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An overall goal of the PEER Project is to build
adaptive capacity of the countries sharing the Amudarya
basin to manage effectively their transboundary waters
under climate change (CC) & other uncertainties.

This goal Is to be achieved by studying in a holistic
manner transboundary water management (TWM)
Issues In the Amudarya basin for the long run under
conditions of climatic & other changes along with
national plans on irrigated agriculture & hydropower
development.
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Research objects
are river network,
large canals and
collectors, lakes,
reservoirs, HEPS,
and planning
zones (provinces)
of the riparian
countries in the
Amudarya basin
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Upper reaches of the
Amudarya River Basin:
Tajikistan planning zones
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Middle reaches of the
Amudarya River Basin:
Uzbekistan and
Turkmenistan planning
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Lower reaches of the
Amudarya River Basin:
Uzbekistan and
Turkmenistan planning
Zones
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Main tasks :

Assess possible changes in the hydrologic regime of
Amudarya Basin rivers & future crop water
requirements due to climate change

Study scenarios of long-term flow regulation by a
system of large hydropower reservoirs on the
hydrology of rivers, available water supply for

Irrigated lands and for sustaining aguatic ecosystems
In the basin
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Main tasks:

« Evaluate future crop water requirements for irrigated
lands of the riparian countries under an array of
future climate change & river flow regulation

 Elaborate possible tradeoff between national
priorities & requirements at the basin level inter alia
on the basis of legal analysis of transboundary water
management in Amudarya basin
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Information resource

« The project PEER created Database and interface to water indicators in the
context of Planning Zones, rivers, HPPs. http://cawater-info.net/peer/
* Project Web-site. http://cawater-info.net/projects/peer-amudarya/

Information resource located on the SIC ICWC servers and available in the
internet: http://cawater-info.net
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ASBmmM — integrated model for assessment of aral sea basin development scenarios.

Water sector, ecology, hydropower, agriculture, elimate changs, socio-economic assessment, new techrologies in

computer modeling and forecasting

lqi“l

Ifyou are a journalist, student or a novice in hydrology, hydraulic enginesring or energy who wants to know about
characteristics, problems and prospects of development in the Aral Sea basin, please, focus attention on ASBmm

If you are a professional in the water sector area and water and energy resoUrces management who is interested to
know about alternative water sector development scenarios in ripanian countries of the Aral Sea basin, with consideration
of socio-economic, ervironmental, enerdy and climatic factors, optirmization and trade-off solutions, please, focus atention

on ASBmm

This i @ unique product in terms of wide coverage of water-related processes and tendencies in the Central Asian countries
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The basis of modeling:

 The General Algebraic Modeling System (GAMS),
USA,was approved as the basis for modeling of
optimization processes under the PEER Project

* |Integrated DEFinition method (IDEF), was created
as part of the USA program ICAM (Integrated
Computer Aided Manufacturing); applied standards:
Function Modeling (IDEFO), Information Modeling
(IDEF 1)
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Decomposition diagram for Planning Zone model (PZm)
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PZm Interface: output data, Water balance indicators, 2014

' Tnassas X / " Model calculation X - g

&« (] ‘ @ www.asbmm.u;

Select planning zone > Khorezm Al E Model calculation
Select module > [RUEIEEEEL Agricultural yield Socio-economic assessment
Select data type > # Input data Data processing ® OQutput data

Select hydrological year> 2010 20m 2012 2013 2014 2015

16/index,php?r=si alculation@itype=out@var_group_id=0 & ¥ | i

Select group > [ JRURLLIE LTS Estimated water use and water deficit Estimated water withdrawal from transboundary and local sources Estimated water withdrawal for imigation Generation of return flow Distribution of return flow Yield Economics

Total 18 items

Name Unit Formula October November December January February March April May  June July  August September Non Growing Growing Year Sum
Total water withdrawal Mm3/month W=W_tr+W_loc+WP_gr+WP_rp 299 8.52 126.04 275 6434 399.99 212.00 334.15 430.06 469.26 48458 22834 634.63 2158.41 | 2793.04
Water deficit Mm3/month D=IF(WN-W>=0_WN-W 0) 0.00 0.00 30725 35907 32712 000 000 4163 000 000 000 0.00 993.44 41.63 1035.07
Water excess Mm3/month E=IF(W-WN>=0,W-WN,0) 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00
‘Water withdrawal from local sources Mm3/month W_loc=IF(WP_loc<=WN-WP_gr-WP_rp+V_r-W_trWP_loc, WN-WP_gr-WP_mp+V _r-  0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 O0.00 0.00 0.00 0.00 0.00
W_tr)
‘Water withdrawal from transboundary sources Mm3/month W_tr=IF(WP_tr<=WN-WP_gr-WP _rp+V_r.WP_tr WN-WP_gr-WP_rp+V_r) 299 8.52 126.04 3275 64.34 39999 21200 33415 430.06 469.28 48458 22834 63463 215841 2793.04
Available water for irrigated land Mm3/month  K_irr=W_irf/WN_ir 0.00 0.00 0.00 0.00 0.00 0.00 100 089 100 1.00 1.00 1.00 0.00 5.89 5.89
Imigation water deficit Mm3/month  D_irr=IF(WN_irr-W_irr==0 VWN_ir-W_irr. 0} 0.00 0.00 0.00 0.00 0.00 000 000 4163 000 000 000 0.00 0.00 4163 41.63
Imigation water losses Mm3/month  LO_ir=W_ir"(1-n) 0.00 0.00 0.00 0.00 0.00 000 7191 11402 14747 159.68 165.77 78.00 0.00 736.85 | 736.85
Imigation water withdrawal, excluding leaching Mm3/month  W_irr=IF(W_irrflu-WN_flu=0,W_irrflu-\WN_flu, 0) 0.00 0.00 0.00 0.00 0.00 0.00 20560 325.99 42163 456.55 47397 223.01 0.00 2106.75 | 2106.75
Imigation water withdrawal, including leaching Mm3/month  W_irflu=W-WN_ind-WN_dom-WN_oth 0.00 0.00 118.08 3003 6198 389.11 20560 32599 42163 456.55 47397 223.01 599.20 2106.75 | 2705.95
Amount of drainage water generated from imigation water ~ Mm3/month W_dr=W_influ*a_dr+W_influ*b_drec_dr 98.20 98.20 140.87 109.05 12060  238.82 199.25 236.94 266.87 277.80 283.25 204.70 805.74 1468.81  2274.55
use
Amaount of retun water Mm3/month W_ret=W_drwas+W_h+E 101.14 10364 146.06 M.87 12325 24534 20374 24222 27227 28515 289.64 208.70 831.30 1501.72  2333.02
Amount of wastewater from non-irigation water use Mm3/month W_was=a_was*(WN_ind+WN_dom+\WN_oth)+b_was 294 544 519 2.81 2.65 6.51 448 526 540 T35 639 4.00 2554 32.90 58.44
ldle discharge from local water sources Mm3/month W_h=IF(WR_loc-W_loc>=0WR_loc-W_loc,0) 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00
Total amount of drainage water and wastewater Mm3/month W_drwas=W_dr+W_was 101.14  103.64 146.06 111.87 12325 24534 203.74 24222 27227 28515 289.64 208.70 831.30 1501.72 | 2333.02
Amount of retumn water discharged into lakes and Mm3/month  W_dr=K_dr*(W_ret+W_drfrom-WP_rp) 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00
depressions
Amount of retum water discharged into rivers Mm3/month W_drtr=K_drtr"(W_ret+W_drfrom-WP_rp) 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00
Amount of retum water flowing to neighboring PZs Mm3/month W_drto=K_drto™(W_ret+W_drfrom-WP_rp) 476 554 5413 16.65 476 3327 1445 1236 1221 2433 2942 117 %1 1394 23305

© SIC ICWC 2017
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Test result. Khorezm PZ, 2011, 2013 y, Water consumption
(mIn.m3). Comparison of actual data with calculated data.
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ITpoexT PEER - "Apanaiiys yirpas/IeHNs: BOAHBIMI pecypcamm

TpaHCTPaHWYHBIX BOf, OacceriHa AMyZapbyi K BO3SMOXKHBIM
VI3MeHeHMsIM KjimMara"

Scenarios
1. Climate change by 2050 and its impact on:
. river flow regime
. crop water requirements (water demand)
2. Socio-economic (scenarios of country development by 2050)
. Agriculture (BAU, food security, export oriented)
. Industry, municipal sector (BAU)
3. Distribution of crops by PZ according to national agricultural development
scenarios by 2050, optimization
4. River flow regulation by reservoirs and HEPS by 2050:
. energy-generation operation regime,
. energy-irrigation operation regime.



Reconstruction and analysis of river flow series
in the Amudarya River Basin, Mm3 :

PEER / ASBmm

<o)
o
N

2002
2004
2006
2009
2010

MIH.Ky6.M / roq

2012

2014

JIuHenHbIn (AMyaapbs)

FopoBoM cTok peku MaHpx FopoBOW CTOK peKu Baxw
50000 26000
45000 /e\ —&— b/l PEER 24000 A —&— B[l PEER
g 40000 $ 22000 -
S 35000 ~ 20000
\g 30000 CpepHee 3a E 18000 O\J > CpepnHee 3a
z 5000 1932/33 - z 16000 1932/33 -
g 1998/99 z 1998/99
2 20000 — S 14000 I
————— JIHeHbIN — ===~ JInHenHbI
15000 (B, PEER) 12000 (B4, PEER)
10000 — 10000 ; — 11—
O d &N N < 1D O N 00 OO O 4 N M < un O o &N O < 1N O™~ 0 O O +d N NN <
O O O O O O O O 0O O i ™ o o oA « O O O O O O 0O 0O o0 O v o o A o -
O O O O O OO OO O o oo o o o O O O O O OO O O O O O o o o o
AN AN AN NN AN NN NN NN N NN AN AN &N AN ANAN AN AN AN NN NN NN
CpaBHeHMe AMHAaMMK CTOKa pek 6acceiiHa AMyaapbu 3a 2000 - 3aBMCMMOCTb FOJ0BOr0 CTOKa peku MaHpx ot
2015 rr rOA0BOro CTOKa pexu AMyaapbs
90000 . y= 0.6114x -6420.4
80000 A\ —e— A 0 R"=0.95
70000 /’L.é—l\ VAN 2 Rl 2 < 80000
/] >~ 8 g
60000 -/ \// \v —— Mangx ¥ 0 60000 %
o2
50000 v 5 3 40000
40000 an\ —&— Baxuw, KadupHuraH, >§ E
30000 | N Cypxarpapbs, Kynays 2 2 20000
2004+202—00O0O0@0N 000® 00O ||===-- AMyaapbs: cpeaHui 3a g é 0
10000 1932/33 - 1998/99 cz
'« N o % b o~ ® ® o « o c 0 20000 40000 60000 80000 100000 120000

l'0/0B0iA CTOK peku AMyAapbs, MAH.KY6.M / rog




Assessment of climate change effect on river flow and plotting of
river stream flow hydrographs for the Amudarya basin for 2016—
2055: PEER / ASBmm / REMO 0406

Runoff of the Vakhsh River in July:
downward trend, comparison with average long-term value (1932-1999)
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TpaHcdopmauusa rugporpada pekn Baxuw -
Komcomonabag, cueHapuin REMO-0406, cpegHuii no
BOOHOCTU rof,
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Transformation of

Vakhsh river hydrograph
for average flow conditions,
2055, comparisison with
average long-term value,
REMO-0406

Transformation of
Pyanj river hydrograph

Transformation of
Kafirnigan river hydrograph



Decrease in Amudarya River runoff because of climate change
for June, July, August, 2016-2055 - PEER / REMO

CHMXeHMne CTOKa pekn AMyaapbs,
BbI3BaHHOE BIMSIHMEM KnnMaTa: cueHapnii REMO 0406
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Forecast of change in crop land areas
In the Khorezm planning zone by 2050
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Forecast of changes in main crop yields
In the Khorezm planning zone by 2050
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