity of
0875 km?. All the reserviars were been designed and constructed maindly  for  irrigation
purposes, amnd are affected by heavy siltation.

The gross hydropower potential of the country iz estimated a1 3.8 GWh, while the todal installed
capacity was abour 0.7 GWh in 1993, The constrection of the Puli Hatum reservoir on the
Tedzhen River om the border berween Iran and Turkmenistan has been planned but is awaiting
agreement berween the two countries, Tts woral capacity would be 1.3 km?, and it has been
designed for flood control, hydropower generation and flow regulation purposes.

The ouwtflow of drainage water has led to the
creation  of  artificial  lakes in natural
depressions,  The  largest one 15 Lake
Sarakamysh with a storage of about & km'.
A major  environmental  issue  in Darmestie,

5 ' . I ey Liss g sk
Turkmenistan is the permanent accumulation P L
of pollutant salf in fhese lakes, as this leads

1o the degradation of their flora and fauna.

FIGLURE 3
Waber withadrawal

Total: 23,779 km® in 1904

Water withdrawal

Irrigasian

In 1994, the woral annueal weater withdrawal o

was estimated at 23,8 km?®, of which 97%
for  agriculural  purposes  (Figure 3).
Recently, there has been a shight fall in the
fotal  waler withdrawal, mainly because of the adoption of water saving methods in
agriculture, The main source of water is surface water. Drainage water from irrigated land is
also re-used and constitutes another source of water for irrigation. In 1994, 214 million m® of
groundwater was used for domestic purposes, 151 million m? for agriculiural purposes, and
26 million m?* for industry.

[HRIGATION AND DRAINAGE DEVELOPMENT

Irrigation development

Irrigation is the lifeblood of Turkmenistan's economy. In 1975, the towal irrigated area was
estimated at about 857 000 ha. In 1994 it was | 744 100 ha, which was 99.4% of the total
cultivated area (Figure 47,
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FIGURE 7

Twpology of krigation cannls
Tor: 39 121 km
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FIGURE 8

M irrigated crops
Tatai: 1 794 200 ha in 1504
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Mo private irrigation schemes exist in Turkmenistan, All the schemes are managed by a stae
agency. Most of the schemes are larger tian 10 0040 ha, Water is allocated w each farm on the
basis of standard crop water requirements. When a farm exceeds s allocation, a fine i3
applied, based on the extra volume of water. In 1993, the rare was manat 0.503/m?*, or
SUS 0.2/1000 m?, This measure has been introduced w encourage farmers o reduce warer
CONSEmpLIon.

The major irrigated crops ane cercals (mainly wheat), cotton and fodder (Figure 8). Cotton
and vegetables are the most important export crops. In 1994, irmigated crop yields were
2.3 t/'ha for cotton, 1.63 v'ha for wheat, 1.78 t/ha for barley, 2.38 tha for rice. 5.77 vha for
melons and 6.55 t/ha for grapes.

The average cost of irrigation development is estimated at 3US 4 000-10 000Vha for large-
scale surface irrigation schemes wsing modern  technologies, including  agriculiural
infrastructures. If micro-irrigation were o be developed on existing irrigated areas, its
estimated implementation cost would be SUS 3 500-5 000/ha. The annual O&M cost which
would enable full cost recovery is estimated ar $US 250/ha for surface irrigation systems, and
al about $US 450/ha for pump sysiems. However, the actual cost has not exceeded SUS
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It ha im recent years, resuliing in poor maintenance of the sysiem. It i estimated thar about
633 (00 ha of irrigation schemes need rehabilitation.

Waterlogging, salinity and drainage development

The water loss from the Kara Kum canal, whose banks are unprotected, s estmated at 18%
of the total fAow, This has cawsed massive waterlogging and salinization of the surrounding
land, Im 1994, abour 652 000 ha, or 37% of the irrigated area, were classed as saline by
Central Asian standards (toxic ions exceed 0.5% of toal soil weight),

Our of a total irrigated area of 1 744 100 ha,  po e
over 1 222 000 ha require drainage. In 1993, Drainage techmiques
drainage infrasiructures had been consiructed  Total: 1 022 1.28 ha in T—

on about 1 022 126 ha. Approximately 32% %98 o

15 subsurface dramage, mainly on mewly
reclamed areas. Surface deamage can be
divided imo  horizontal  drainage,  on
614 445 ha, and  verical drainage, on 3"";;':*“‘
B4 719 ha  (Figure 9. In  roeal,  abous
72 million m?* of water is pumped by vertical
drainage, and discharged into the collector-
drainage canals. The total length of the
collector-drainage network is  estimated  at
35 km at on-farm level and 140 km at mter-
farm level.

Honzomial
e faces
1%

INSTITUTIONAL ENVIRONMENT

The Ministry of Water Resources (MWR) is in charge of water resources research, planning,
development and distribution. It also underakes the construction, operation and maintenance
of the rigation and drainage nerworks at mer-farm level, Waler allocations are regularly
reduced in order 1o promote savings and 1o satisfy the demand from new users and o increase
the water flow o the Aral Sea. The institutional strocture of water management follows
various hierarchical levels: state, wvilavat, district, farm (or WUAY, The first three, come
under the MWE and are responsible for (he distributon and delivery of water up we the farm
inlet, Tor assistance o the water users in implementing modern echnologies, and for the
conteol of water use and water quality. The special reclamanion services, ar all levels, are also
the responsibility of the MWR, They monitor groundwater level, drainage discharge and soil
salinity, and plan measures for the maintenance and improvement of soil conditions, including
leaching, repair and cleaning of collector-drainage network, rehabilitation, ete.

The “Water Code of Turkmenistan®, was issued on 27 December 1972, This code is currenily
under review, and new water legislation is planned for the near future.

The Ministry of Agricelure is in charge of agriculmreal research and extension, land

reclamation and agriculiural development at farm level, and the operation and maintenance of
the irrigation network at farm level,
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The Ministry of Municipal Affairs is responsible for domestic water supply and wastewater
treatment.

Turkmenistan is a member of IFAS, ICWC and the Amu Darya River BW0,

TRENDS IN WATER RESOURCES MANAGEMENT

Increasing fond production is one of the major goals of the national agricultural policy,
Irrigation development and agricultural intensification have to be achieved in a pgeneral
contexl of limited waler resources. [ncreased re-use of wastewater and of agricultural
drainage water is seen as ong of the solutions for increasing the water availability needed w
enable further irrigation expansion. At the same tme, research s being carried oul on water
saving technigques, and new measures are expected o be adopled on o large scale o increase
irrigation ¢fficiency. Rehabilitation of drainage and irvigation networks s alse envisaged w0
reduce water losses and o limit the expansion of salinization,

All these measures have been proposed in the national water strategy, part of the regional water
strategy. They should make it possible to contsin the irrigation water withdrawal at around
25 km*/'vear between 2000 and 2010, compared with 23.2 km*year in 1994, while the irmigated
area 15 expected (o increase from | 744 100 ha m 19594 1o 2 353 000 ha in 20140

Environmental issues are particularly seuwte in Turkmenistan. Water m the rivers and in the
drainage networks i of very poor guality, containing high concentrations of =alts and pesticides
corming from upstream countries. This also affects the Aral Ses area where some of the main
collector-draimage canals discharge. A rans-desert collector munning for a dotal length of
about 300 km from the northeast to the Caspian Sea in the far west s umder construction, It is
intended o collect the agriculural drainage waters from the Murghak, the Tedzhen oases, and
from the other irrigated areas locared along the Kara Kum canal.

MAIN SOURCES OF INFORMATION

Dresipgn Iestbce “Turkmengiprovadkhoez', Minisoy of Warer Besources, 1996, Suggestions for natkonal
water management stratepy of the Republic of Turkmenistan, Repoert. Ashkhabad, secomnd edition,
6l . (in Russian},

Ministry of Waier Resources of the Republic of Turkmenistan. 1973-19%%4. Anmnual reports on land
reclamation and water use, Ashilalod, 2900p, (i Bussian).

State Commities on Statistics and Forecosting. 1994, Economy of the Republic of Turkmsnistan in
1993, Statistival vearbook, Ashklabad, 324 p. (i Russian).

World Bank. 1%, Turkmenistam: a World Bank couniry sisly, Washington, D00, 244 p.
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Ukraine

GECGRAPHY AND POPULATION

Ukraine, located in eastern Burope, has a wal area of 603 700 km?* making it the third largest
country of the FSU after the Russian Federation and Kazakhstan, It 15 bordered in the
southwest by Romania and Moldova, in the west by Hungary, the Slovak Republic and
Paland, in the north by Belames, in the east by the Buassian Federation, and in the south by the
Black Sea, where the Crimea peninsula i located. Administratively, Ukraine is divided into
24 provinees joddasis) plus the auonomous Bepublic of Crimea and the two large cities of
Sevastopol and the capital Kiev, which are special disiricrs,

The predominane lowland is interrupted by several regions of moedest elevation, such as the
Yolyn-Podolsk plateau (alzo called the Podolian plateau) in the west, the Dnepr ridge in the
cenire, and the Donets ridge in the sousheast, The Carpathian mountaing {with their highest
peak at 2061 m above sea level) and their foothills in the southwest, together with the
Crimean mouniains (1 3453 m
above sep level} along the

TAHLE 1
southern coast  of  the  Basic statistics and population
Crimean  peninsula, consti- Fhysical amuna:
fute  the l:ll'll:f' MU IS firea af the courdry 1904 B0 AT70 003 ha
, f Ukrai ) Cufmivabln wan 1343 44 830 OO0 hn
sections o Tae. Cuitivatad awa 1993 31 174 000 ha
Th cultivahle ) is = anrual crops 1943 30173 700 ha
£ wullw Ared - PATMANANT CTOfE 1833 1 000 300 ha
estumated ot 448 mllon ha, Popmlntian:
ar 745 of the tonal area of Tatal pogulataon 1994 &1 408 00 inhab. .
. Fogrulatan densiry 1546 B4 inmab.km
the mumry-_The cultivated Faral population 1898 .
aren was estimaned ar abour Econamically active population
3 1.2 rnjllin;m ha im 395'3, of g :;Hg'i:tull‘nl‘i 1856 13:
which about 3.0-1 million hi. R .
o 97%, consisted of annual Water supgly coverage:
crops and 1 million ha, or Urbar: pegulation 133: 1%*
Raira pogeilaion i 108 %
3%, of permanent crops.

The potential for agricultural

production is rather evenly spread throughout the country, with two distinguishable centres:
the western region characterized by a moderate climate; and the southern region with its
fertile black soils where irrigation plays an important role. The Chernobyl nuclear accident
has contaminated abowt 4.1 million ha. Abput 92 settlements around Chernobyl have been
evacuated, The State has provided financisl support to 835 settlements for people wanting 1o
move away. A striet radiological control has been applisd over a larger zone, covering an
additional 1 288 senlemens. Due 1w the prevailing winds, most of the radicactivity fell on
Belarus.

Due o the market-orented transformation of e economy, agriculural land ownership is
undergoing  many  changes as land  privatzation progresses. The previously  dominant
collective sector is shrinking, giving way 1o the development of the private sector,  According
to the latest occicial data of | January 1993, a few momhs after the announcement of the land
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TABLE 2
Water: sources and use
Ronswabls wabar reacenoes:
fverage precpitation hih T
301,83 kl'u:'.llllr
Iifernal rereveabls walbsr iesoLnces 3.1 km fyr
Tatal (actuall rennosable Water resouroes 1997 138,55 km"--,ur
Depandancy ralic 1997 E2.0 %
Tatal (actuall renewable water rescurces per inkbabitant 19596 2 T rn".'-.-r
Tatal dam capacity 1967 Z 700 1w’
Wiatesr withdaaswsnl:
- agricutiral 100z 7A55  10% miyr
- domagtic 19593 4 637 ot mliyr
- irelustrial 100z 13499 100 mlhr
Tatal water withdrawal oaa1 i0f mir
par inhsbitant 1992 439 mfyr
a5 % of total |aciual renewable water resources 1496 %
Db wealer withcrawal 1992 233 vt iy
Wastmwater - Non-conventional sources of water
Wastpwater:
- priiscl e waglavweatar 1950 Baad 10" miie
- freated wastowaber 1988 %800 1O miyr
- PR-uiEed TRRE Waslawale 5 1ot e
Agricultural drairsage water - 1ot m:-‘rr
Desalinaoed vwaiar - 15" m iyr
privatization decree, the private  sector, FHGURE 1
consisting of individual farms, agricultural Lisl gt
. . . Totn- 44,8 milian he n 1993
companics  and  agriculiural | cooperatives, At
owned 5.5 million ha, or about 12% of the e

el wigiinl
lurms

total cultivable area (Figure 1). The public

sector bodkhor (collective farms) and sovdfieg 1.0%
(state farms) occupied 29.2 million ha and P—
10.1 million ha respectively. i L1
The total population is estimated at 51.6 BRI

million inhabitants (1996), of which 29% is S
rural. The anmual population prowth rape T1E%

averaged 0.3% in the period 19E0-1992, bt
in the last few years there has been a slight
decrease in the toal  population of the
country, The average population density is B3 inbabitants/km?, and ranges from
40 inhabitaniskm?®  in the  souwth  and  ponhwest  (Wolyn,  Kherson) o more  than
2041 inhabitanis/km? in the most indvstrialized regions (Kiev, Donietsk, Lviv), Women make
up 34 % of the total population, and are also the majority in the rural population (35% ), unlike
in other East European countries, Agriculiure employs about 1B of the economically active
population, far behind industry. Agriculture contributes 149% to the GDP, which declined by
33% between 1993 and 1995, Agricultural exports, consisting maimly of meat and animal
products, account for about 405 of todal expaorts.

CLIMATE AND WATER RESOURCES

Climaie

There are four agro-climatological zones in Ukraine:
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TABLE 3
lerigation and drainaga
Irmigation potential LEcs 5 E0D 000 ha
Ireigasiom:
1. Full er partial comrol imigation: squipped amea 1044 2E05 000 ha
- Sty ivigagion - ha
- spnnkler wigabicn 1945 2080000 ha
« MUCTO=FTagaron = ha
o al arpa drgated Trom grouncheater 18394 0 %
% af area wrgated from swrface water 149494 100 %%
% al area Frgated from non-cormaniional Sounoes 1394 0 %
% ol edquippesd sreas actually wigated - %
I, Equipped wattand and inland valley hottams 1w,k - I
3. Spala inigatien - ha
Tﬂtﬂﬁiﬂﬂﬂunl1+213l 1934 2 BFs DD hFa
- a3 B ol auliveted srog 24 %
= increase aver last 10 pears 198694 + BT %
- povss rigated Bres as 5 of irigoted ares - %
Full or partial control irigation schemes:
Lirgae-scalo dchamas -
Mediim-scale schomes « ha
Small-scalp schames - ua
Totall number af howschalds in imigation
krignted crops:
Total rrgated gram prodesticn 1990 I3 000 1«
as % af total gram production 1940 7T %
Haorvested crops wndar irmgaticn 19390 24130080
- permaieEnt cropds i64al S
- amnual craps: tatal 19490 2413008 ha
. Focldier 1990 354 000 ha
. Cerpals 1940 03 O3 ha
. Wagarables and poraroes 19490 211 000 ha
. Industreal erops {Sunflower, Sugareet) 19490 145 B33 ha
. athas annual crons 19590 & ha
Drainage - Evsironment:
Dudirsiel & o 1954 3287 00} ha
- drained area m full o partal cantral irigated aess 1984 1 800 300 ha
- draingd araa in gopiipped watland and 1.u0h, i ha
- pbe drained arsa - ha
- arad wilh subsurlace disns 1994 2058 000 ha
= aren with surace droins 1954 1223000  ha
Dvairesdl & ed ae T of cullivaled arep 19,5 %
Pawer drained area 2 % of 1ol drained anrea - %
Argd palnirad by irigaticn «  ha
Papidation alfecied by wabior-Losrsd disuases - inhalbEantE

- The humid zone. This zone covers 353% of the countey in the oomfwest, It is moderately
warm in summer and cold in winter. The average annual precipitation is 600 mm,
concenirated between May and October, but can reach 1 600 mm in the highest part of the
Carpathian mountains, with o up 300 mm falling as snow. In these areas, the snow cover
generally lies for 7090 davs, from early or mid-December 1o the end of February, but can
lazst until April and even mid-May. Average temperaneres vary between -47C in January and

177 i July.

- The warm zone, This zone comprises the eastern and central forested steppe (25% of the
country). The average annual precipitation is 500 mm, concentrated between February and
April. Average temperatures vary between -6°C in January and 21°C in July.

- The semi-arid zone. This zone covers 23% of the country and comprises the so-called
northern steppe (centeal part of the country)y and the far east of the country (Donietsk high
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plain}. The average anmual precipitation @s 430 mm, concentrated berween April and
Chetober. Average temperatures vary between -6°C in January and 21°C in July.

- The arid zone. This area in the sowth covers 15% of the country, mcluding the Crimean
peninsula. It is characterized by mild winters, with an average annual precipitation of abour
300 mm, concendrated between December and May. Average temperaeres vary between
0°C in Janvary and 23°C in July.

The average annwal precipitation over the coumiry is estimated at 500 mm. This figure
includes snowfall, which is an important source of warer, particularly in the west.

River basins and water resources

The country can be divided into seven major river basing, all of Mhem discharging imo the
Black Sea except the Nonthern Bug which Aows wwards the Baltic Sea:

- The Dnepr basin, covering about 5% of the country. The Dnepr River rises in the Russian
Federation, then flows e Belurus before entering Ukraine, Is mam affluents m Ukraine
are: on the lell bank, the Desna Eiver, which rises i the Russian Federation; and on s
right Bank, the Pripyvar River, which comes from Belarus and the Ingulets.

- The Dmestr basin, covering 12% of the country. It flows inte Moldova before re-entering
Ukraine some 50 km before its mouth in the Black Sea.

- The Danube basin, covering 7% of the country. The Bzl 120 km of the Danube River
before it reaches the Black Sea form the border between Ukruine and Romania. The Danube
i the river with the largest number of riparian countries in the world. Some affluents of the
Danube rise in Ukraing, in the Carpathian mounsains, flow into neighbouring countries, and
join the mainstream of the Danube betore its mouth in the Black Sea. In panicular, the Cisa
River flows out of Ukrame into Hungary, while the Prut River flows into Romania and
Moldova. Ukraine contributes 7.5% to the wial Now of the Danube.

= The coastal basin, covering 7% of the country, It groups all the small rivers which flow
divectly into the Sea of Azov and the Black Sea. including all the Crimean rivers,

- The Morhern Donetsk basin, covering 4% of the country. It rises i the Russian
Fedecation, and flows through Ukraine for abour 430 ki in s eastern past before re-
emering the Russian Federation,

- The Southern Bug basin, covering 3% of the country. It = an internal river basin, generating
about 3.4 kim*fyear.

- The Morhern Bug basin, covering 2% of the country. The Northern Bug River rises in
Ukraine and flows north, forming the border with Poland, and then the border between
Paoland and Belaruz, Like the Morthern Bug, the San River rises in Ukraine before entering
Poland where it joins the Morthern Bug.

The IRSWR can be estimated at 50.1 kmYyear (Figure 2), while the total surface water
resources can be estimated at 136,55 km®/year.

The groundwater resources are estimated at 20 km*year. Artesian wells are found at an

average depth of 100-150m in the north of the country and at S00-600m in the south. The
overlap between surface and groundwater resources has been estimated at 17 km¥/year.
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Renpwable Surface Water Resources (RSWHI by major river basin

Mame of river Part of Internal ASWHR Iritiow Toad Dutliow 1o
bagin oLy RSWR
aren

] wm*yr. Em®yr. Frami fom*iyr
Cinepr 515 0.4 26.2 Belarus, Bussian Fad. 46.6 Black San
Dinasar 12 8.2 0,84 hakleva 9,64 Black Sas
Do bes 7 0.4 BE.3 Oooder with Aomamia G7.7 Black Sea

(Clsa + Prus}
Coasnal T 3.9 o1 Makleve a2 Black Sea
B, Doneisk q 2.7 1.2 Fissian Fed. a4 Aus=ian Fed.
5. Bug 3 1.4 3.4 Black Sea
M. Bug+ San Z 1.5 - 1.9 Paland
Tetal 100 50.1 86,45 138.556
International agresments

The Soviet legislation regarding mternational  risune 2

water 1ssues 15 stll valid, which means thar | ‘el "'""'""'f"" saficn water fiscesces by basin
the agreements with Poland, the Slovak 7o 301 kmiee

Republic, Hungary and Romania, as well as
the imtermal regulations between  former
Boviet republics, are soll in force. An
agreement  between Moldova and Ukraine
stipulares thar Moldova may use water siored
in the Curciugan reservoir, located on a
tributary of the Dnestr. This tributary rises in
Ukraine and forms the border with Molbdova
hefore it reaches the Dnestr. Ukrame and
Poland have bepun discussions concermng
the prowection of the Morthern Bug resources
against pollution.

Lakes and dams

There are abour 3 000 nafural lakes in Ukraine, with a todal area of 2 000 km®, The largest
freshwater lakes have an approximate area of 30 km? and are located in the cemieal and
southern paris of the country. In addition o these lakes, there are about 12 000 km? of swamp
(pear soils) in the north.

About 22 000 dams have been constructed in Ukraine for flow regulation, hydropower,
irrigation and fishery purposes. The largest ones, with a total capacity of 18.5 km* and a total
surfoce water area of & 388 km?, are located on the Doepr: the Kremenishuiskie (2 252 km?),
the Kachowskie (2 155 km?), the Kiivskie (922 km?), the Dnieprodierzhinskie (367 km?), the
Laporoskie (410 km?®) and the Kantowskie (3382 km?}, They are used for hydropower produc-
tion, for supplying electricity to the main cities and industrial centres; for flood protection;
and for storing irmgation water. The gross theoretical hyvdropower portential iz estimated a
45 000 GWhivear, abour 40% of which would be economically feasible, The hydropower
installed capacity 15 estmated ar 4.5 GW, generating 9% of the tal eleciricity production,

Water withdrawal and wastewater

Im 1992, the total water withdrawal was estimated at 26 km?, of which 30% for agriculmural
purposes, and 52% for indusiry (Figure 3). A further 0.9 km*year were reponied to be
withdrawn for other purposes,
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A comparisen with 1985 daa shows that in :E:;":Ejithdrmﬂ
:hfs period 193_5-1'?92 'I]li.‘.'. toral  water e e
withdrawn for agriculure declined by 2 km?,

and for indwsiry by 3 km?. This might be -
cxplained by the decrease in irrigated arca due //
te the lack of fuel and spare parts for the A
pumps, the decling in animal husbandry, and {
the drop in industrial production cavsed by the insusiry |
prevailling ditficult post-independence o I
ELOMOMIG SIUALIoN. ".1

In 1989, wastewarer treamment amounted 1o \

3.8 km®fvear, which was 37% of the total -
produced wastewater at that time,

Diomaatic
L]

IRRIGATION AND DRAINAGE DEVELOPMENT

Irrigation development

Irrigation in Ukraine bas a long tradition, particularly in Crimea, where it dates back 1o the
carly centuries of the modern era. Major irrigation development also took place in the Middle
Ages, during the Tatar Empire (thirteenth and fourteenth centuries), and again in the
mineteenth century, when it expanded from Crimea to the sleppes in the south of the country.
Large irrigation schemes were built in the 19305 in eastern Sovier Ukraine, as part of the
“glectrification of the socialist stare’ project, In 1967, the area equipped for irrigation was
estimated at 667 000 ha.

The irrigation potential has been estimated af 5.5 million ha. The most suitable areas for
irrigation development, from a technical and economic point of view, are: the coastal plain
along the Black Sea coast between Odessy and the Danube Delta; the area between Odessa
and the Southern Bug valley; central Crimea; and the coastal areas along the Sea of Azov.

I 1994, ierigation coverad about 2.6 million ha. The reservoirs built on the main rivers, and
particularly on the Doepr River, provide water @ the irrigated areas downstream through
canals up to 500 kmy long, These canals also provide water 1o cities and indusirial complexes
in Crimea and in the far southwest of the country, The main irrigation canals in Ukraine are:
the north Crimean {200 km), the Kachowskl {130 km), the Frunzenskr {120 km}, the
Krasnoznamenski {102 km) and (he north Bohaceinsk: (110 km), all in the same area. There
is oo ircigatton from groundwater in Ukraine.

Irrigation is mainly concentrated in the south of the country, In 1984, the irrigated areas in
Ukraine amounted to 2.4 million ha. More than 30% of this total was concentrated in the four
districts which border the Black Sea amd the Sea of Azov, Oiber impomant regions for
ircigation are the valleys of the Donigsk and of the Dnepr where supplementary irrigation is
practised in summer, Between 1985 and 1994, an average of a further 23 (M) halyear were
equipped for irrigation.

I 1935, about 2.1 million ha were under sprinkler icrigaticn. The locally produced rain guns
are the most widely used in Ukraine. Surface irrigation covers the rest of the area, while
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micro-icrigation has been introduced on an experimental basis only. Mopst of the irrigated
areas require pumping.

Irrigation belongs o the Lofthez and sevkfoz sector. In 1996, a small pact of the irrgated land
was rented by private companies, Where still operating, large irrigation projects have now
wrned 10 extensive agriculiural production. Lack of fuel and capital are the main causes for
the abandoning of irvigated land. Moreover, the status of ierigated land s sl uncenain.

About 85% of irrigated land is used for
FIGLAE 4

growing fodder crops {32%) and grain
(335, Abour 9% is used for growing vege-
tables, and the remaining 6% for the
production of industrial crops (Figure 4). In
1990, the average vield for cereals was 4.6
t'ha; 34% higher than the average vield for

lirigated erops
Tank 2 413 000 i in 15600

sl crops m

“‘Wepatahine mnd T
poipboes Ll it

rainfed cereals. The average vields for irn-
gated winter wheat, sunflower seed and sugar
beet were 3.9 vha, 1.9 vha and 284 tha
respectively. The vields for the same crops
grown on drained land in the northwest were

only 2.7¢ha, 17c¢ha and  27.5 tha 0 s mn e wen 1
respectively. Area (Ihawsard hectares)
Drainage development FIGURE 5

Dralnage techniques

The first drainage works were introduced at :
Towl; 3 281 000 ha in 1954

the end of the eighteenth century in nortlvwest
Ukraine, then part of Poland. At thar time,

major  canals  were  built, mainly  for .

- . =
communication and transpon purposes, and arains
the swamps were drained for cultivation. Sk

Drainage developmyent has continued in the
ninergenth and twentieth centuries,

Recent  swdies  have  identified  some
3.4 million ba as requiring drainage, In 1994,
the drained area  was  estimated  at
3.3 million ha, of which 63% was equipped
with  subsurface  drains, manly  pipes
(Figure 5). About 1.8 million ha of irrigated land are equipped with drainage facilities
prevent salinization. In these areas, the underground water level is kept at 1.5-3.0 m below
the zoil surface .

About 80-95% of the drained area is cropped every year. In 1990, the main crops on drained
areas were permanent meadows (38 %), cereals (27%) and fodder crops (265 ) (Figure 6).

Drzinage is mainly concentrated in the nerth and west of the country. In 1934, the drained
area in Ukraine amounted to almost 3 million ha, of which 33% was in the four most
northwestern districts. A further 20 000- 30 D00 ha have been equipped for drainage since
1984, mainly with subsurface drainage.
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INSTITUTIONAL ENVIRONMENT FIGUAE @

Crops grown on draine d areas
Tenak 3003 00% ha i 13650

Faiaines E

Bugoroesi [T

Water management in Ukraine has oradi-
tionally  been  administered by differem
minisiries;

- The Minisiry of Land Improvement is, with
the Depanment  of New  Projecis, Foduomra | oy i
responsible for the design and execution of :
irrigation and drainage schemes,

- The Minisiry of Agriculture is, with the
Depariment  of Water  Management, . :
responsible for operation and maintenance 0 IO 400 60 B0 001200
of the irrigated and dramed areas. Frsihausmnd tactans]

= The Mimstry of Power Engineering 15, with
the Deparument of Control of Water Use, responsible for waler use for energy purposes,,

- The Ministry of Transport is involved in water management in view of the imporant role
canals and rivers play in transporiation and navigation.

In order to coordinate ministerial actions in the water sector, in 1992 the government
estahlished the State Commitiee for Water Administration. This committee s responsible for
all policy issues related to water resources development, and particularly for new investments.

The Hydrometeorological Committee operates under the Council of Ministers, and maintains
an extensive network of hydrological and climatelogical stations throughout the country.

The National Agearian Academy of Sciences of Ukraine, established in the 19905, supervises
ewo affiliated instingtions which deal with water resources development:

= the Institute of Hydraulic Sciences and Land Drainage, located in Kiev, in the nori;

= the Institure of Ierigation in Kherson. in the sout.

The main laws relating 1o the water sector were infroduced during the Soviet era. A new law
is under preparation, There are no water charges for irrigation in Ukraine.

TRENDS IN WATER RESOURCES MANAGEMENT

Inn the water sector, the government of Ukraine is now focusing on drinking water supply.
Indeed, although nearly 100% of the population has access (o safe water supply (in rural
areas, mostly through wells), the existing network s overexploited. For this reason, and
because of energy shortages, many cities receive water only twice a day for a limited number
of hours. Expenditure in this sector has increased substantally: while the five vear plans of
the 19305 envisaged the layving of about &0 km of pipes for the whole period, there are now
soie 250 kin of pipes laid every vear, This development should lead to an improved water
supply in the near future,

In the past, the agricultural sector was a priority for the government. Indeed., in the 19605, the
Council for Dnepr River Resources Management was established with a mandate w prepare
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legal acts concerning the exploitation of the Dnepr. Morthern Donietsk, Southern Bug,
Crimea and Donbas regions. This programme was completed in the early 1980,

Public expendiure on water resources development for agriculiure has fallen substantially
since 1992, This fall has been caused by a lack of capital and by the undefined stamws of
landownership on large argas, Combined with a lack of fuel (o pump water w the irmgated
land, this explains the recent decrease in irrigated areas.

In the muid-1980s, the Sovier Mational Comminee for Science and Technolopy launched a
project concerning the automation of the Dnepr water resources management. This project
reflected the prevailing needs of indusery, cities and irrigated agriculere in some districts.
Indeed, one of the most crucial problems is, and will be in the future, the optimal use of river
water resources, At the beginning of the 19905, some rivers of the central and scuthern
regions were exploited in their downstream courses o such an extent that agquatic life was
endangered and basic environmental reguirements were not satisfied.

Salinity problems are concentrated mostly in the southern region.

MAIN SOURCES OF INFORMATION

Anonymous. 1995, Water systems construction,  exploitation and management in one's  hamds
(Vodokkozastvennoe  sireitelsive,  explvaiocia,  apravienie  vodmiei  resirsami vodni mkak), in
*Melioracia o vodnee Eocioisve v sirangh SNG' Journal, Kiev, no 171993, pp B0,
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Yacik, AW, 1991, Small pivers of Ukraine (Mali rickd Ukrain), Urozay ed. . Kiev, 293 p.
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Uzbekistan

GEQGRAPHY AND POPULATION

Uzbekistan is a landlocked country in Central Asia, with a total area of 447 400 km#, It is
bordered in the nonh by Kazakhstan, in the east by the Kyrgyz Republic and Tajikistan, and
in the south by Afghanistan and Turkmenistan, It became independent from the Sovier Union
in August 1991, For administrative purposes, the country is divided inte 12 vilavas {one of
which includes the capital city of Tashkent) plus one awtonomous republic: Karakalpakstan in
the far west of the country near the Aral Sea,

Pliysiopraphically the countey can be divided into three zones:

= the desent (Kyevikum), steppe and semi-ard region covenng 60% of the country, mainly the
central and western parts;

= the fertile valleys {including the Fergana valley) that skire the Amu Darva and Syr Darya
rivers;

- the mountainous areas in the east with peaks of abour 4 500 m above sea level (Tien Shan
and Gissaro-Alay mountain ranges).

The cultivared land is estimated o1 3.2 million ha, of which E7% under annual crops and 13%
under permi-anent crops. Mainly because of water shortage, the cultivated area is only 20% of
the cultivable area, estimated at 254 million ha, In %4 the agriculivral area could be
divided into;

- kolkhoz (collective farms)  TABLE 1
and sewkfoz (state farms),  Basic statistics and population
for a combined area of Fhiysical amas:

2% million hﬂ: firea of the couniry 18684 e FTal 000 ha
Culivabla anta 1553 25 447 700 ha

- land leased to farmers for Cuftivated sma 1883 5 207 300 ha
- annual crops 1953 4 B39 700 ha

agriculural production on - PR CrpE 1553 B7E 100 ha
# longerm o period  Pacguiaton

(arenda), 76 300 ha; Tatal pogulation 1886 23 209 000 inhat.
Populatian dansity 1556 532 inhat.f&m®
« ‘land of cilteens”, COrres- Rural pogulation 1996 58 %
' s Economicaly actss populazion
pfm_dmg to gardens and in angsgad in agriculture 1556 33 %
dividual plots cultivared by ol webiicht: - mien '
their owners, 477 500 ha; - AT = %
Wimter Sugply covaraga:
= lapd managed by forest Lirban populotian 1954 a9 %
tl'ltl:l'pl'iﬁl:ti. ahout 157 Rursl pepulation 1904 a0 %

million ha (Figure 1).

The 1atal population is estimared ar 23.2 million (1994), of which about 538% is rural. The
average population density is about 32 inhabitants'km®, which 15 the highest of the five
Cemtral Asian republics. It ranges from more than 464 inhabitants’km® in Andijan province
{in the Ferpana valley, in the east of the country) o only B inhabitans’ km?  in
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TABLE 2
Water; sources and use

Rursewakble water resources;
furrage precipitation

284 mmuyr

T18.1  kmbyr
Imiernal mnewahnbe waber resources 16.34 km:'.".rr
Tonal {actuall renawalie waatar raEOUrcag 1937 &0.21 kml-"i'T
Ceperdency rabo 14487 T4 %
Toral {actuall renpwabln waler resources por inhabivant 19496 2172 m:'.'l.lr
Total dam capacity 1994 19000 10w’
Water withdrawval:
- Agriculinal 19494 B4 388 10t m:'.'l.lr
- dornestic 1934 2582 0" mhyr
- indusarial 1994 1163 105 mliyr
Tutal water wilhiravwal 58 001 10* m’.'-,lr
rer irhabitans 19894 2 801 miyr
ae % ol votel Cagtupll rarsnvalda WwWalar rapaurcog 1158.2 %
Oner water withdraal 1994 530 10° miyr
Wastewater - Mon-coreentional sources of water:
Ve slawwatar
- prafuced wastewatee 1994 1432 10f mtyr
- et waastesater - 10* |n]|'l,'r
- we-ysed reated waglEsatan c 10" mir
Bgnoutiunal dranoge water 1294 30§ ot m].'-.-r
Dsadinaatad winter . 10t |n:'|'!.lr

Karakalpakstan.  The anmual  population
growth rate was stable at abowr 2,8-3.2% in
the 1970s and 19805, but fell to an average of
2.2% berween 1990 and 1994, This fall has
mainly been due to the prevailing difficult
post-independence sconomic situation and the
migration of a part of the population to other
countries (the Russian Federation, Germany,
Isracl, ec. ).

In 19%4, the agricultural sector contributed
some 36% tw GDP. In 1996, it emploved
about 33% of the wial econcmically active
populatien.  The  contribution  of  crop
producticn w GDP was abour 20%  from
ircigated crops and 2% from eainfed crops,

FRSUIRE 1
Land categones
Toaal: 24 530 000 ha in 1334

Cilizen
ands
T 8%
Fomss
EEINEaE
8.1%
Eolkhar
md
Sonakher Land
9. 1% leagied D2
LT Y
Carands)
0.9%

Couton, called “white gold® in Uzbekistan, vegetables and fruits are the couniry™s principal
exports. Uzbekistan is one of the world's largest colion exporierns,

CLIMATE AND WATER RESOURCES

Climate

The chimate of Uzbekistan is continental, even arid/desertic over 60% of the werritory, The
average annwal rainfall is 264 mm, ranging from less that 97 mim in the northwest to 423 mm
in the mountainows zone in the middle and southern parts of country. In the Ferpana valley,
the average annual rainfall varies between 98 and 502 mm, while in the Tashkent vilayat, it
varies between 295 and B78 mm. Rainfull ocours during the winler season, mainly between
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TABLE 3
Imigation and drainage
Irsigation patantinl 1980 A4 916 G ha
IFrigaricn:
1. Full ew paartssd sontrol wigabon: egupped anss 19@4q 4 280 B33 ha
- surtacn ingaion 15954 4 2TE 393 ha
- wprmkler Brigoton 1934 & ha
& IFIRCF- BT A 15954 4 513 ha
595 of srea prigated o grourddwaler 1984 6.4 %
% af @rna Erigacnd foom sunlace watar 15954 83,6 %
9% of area Frigoted from nen-converdicnal sources S
% of aquipgad anes actualy erkgnoed 1554 28 %
2, Enwpped wetland and inlard walley botfoms (Lv.b.) + ha
3, Spate irdgaticn - ha
Total Irigation [1+2+3) 195 4 280 600 hao
- a8 % ol cultivated e 32 %
- iroresse over st 10 years 150654 + 8.7 %
- pOwEr irigated area &s % of irfigatad aren 1334 2149
Full ar partial comecl irigatian schinmss: Lxirasia
Large-scale schemes = 10300 ha 1584 I EFHAND  ha
Madigm-acale schamps = ha
Small-scale schemes < 13000 ha 1504 Bd1 300 ka
Tatal rumbier of houssholds in irigation "
lirigagad eraps:
Tatal irigated grain produstion 1883 2243000 1
a % of 1otal grain production 15483 615 95
Harvested crops undsr rigatian 1993 4 ZDE 800 b
» pErmanant orops: fotal 1983 ETE 100 ha
- anral creps! toal bk ABX0T00 ha
. Cottan 19883 1 B4 GO0 ha
. Fodder 1953 GE? 300 ha
. Wiheat a3 457 700 ha
. Vepgeizhios and melons 19493 207 BOO ha
o Fher anndial Sraps T893 2 T00 hia
Drainoge - Environment:
Diramaed aren 14994 2840 000  ha
- ceaired area in lul ar partisl corrol imigated arsas 1994 2040000  ha
- deaingsd afaa i equipped waaland and e b = ha
- ek grained aren - ha
- arvg ikl absurlach draine 1094 698 300 ke
- area veith surfscs draine: 19494 2141 700 ha
Dirasrgl area as % af cutlivaied area BE %
Pawer drained aria gz % ol watal drained aran 19494 14 5
Argn salinlzed oy irngaton 19494 2140 BED  ha
Populaton aflesed by water-bame disgasas 19394 271 BOD  inhabitanis

Oetober and April. The climate is characterized by high emperamres in summer (42-47°C in
the plains and 25-30°C in the mountainous zone in July) and low remperaiures in winter
(-11°C m the north and 2-3°C in the south in January). Because of frequent frosts between
late September and April, only one crop a vear can be grown. However, double cropping of
vepetables which huve a short growing period is possible in favourable vears.

River basins and surface water resources

Twao river hasins are found in Uzbekistan, These basins form the Aral Sea basin:

- The Amu Darya basin in the sowh, covering 86.3% of Uzbekistan. The main Amu Darya

River can be divided inte three reaches: the upper reach bordering

Afghanistan and

Tajikistan. and where most of the water flow is generated; the muddle reach which first
borders Uzhekistan and Afghanistan and then emters Turkmenistan: and the lower reach in
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Uzbekistan, before it discharges imto the Aral Sea. The main tributarics within Uzbhekistan
are the Sherabad, Kashkadarya, Surkhandarva and Zeravshan rivers, These last two Tise in
Td.jlk]'-u[ﬂl.‘l The total amount of flow produced in the Amu Darya basin is estimated at
TE.46 km’ fyear; the 5% and 95% probabilities are estimated at 108.4 and 46,9 km' f:.rcnr
]'CHFH:L[]"."C]]," Because of important Losses in the desertic part of us course, and because of
major water withdrawal by agriculure, the flow reaching the Aral Sea is I:|r|1|l|:|:| to a small
percemage of this figune (less than 105 in the driest years). About 4.7 b fyear, or 6% of
the avernge tofal surface water resources of the Amu Darva Fiver basin, are generated
within Uzbekistan.

The Syr Darva basin in the north, covering 13.3% of the erritory. The main Sye Darva
River can be divided o three reaches: the upper reach in the Kyrgyz Republic, where
most of the water Oow is penecated; te middle reach in Uzbekizstan and Tajikistan; and the
lower reach in Kazakhstan, before it discharges imo the Aral Sea. The main ribuaries
within Uzbekistan are the Chirchik and Akhangaran rivers., which rise in the Kyrgvz
Republic. The wtal amount of flow produced in the Syr Darya basin is n.snm:m:u.i al
AT 14 ko J':.Icar' the 3% and 953% probabilitics are estimated af 34,1 and 214 kme .I"_.u:ur
respectively, Because -nf imporiant losses in dhe desertic part of s course, and because of
major water withdrawal by agriculture, the
flow reaching the Aral Sea is limited w0 a
small percemtage of this figure (less than  FISURE 2
57 in the driest }'EB.I!’.'-’.]. About 4,54 hn:".f livtemal renawalile gurface waler

i i resources by major dver basin
vear, of 13% of the average surface water Tatal: 8.54 km’year
resources of the Syr Darva river basin, are
generated within Uzbekisian,

The otal river flow  generaed  inside
Uzhekistan i5 thus estomated at 954 koS
yeur {Figure 2.

During the Sovier period, the sharing of
waler resources ameng the five Central Asian
republics was on the basis of the master plans
for water resources development in the Amu
Darva (19871 and Syr Darya (1984} basing,
Inm 1992, with the establishment of ihe
Interstate Commission for Water Coordina-
tion, the newly independent republics decided, with the Agreement of 18 February 1992, 1o
prepare a regional water strategy, but o continue to respect the existing principles until the
adoption of o new water sharing agreement to be proposed by this new water strategy.

The surface water resources allocated e Uzbekistan are calculared every vear, depending on
the climartic sineation and the existing Aows, However, on average, it can be considered that
the estimated average surface runoff which comes [roam (he upsteeam counieies is:

- 22.33 km¥/vear for the Syr Darya River basin ar the border between the Kyrgyz Republic and
Uzbekistan, of which 11.8 kIT&]."}'I:.'E]' is transit flow to Tajikistan;

- 11.54 km*year for the Svr Darva River basin at the border berween Tajikistan and
Uzbekistan, of which 10 km/vear is transit flow o Kazakhstan;

-2 I-:Jnls'_'.'ear for the Amu Darva River basin,
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Groumidwater resources

There are 94 major aquifers in Uzbekistan, The renewable proundwater resources are
estimated 2t 19,68 km'/year, of which 12,88 km¥/year are considered to be overlap with
surface resources. The ARWR can thus be estimated at 50.41 kimn®/vear.

Lamits to groundwater abstraction for each aquifer in Central Asia have been established. It is
permitted to use only such a quantity of groundwater that does not cause surface flow reduction,
This quantity is estimated at 6.8 km'fyear for Uzbekistan, However. the actual groundwater
abstraction is estimated ar 7.5 l:m]."].-'ear, which thus leads o surface fow reduction.

MNom-conmventional sources of water

Between F9940 and 1994 the retwrn fow on the territory of Uzbekistan was estimated at about
32.4 km'iyear, of which 215 km'/year formed in the Amu Darya River basin and
10.9 km’/year in the Syr Darya River basin, This total consists of 30.9 km'/year of drainage
flow from irrigated areas (of which 2.55 km*/vear is the result of vemical drainage by
puimpingh and about 1.5 ]v.'mgj'}u:ar of untreated domestic and industrial wastewier,

The main part of the retien Oow, 159 k.rnﬁf}u:ur. refurng to rivers; 9.5 kmjf:.':ar in the Amu
Darya basin amd 6.4 lun"f].':ur in the Syr Darya basin. About 12.0 km:'.f:.-tar end up in natural
depressions  (Arpasay, Parsankul, Sarakamish and Lake Sudochie) from which water
evaporates, MMore than 4.5 l::l:l'l}.i'_'r'EﬁI fabour 13% of 1ol rewrn waters) are re-ussd for
irrigation .

-29 km"'f:.-wr Being re-used withour any treatment, mainly for comon on light soils,
- i kmau":.-ur being re-used after an in sine desalting treatment © phyvoemelioation').

Lakes and dams

The collector-drainage water outflow has led o the cremion of artificial lakes in natural
depressions. The fargest lakes are: Lake Avdarkul, in the Arnasay depression in the middle
reach of Syr Darva, storing about 30 km' in 1995; the Sarykamizsh and Sudochic lakes, both
located mn the lower reach of the Amu Darva, storing 8 and 2 km’ respectively. Several lakes
have also been formed in the central part of the country in the Amuo Darya basin, the largest
being Lake Parsankul storing about 2 km'. close to the Zeravshan River.

There are 30 reservoirs in Uzbekistan with a toral capacity of abour 19 km': 21 of them with a
el capacity of 3 km' in the Syr Darya basin, and 29 with a rotzl capacity of 14 k' in the
Amu Darva basin, The largest reservoirs are muliipurpose dams, wsed for irrigation, flood
control and hydropower production,

In the Sq'r Darva basin, the largest reservoeirs are the Charvak reservoir, with a capacity of
1.9%9 kv, on the Chirchik River near the capital Tashkent, and the Andijan reservoir, with a
capacity of 1.9 ki, om the Karadarya BEiver in the Ferama valley.

In the Amnu Darya hasin, the largest reservoir is the Tuaymuyun, in the Khorezm vilavar, with
& storage capacity of 7.8 ki, consisting of four separate reservoirs. It is expected that in the
future one reservoir of this svstem (Kaparas) will be wsed w provide drinking water for
Karakalpakstan., This area is experiencing severe envirenmental problems as & result of the
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southeast; (3} Surkhandarya in the southeast; (6) Khorezm in the west-ceniral pari; (7}
Karakalpakstan in the northwest,

At the beginming of twenteth century, about 1.2 million ha were imgated in Uzbekistan,
Large-scale development started in the late 1950%, when the Sovier Union decided to
specialize Uzbekistan in the production of cotton. Modern irrigation techniques were then
developed in the Hunger steppe in the central part of the country, in the Syr Daryva basin, and
in the Karshi steppe in the southeast of the country in the Amu Darva basin, In 1994,
irrigation covered almost 4.3 million ha, or about 82% of the cultivated land (Figure 3}

Irrigated land produces more than 90% of
crop production. About 44% of the total
irrigated area is in the Syr Darva basin and
6% in the Amu Darya basin. Considering
that about 634 4K ha are  suitable  tor
irrigation and that water saving would enable

FIGURAE &
Origin of imigation warter
Total: 4 280 &00 ha . 1334

Ri v
the i i

Pumping m

TRBIE

lind, FTT
a further limited expansion of the irmgated refn
area, the irmgation podential can be estimated e
at 4.9 millien ha.
All irrigation is full control irrigation, mainly F—
using surface water (Figure §). Wastewater -:m
]

and drainage water are mixed with surface
water before being re-used for irrigation.
Thus, it is mot possible o count them
spparately .

Irrigation in Uzbekistan relies on a system of pumps and canals which s among the most
complex in the world. Water is lifted by electric pumps for the irrigation of 1.17 million ha.
In 1994, there were about | 500 pumps. To give some examples: the Karshi system lifis
350 mA/s of water from the Amu Darya over an elevation of 170 m:; the Anubukhara pump
system discharges 270 mYs from the Amu Darva to a canal sitwated 57 m above the river; the
Amu Zang pump system discharges 20 m*/s from the Surkhandarya to a canal 75 m above the
river. The total length of the icrigation petwork is abour 196 000 km, The main canals and
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inter-farm network extend for a length of

about 2% 000 km, of which some 33% is el

Typnlngy of cn-Tam erigation ol

lined. The on-farm  network s abowt Tatal: 168 G900 km in 1804
168 OO0 km, most of it consisting of unlined
earthen canals (Figure 7). Concrate

=k

In 19, surface irrigation was practised on
99.9% of the toal area, mainly furrow, Drip
ierigation covered 4 500 ha i 1994, or only
0.0% of the wotal area. Sprinkler irmgation
was ne longer practised in 1994, aldwugh ot
had covered some 5 000 ha in 1990, Greatly
increased energy costs and a lack of spare
parts meean  that s technigue 5 not
economically viable (Figure 8). 0%

The average weighted efficiency of the

irrigation network, which shows the water

losses along the distance between ihe source ELE‘F”EHE“EMIW

and the irrigated field, I.H 63 (1994, ::I'l'n: Total: 4 280 BO0 ha in 1964
average annual water withdrawal for irriga-

tion was estimated at 12 477 m'/ha in 1994, Dot Brip
amd it i5 estimated that irrigation water :rl::::f.-. irriganion
requirements were covered ai B0-90% . Major 20% o

Boudar
Figanian
260

differences can be observed between old and
new irrigated areas, Mew irrigated areas have
been developed since 1960 with lined canals,
pipes and flumes in the on-farm network, and

a subsurface drainage system, which together Furmos Basin
enable an efficiency of 75-78%. Rehabilita-  #rigation iFrigalice
GT.5% A e

tiom and modermization of the old irrigated
areas would concern 2.3 million ha with an
average cost of about 5US 4 500¢ha. The two
miain elements of such works would be laser
land levelling and the introdustion of modern
irrigation rechniques (drip. surgel.

The average cost of irrigation development is about $US 11 200ha, for surface irrigation
schemes using standard modern echnologies, mcluding agricultural mfrastruciuce. Drip or
surge irrigation equipment adds 3US 3 300ha 1w this wial, The cost of drip irrigation
development on existing irrigated areas varies between SUS 2 300 and 3 500/ha.

There are no private irrigation schemes in Uzbekistan. Each large scheme (Hunger steppe,
Karshi steppe, ew.) is managed by a state agency. Small schemes are managed by district
wiler management agencies, which often manage several schemes o once, Operation and
maintenance charges are covered by the government for offhor and sovihoz, and by farmers
when land is leased 1o them, although they are heavily subsidized by the government. The
average annual O&M cost which enables full recovery is about 5US 450ha for standard
systems, amd more (han SUS 83Wha for drip irrigation or SUS 680/ha for pump systems,
while in recent years the actual cost has varied between 2118 60 and [150ha,
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About 3.3 million ba of irrigated land would reguire man-made drainage, Only 2.8 miliion ha
are currently equipped with drainage infrastructure. Maost of the drainage systems are open
drains (Figure 10). Vertical pumping drainage is carried oot on 400 000 he, mainly on clay
soils, In the pewly reclaimed areas (Munger and Djizak seppes inothe Sye Darva basin,
Surkhan-Sherabad and Karshi steppes in the Aamu Darva basind, draimage 15 mamly subsurface
drainage, The total length of main and intee-farm collectors s abowt 30 000 Bn, while the on-
tarm collector-drainage network extends for about 110 000 km,

INSTITUTIONAL ENVIROMNMENT

The Waler Resources Department of the Mimstry of Agricoliore and Watler Resources
Management, established in 1996 after the merger of the Mimstry of Agriculiure and the
Ministry of Warer Resources, is in charge of water resources research, planning, development
amd distnbution, 1t also undertakes the construction, operation and maintenance of the
irrigation and drainage networks at the inter-farm level in the country. Water allocations are
repularly reduced in order to promote savings and o satisfy the demand from new users and
W increase the water flow o the Aral Sea. Water withdrawal per vear thus declined from
L7 2000m® in 1980 o 10 600 m? in 1995, while irvigation effclency mereased. The fotal
aniual irvigation water withdrawal declined from 588 km? in 1990 o 33,4 km? in 1994,

Institutional organizations dealing with water management at state, provincial and disiriet
level come vndder the Water Resources Department. Such orgamizations are responsible for
water distribution and delivery to the farm inlet, for assisting water users in implementing
advanced technologies, and (or water use and water quality control. The special Land
reclamation service, under the Water Resources Department, monitors the main reclamation
indecators of rergated lowds (proundwater level, dramage discharge, soil selinity, siuation of
the coellector-drainage network) o mational, provincial and local level. It also plans the
required measures for irrigation and deainage vetwerk maintenance and for ihe reclamation of
degraded lands, incleding leaching, repairing and cleaning of drainage-collectors amd nerwork
rehabilitation.

A water law was approved in May 1993 It intresduced the notion of water rights. Within the
peneral chjective of water savings, Article 30 emphasizes the need for water pricing. although
it still leaves room for subsidies 10 the water sector.

The Minstry of Agriculture and Water Resources Management 15 alse in charge of
agriculural research and extension, on-farm agriculieral and land ceclamation developmen,
and on-farm operation and maintenance of the irrigation nerwork,

The Mimstry of Municipal Affairs = responzible for domestic water supply and wastewarer
[FEalmeenL.

Research in the water resources development sector 15 undertaken by the Central Asia
Sciemtific Research Instiowie of Droigaton (SANHED. This avtonomous mstiate of the
Mimsiry of Agnculiuee and Water Resources Management was previously responsible for all
Central Asia. I also manefacrures irrigation equipment.
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The Goskomprireda {Eovironment State Commitree) is in charge of water quality monitoring
and control of industrial and municipal pollutants.

Lzhekistan is 3 member of IFAS, [ICWC, the Amu Darva and Syr Darya River BWOs,

TRENDS IN WATER RESOURCES MANAGEMENT

[rrigation has created serious environmental problems in Uzbekistan, the most dramatic effect
being  the shrinking of the Aral Sea. Accordmg w a World Bank report, the main
envirommental impacis of ircigation in the Acal Sea basio include: (1) the loss of fish resources
im the Aral Sea, due o oan increase in salinity and chemical pollution; (2} land degradation
through waterlogging and salimization of irrigated land; (3) crop diseases and pests, due
especially to the cotton moenoculiure, (4} adverse health effects on people and animals, due o
wind-blown chemicals and the poor quality of water, and (3 possible focal climatic change.

Drainage water is the principal carrier of environmemtal pollution, since it contains the results
aof mineralization and residues from pesticides.

The restoration of the Aral Sea tw its 19640 level 15 not an objective for the country, although
assistance 1o the "disaster” zone s scen as a priority. Actions o be taken are: the stabilizanion
of the exposed seabed; land reclamation in the dela; improved drinking water supply, health
and general actions to promaote the socio-economic conditions of the population in the area.

In a context of demographic growth and higher demand for water from the idustrial and
domestic sectors, it 15 now generally accepred that the Aral Sea should be maintained at its
present level. This also mmplies that water management has to be improved, in order to
constantly reduce water withdrawal for irrigation. This could be achieved through reducing
water losses from the inter- and on-farm scrigation network, and through increasing overall
production i a sustaimable way, notnbly by implementing technigques for the desalimzation of
irrigated land. The construction of a majer cellector o bring drainage water from the lower
Aamu Darya irrigated areas direcily to the Aral Sea has been undertaken, This measure also
favours the sabilization of the Aral 3ea level and the improvement of water guality in the
main rivers.

Water savings in wrigation should enable the development of cither sectors of 1he economy,
An important thrust of irvigaton and warer management improvement at the on-farm level
would be 1o move from a state run system o privatization of irrigated agriculture, notably
through the establishment of WUAs, This process is developing at a very slow pace.
Implementation of water pricing in the industrial and municipal sectors, as well as agriculural
water pricing. may also provide room for water savings in the future.

A imernational level, mechanisms o imroduce water quality issues im0 water sharing
agrecments are under discussion,
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The AQUASTAT programme was initiated with the view
of presenting a comprehensive picture of water
resources and irrigation in developing countries. This
report presents the results of the survey for the countries
of the former Soviet Union, carried out in 1996 and 1997,
The survey relied as much as possible on country-based
stafistics and information contained in national strategy
papers. A general summary presents a regional analysis
of water resources, irrigation and drainage in the region,
and a series of country profiles describes the situation in
each country in more detail. A section presents the
specific problems related to water management in the
Aral Sea basin,
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