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Foreword

Agriculture is crucial for the national economy of the Islamic
Republic of Afghanistan and in particularly so for the
agriculturally dependent population which is constituting 60
percent of the total population.

Adoption of new strategies for agriculture monitoring, rural land
use planning and land management are urgently required to
reduce hunger and poverty among rural population and to assure
sustainable food and feed production for future generations.
The availability of reliable information on natural resources and
agriculture for its monitoring and analysis is indispensable to
development and implementation of such strategies.

However, productivity in the agricultural sector has been
relatively low. Afghanistan has the potential to increase its
output of cereals, fruits and vegetables.

For this purpose the project “Strengthening Afghanistan
Institutions” Capacity for the Assessment of Agriculture
Production and Scenario Development” (GCP/AFG/087/EC),
funded by the European Union (EU), is implemented by the
Ministry of Agriculture, Irrigation and Livestock (MAIL] and the
Food and Agriculture Organization of the United Nations (FAQ).
Among the project objectives are improving the understanding
of the country’s national resources endowment and limitations
as well as assessing agricultural production capacities under
current climatic conditions and likely impacts of climate change.

Within the context of this project the Food and Agriculture
Organization of the United Nations (FAO] and the International
Institute for Applied Systems Analysis (lIASA) support and
implement a national agro-ecological zoning activity in
Afghanistan (NAEZ] which assesses quality and availability of
land resources and identifies crop cultivation potentials under
given current or future agro-climatic conditions.

One of the outputs of the NAEZ activities is this agro-ecological
zones atlas which is based on applications of the FAO/IIASA
national agro-ecological zoning system for current and future
climates. The Atlas provides two distinct parts, namely:

e Part 1: Agro-climatic indicators
e Part 2: Agro-ecological assessments.

Nasir Ahmad\Durrani
Minister of Agriedlture, Irrigation
and Livestock of Afghanistan

Rajendra Kupnar Aryal
FAO Representative
Country Director in Afghanistan
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The publication of the agro-ecological zoning atlas of the Islamic
Republic of Afghanistan is the result of the great joint efforts of
many institutions and individuals working in close partnership.

The publication of the atlas was made possible by the
contributions (financial and in-kind) of the partner organizations
involved in the Afghanistan programme: the Government of
the Islamic Republic of Afghanistan, the Food and Agriculture
Organization of the United Nations (FAO) and the European
Commission (EC), which funds the Programme.

FAO Afghanistan greatly acknowledges the initiative taken by
the Ministry of Agriculture, Irrigation and Livestock (MAIL) for
delegating the study on national agro-ecological zoning.

Significant valued management for this work was provided
by Rajendra Aryal. Guidance, support and oversight in his
current role as FAO Representative/Country Director is highly
appreciated.

The collaboration and assistance of the International Institute for
Applied System Analysis (IIASA) and its experts (Glnther Fischer
and Harrij van Velthuizen) are acknowledged in implementation
of the national agro-ecological zoning (NAEZ) system for
Afghanistan including data collection/verification, database
creation, coding and scenario analysis, soil/crop/climate results
classification and map production.

For in-country and International consultations, technical
guidance, formal and informal peer reviews, local knowledge,
and insights, thanks are due to: Sabawoon Chakhansuri
(Director of Statistics and MIS-MAIL), Moeen Uddin Siraj (Head
of Operation - FAO Afghanistan], and Muhammad Ishaq Safi
(National Project Manager - FAQ Afghanistan).

We acknowledge the keen interest and support provided by
Douglas Muchoney (Project Lead Technical Officer, FAO-CBDS)
and graphic design developed by Lucia Moro (FAO-CBDS). In
addition, we also thank the technical interactions and inputs of
all colleagues in FAO and many other individuals and government
agencies (MAIL, MEW, NSIA, AMD, ARAZI and NEPA] at all
administrative levels of Afghanistan.



Abbreviations
and acronyms

AEZ Agro-ecological zones

AR5 IPCC Fifth assessment report, 2014

BADC British Atmospheric Data Centre

CMIP5 Coupled model intercomparison project phase 5
GFDL-ESM2M Geophysical fluid dynamics laboratory earth system model 2
GPCC Global Precipitation Climatology Centre

CRU Climate Research Unit

CVR Coefficient of variation

Ensamble mean

Mean value outcomes of multi-model simulation experiments

Re-analysis of methodological observations from September 1957 to August 2002

ERA-40 produced by the European Centre for Medium-Range Weather Forecasts (ECMWF)
ETo Reference potential evapotranspiration

ETa Reference actual evapotranspiration

FAOQ Food and Agriculture Organization of the United Nations

HadGEM2-ES Hadley Centre global environmental model 2 - earth system

[IASA International Institute for Applied Systems Analysis

IPCC Intergovernmental panel on climate change

IPSL-CMBA-LR Institut Pierre Simon Laplace earth system model for the 5" I[PCC report
ISI-MIP Intersectoral impact model intercomparison project

LGP Lenght of growing period

LGPt Lenght of temperature growing period

MIROC-ESM-CHEM

Earth system model developed by Japan Agency for Marine-Earth Science and Technology
and Centre for Climate System Research / National Institute for Environmental Studies, Japan

NAEZ National agro-ecological zoning

NDR Number of rain-days

NHUM Number of humid months
NorESM1-M Norwegian earth system model

NPP Net primary production

RCP Representative concentration pathway
SD Standard deviation

WATCH Water and global change, EU-funded integrated project
WDe Reference water deficit

2020s Period 2011-2040

2050s Period 2014-2070

2080s

Period 2071-2100
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Selected
agro-ecological
zoning (AEZ)
agro-climatic
indicators

1. Climate data

For the Agro-ecological zones (AEZ), historical assessment time-
series data were used from three main sources: the Climate research
unit (CRU) at the University of East Anglia, the Global precipitation
climatology centre (GPCC) and the EU WATCH Integrated project.

Climatic research unit (CRU] TS v3.21 [time-series) datasets were
obtained from British atmospheric data centre (BADC). These are
month-by-month variations in climate over the last century. CRU TS
v3.21 data used in national agro-ecological zones (NAEZ] Afghanistan
are mean monthly temperatures, diurnal temperature range, cloud
cover, vapour pressure and wet-day frequency.

For monthly precipitation, the GPCC Full data re-analysis product
version 6 is used. In the current version of NAEZ-Afghanistan, the

2. Climate scenarios

International panel on climate change (IPCC) Assessment report 5
(AR5) climate model outputs for four Representative concentration
pathways (RCPs] are used to characterize a range of possible future
climate distortions for the 2020s (period 2011-2040), the 2050s (period
2041-2070) and the 2080s (period 2070-2099).

RCPs are a set of four greenhouse-gas concentration trajectories
developed for the climate modeling community as a basis for long-term
and near-term modeling experiments adopted by the IPCC for its ARS.

The four RCPs together span the range of years 2100 radiative forcing
values found in the open literature, i.e. from 2.6 W/m? under stringent
emission mitigation measures to 8.5 W/m?. The four RCPs - RCP2.6,
RCP4.5, RCPé4, and RCP8.5 - are named after a future level of radiative
forcing values in the year 2100 (2.6, 4.5, 6.0, and 8.5 W/m?, respectively).
These concentration pathways are documented in a special issue of

gridded historical precipitation data cover the period from 1961 to 2010.
Global sub-daily meteorological forcing data were provided in WATCH'
for use with land surface and hydrological models. The data are derived
from the ERA-40 and ERA-Interim re-analysis products via sequential
interpolation, elevation correction and monthly scale adjustments
based on CRU (temperature, diurnal temperature range) and GPCC
(precipitation) monthly observations.

Year-by-year climatic data analysis was undertaken for 1961 to 2010 and
time series data were used to compile three 30-year baseline data sets,
for the periods 1961-1990, 1971-2000 and 1981-2010, respectively; and
for compiling associated CV/SD statistics.

climatic change (van Vuuren et al,, 2011}, and climate model simulations
based on them were undertaken as part of the Coupled model
intercomparison project phase 5 (CMIP5] (Taylor et al., 2011).

Multi-model ensembles for each of the climate-forcing levels of the
RCPs were analysed, based on spatial data from the IPCC’s AR5 CMIP5
process, data bias-corrected and downscaled to 0.5 degree as used
in the Intersectoral impact model intercomparison project (ISI-MIP)
(Hempel etal., 2013). ISI-MIP data of five climate models (GFDL-ESM2M,
HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, NorESM1-M] and
for four RCPs (RCP 2.6, 4.5, 6.0 and 8.5) - totaling 20 combinations
of, respectively, RCPs and climate models - were used for generating
climate input data in NAEZ-Afghanistan covering the period of 2011 to
2099 and were used to compile results for three future 30-year periods,
the 2020s (period 2011-2040), 2050s (period 2041-2070) and the 2080s
(period 2070-2099).

1 WATCH was a large integrated project funded by the European Commission under the sixth Framework Programme, global change and ecosystems thematic priority area (contract number:

036946). The WATCH project started in 2007 and continued to 2011.
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Mean annual temperature ¢o

3. Agro-climatic
indicators Period 1981-2010

Mean annual temperature

Source: IIASA, 2019




Major regions used for reporting the results of agro-climatic analysis

Ensemble mean
Period 2041-2070

. North Eastern
North Western

B Eastern

B central

. West Central

. South Western

¥ south Eastern

. Western

Figure 3

Source: IIASA, 2019

Table 1 - Changes of mean annual temperature (°C), period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

Ensemble mean RCP 4.5

Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 12.8 13.3 144  15.6 16.2 1.1 2.3 2.9 147 16.4 185 1.4 3.1 5.2
Central 31072 6.4 6.5 7.9 9.2 9.9 1.4 2.7 3.4
Western 160 581 13.7 14.6 155  16.6 173 0.9 2.0 2.7 15.8 175 19.7 1.2 2.9 5.1

South Western 183 421 18.7 19.7

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Difference with
1981-2010

20205‘ 20505‘ 2080s

Regions

1961-1990 | 1981-2010

Source: IASA, 2019 Figure 2




Mean monthly temperature ¢q

Temperature seasonality

Period 1981-2010
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Source: IASA, 2019 Figure 4



Seasonal amplitude monthly REEEINIERS

Period 1981-2010
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Source: IIASA, 2019




Mean annual precipitation mm)

Annual precipitation

Period 1981-2010

Source: IASA, 2019 Figure 6




Ensemble mean
Period 2041-2070

RCP 8.5

Source: IIASA, 2019

Figure 7

Variability of annual precipitation (CVR %), period 1981-2010

Figure 8
Source: IIASA, 2019

Table 2 - Changes of mean annual precipitation (mm), period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 4.5 Ensemble mean RCP 8.5

Reaions Area % Difference with % Difference with
g (km?) 1961-1990 | 1981-2010 1981-2010 1981-2010

20205‘ 20505‘ 2080s 20205‘ 20505‘ 2080s

North Western 77 271 243 239 236 227 220 =1l =5 -8 212 220 209 -1 -8 -13
Central 31072 393 428 379 370 355 -1 -14 -17 341 349 328 -20 -18 -23
Western 160 581 220 215 219 201 197 2 =7 -9 194 199 184 -10 =7 =18

South Western 183 421 153 161 155 138 136 -3 -14 -15 147 143 124 =% -1 -23

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.




Mean monthly precipitation eq

Precipitation seasonality

Period 1981-2010

0.00
6.00

12.00
18.00
24,00
3000
36.00
4200
4800
54,00

60.00
66.00
72.00
78.00
84.00
90.00
96.00
102.00
108.00
114.00
120.00+

October

Source: lIASA, 2019 Figure 9




Ensemble mean, RCP 8.5
Period 2041-2070

January

0.00
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October 9000
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Source: lIASA, 2019 Figure 10




Temperature growing period (ept5 °c days)

Temperature growing periods (LGpt)

Period 1981-2010

e,
& 2
i

Source: IASA, 2019 Figure 11




Ensemble mean
Period 2041-2070

Table 3 - Changes of temperature growing periods (LGPt>5 °C days), period 2020s, 2050s and
2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 268 274 282 293 301 3 7 10 288 303 319 5 " 17
Central 31072 201 203 218 233 240 8 15 19 222 245 273 10 21 8B
Western 160 581 281 291 296 305 312 2 5 7 300 313 328 3 8 13

South Western 183 421 335 342 345 350 354 1 2 4 347 354 359 2 4 5

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

IASA, 2019 Figure 12




“Frost-free” period wept10°c days

Period 1981-2010

ource: IIASA, 2019




Ensemble mean
Period 2041-2070

Table 4 - Changes of “frost-free” temperature growing periods (LGPt>10 °C days)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 210 213 223 235 241 5 10 13 227 244 267 6 14 25
Central 31072 141 142 160 175 181 12 23 27 163 185 210 15 30 48
Western 160 581 223 231 240 251 258 4 9 12 244 261 282 6 13 22

South Western 183 421 281 292 301 312 320 3 7 10 305 323 338 5 " 16

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

IASA, 2019 Figure 14




Accumulated temperature for LGPt>5 °C

Accumulated temperature (Tsum)

Period 1981-2010




Ensemble mean
Period 2041-2070

Table 5 - Changes of accumulated temperature for LGPt>5 °C
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 4719 4856 5240 5659 5877 8 17 21 5334 5944 6741
2672 2692 3087 3462 3648 15 29 BB 3153 3722 4462 17 38 66
Western 160 581 4986 5299 5622 6014 6230 6 13 18 5712 6316 7126

South Western 183 421 6785 7149 7465 7883 8131 4 10 14 7579 8227 9065 6 15 27

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Central 31072

Source: lIASA, 2019 Figure 16




Mean annual reference evapotranspiration o, mm

Reference evapotranspiration (ETo)

Period 1981-2010

Source: IIASA, 2019




Ensemble mean
Period 2041-2070

Table 6 - Changes of mean annual reference evapotranspiration (ETo, mm)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 1215 1329 1347 1405 1441 1 6 8 1369 1445 1527 3 9 15
Central 31072 957 1031 1065 1112 1146 3 8 (N 1079 1144 1219 5 1" 18
Western 160 581 1559 1756 1753 1823 1870 0 4 6 1780 1883 1995 1 7 14

South Western 183 421 1770 1986 1955 2018 2069 -2 2 4 1979 2072 2184

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Source: lIASA, 2019 Figure 18




Mean annual moisture availability index ooxeero)

Annual moisture availability index

(P/ETo) Period 1981-2010

Source: IIASA, 2019




Ensemble mean
Period 2041-2070

Table 7 - Changes of annual moisture availability index (Annual P/ETo)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

21 19 18 17 16 =1 =9 -14 16 16 14 =i -14 -23
Central 148 467 43 43 37 8B &3 -13 -19 -24 33 32 28 -23 -26 -35
Western 89 645 16 14 14 12 12 2 -9 14 12 12 10 -1 -13 -25

SouthWestern 778682 = 10 9 . 9 8 8 -1 -16 -17 8 8 6 -8 -14 -30

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

North Western 187 310

Source: lIASA, 2019 Figure 20




Mean winter moisture availability index (ooxem

Winter moisture availability index

(P/ETo) Period 1981-2010 (Oct/Mar)

Source: IIASA, 2019




Ensemble mean
Period 2041-2070 (Oct/Mar)

Table 8 - Changes of winter moisture availability index (Winter P/ETo)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 187 310 63 57 59 52 48 3 -8 -16 50 50 45 -12 -13 -21
Central 148 467 109 107 99 89 82 -7 -17 -23 85 83 72 -21 -22 -33
Western 89 645 49 4Lh 46 39 36 5 -10 -17 39 38 33 -12 -13 -25

South Western 778 682 29 36 27 22 21 2 -16 -21 24 22 18 -7 -15 -32

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Source: lIASA, 2019 Figure 22




Mean summer moisture availability index ooero)

Summer moisture availability index

(P/ETo) Period 1981-2010 (Apr/Sep)

Source: IIASA, 2019




Ensemble mean
Period 2041-2070 (Apr/Sep)

Table 9 - Changes of summer moisture availability index (Summer P/ETo)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

5 5 5 -8 -12  -10 4 5 5 3 22 17
Central 148 467 20 20 6 15 15 22 25 -28 12 13 15 42 36 -28
Western 89 645 4 3 3 3 -1 -6 2 3 3 -3 22 -1

South Western 778 682 2 2 2 9 14 -9 2 2 2 -3 18 -4

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

North Western 187 310

Source: lIASA, 2019 Figure 24




Quarterly moisture availability index ooxeero)

Quarterly moisture availability index

Period 1981-2010

Jul-Sep

Source: lIASA, 2019 Figure 25




Ensemble mean, RCP 8.5
Period 2041-2070

Source: lIASA, 2019 Figure 26




Mean actual evapotranspiration e, mm

Actual evapotranspiration of
reference crop (ETa)

Period 1981-2010

Source: lIASA, 2019 Figure 27




Ensemble mean
Period 2041-2070

Table 10 - Changes of annual actual evapotranspiration of FAQ reference crop (ETa, mm)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 197 204 188 193 188 -8 =5 -8 180 186 183 -12 =9 -10
Central 31072 202 228 206 217 212 -10 -5 -7 204 213 225 -1 =7 -1
Western 160 581 174 178 166 166 160 -6 =7 -10 158 162 158 -1 -9 -1

South Western 183 421 137 146 131 125 120 -11 -15 -18 126 124 115 -14 -15 -21

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

IASA, 2019 Figure 28




Mean reference annual water deficit woe, mm)

Reference annual water deficit (WDe)

Period 1981-2010

Source: IIASA, 2019




Ensemble mean
Period 2041-2070

RCP 8.5

©FAO0/ Giulio Napolitano

Source: lIASA, 2019 Figure 30
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Reference lenght of growing period (ays)

Reference length of growing period

(LGP days) Period 1981-2010

Source: IIASA, 2019




Ensemble mean
Period 2041-2070

Table 11 - Changes of lenght of growing period (LGP, days) for current cropland
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 21296 80 80 75 80 78 -7 0 -3 74 78 79 -8 -2 -2
Central 3 489 70 74 69 76 73 -7 3 -1 68 74 82 -7 1 11
Western 16 439 70 72 68 69 66 -6 -4 -9 65 67 b6 -1 -7 -9

South Western 10 524 64 63 53 48 46 -15 -23 -27 49 47 41 -22 -25 =35

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Source: lIASA, 2019 Figure 32




Lenght of growing period zones

Length of growing period zones

(LGP zones) Period 1981-2010

1 0days

1 1-29days
[ 30-59days
[ 60-89 days
™ 90-119 days
I 120-149 days
B 150-179 days
I 180-209 days
@ 210-239 days
[ 240-269 days

Source: lIASA, 2019 Figure 33




Ensemble mean
Period 2041-2070

RCP 8.5

©FAO0/ Danfung Dennis

Source: lIASA, 2019 Figure 34
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Net primary productivity (NPP)

Net primary production
potential for rain-fed conditions kg cia

Period 1981-2010

Source: IIASA, 2019
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Ensemble mean
Period 2041-2070

Table 12 - Changes of Net Primary Production potential for rain-fed conditions (kg C/ha)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

% Difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 1610 1635 1465 1443 1385 -10 =12 =18 1246 1351 1331
Central 31072 2498 3081 2415 2527 2397 2217 2354 2467 -28 -24 -20

Western 160 581 1315 1310 1244 1124 1091 =8 -14 =17 1053 1090 1038
South Western 183 421 679 794 685 570 563 -14 -28 -29 655 593 496 -18 -25 -38

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

IASA, 2019 Figure 36




Net primary production
potential for irrigated conditions kg cma)

Period 1981-2010

0.00

fo *w !“ 13500.00
- e : 15750.00
.:.. . 7 g

18000.00
20250.00

i o 2250.00
. ( ) ) . 4500.00
. . T =l - 6750.00
i f S 9000.00

) ¢ F: ; 11250.00

22500.00
24750.00
27000.00
29250.00
31500.00
33750.00
36000.00
38250.00
40500.00
42750.00
45000.00+

Source: IIASA, 2019




Ensemble mean
Period 2041-2070

RCP 8.5
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Selected agro-ecological zoning (AEZ)
agro-climatic indicators




Multiple cropping zones for rain-fed conditions

Multiple cropping zones

Period 1981-2010

] nocropping

[ single cropping

[ limited double cropping
[ double cropping

B double cropping with rice
I double rice cropping
1 tripple cropping

1 tripple rice cropping

Source: lIASA, 2019 Figure 39




Ensemble mean
Period 2041-2070

RCP 8.5

Source: IIASA, 2019

Figure 40

©FAO/ Shah Marai
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Multiple cropping zones for irrigated conditions

Period 1981-2010

Source: IIASA, 2019




Ensemble mean
Period 2070-2099

e RCP 8.5

©FAO0/ Banoun/Caracciolo

Source: lIASA, 2019 Figure 42
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Képpen climate classification (KG2)

Kdppen climate classification (level-2

Period 1981-2010

Source: IIASA, 2019

Af Tropical rainforest

Am Tropical monsoon

As Tropical savannah, dry summer
Aw Tropical savannah, dry winter
BS Semi-arid steppe climate

BW Arid desert climate

Cs Temperate, dry summer

Cw Temperate, dry winter

Cf Temperate, fully humid

Ds Cold climate, dry summer
Dw Cold climate, dry winter

Df Cold climate, fully humid

ET Polar tundra climate

EF Polar ice cap climate

[
[
[
1
[
[
[
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|
[
[
[
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Figure 43




Period 2041-2070

RCP 8.5

©FAO/ Banoun/Caracciolo

Source: lIASA, 2019 Figure 44
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Annual number of rain-days (ays

Annual number of rain-days (NDR)

Period 1981-2010

Source: IIASA, 2019




Ensemble mean
Period 2041-2070

Table 13 - Changes of annual number of rain-days (days)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 50 55 49 47 /A -6 -8 -1 45 [A 40 -10 -1 =18

Central 31072 59 63 60 58 55 -3 -5 -8 57 55 50 =7 -8 -13

Western 160 581 38 41 34 32 29 -7 -10 -12 31 30 26 -11 -12 -15
South Western 183 421 22 27 21 19 18 -6 -8 -9 19 19 17 -8 -9 -10

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Source: lIASA, 2019 Figure 46




Number of humid months (NHUM Number of humid months wrum with o)

Period 1981-2010

Source: lIASA, 2019 Figure 47



Ensemble mean
Period 2041-2070

RCP 8.5

©FAO0/Shah Marai

Source: lIASA, 2019 Figure 48
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Average number of “frost” days min<o0°c)

Number of “frost” days

(with Tmin <0 °C) Period 1981-2010

Source: IASA, 2019 Figure 49




Ensemble mean
Period 2041-2070

Table 14 - Changes of average number of “frost” days (with Tmin < 0 °C)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 108 102 94 86 81 -8 -16 -21 92 78 63 -10 -24 =3
Central 31072 159 159 145 132 126 -13 -27 =33 142 121 97 -16 -38 -62
Western 160 581 108 96 91 82 78 -6 -14 -18 90 75 59 =7 -21 -37

South Western 183 421 59 47 41 36 31 -6 -12 -16 40 29 20 -8 -18 -28

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Source: lIASA, 2019 Figure 50




umber of hot.days Average number of “hot” days (max>35°0)

(with Tmax > 35 °C)

Period 1981-2010

Figure 51



Ensemble mean
Period 2041-2070

Table 15 - Changes of average number of “hot” days (with Tmax > 35 °()
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 48 52 63 76 81 12 24 30 65 82 103 14 31 52
0 ol 12 3 12 3l 1 2 5 1 2 9
Western 160 581 53 61 73 95 91 12 24 30 75 93 118 14 32 57

South Western 183 421 106 17 127 140 147 10 24 30 129 149 173 13 88 57

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Central 31072

Source: lIASA, 2019 Figure 52




Average number of “very hot” days (max> 40°0)

Number of ‘very hot" days
(with Tmax > 40 °C)

Period 1981-2010
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Ensemble mean
Period 2041-2070

Table 16 - Changes of average number of “very hot” days (with Tmax > 40 °C)
period 2020s, 2050s and 2080s vs historical

Ensemble mean RCP 8.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

Ensemble mean RCP 4.5

Days difference with
1981-2010

20205‘ 20505‘ 2080s

North Western 77 271 12 14 25 3% 42 1 2 28 26 42 62 12 29 48
Central 31072 1, 0 0 0 0 0 0 0 0 0 0 1 0 0 1
Western 160 581 14 19 29 39 4 10 20 25 30 47 70 11 27 50

South Western 183 421 46 56 69 85 91 13 28 5 72 93 120 16 37 64

Source: Calculations based on 30 arc-second NAEZ Afghanistan climate inventory.

Regions

1961-1990 | 1981-2010

Source: lIASA, 2019 Figure 54
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The FAO/IIASA NAEZ system for Afghanistan has been used to assess
likely spatial shifts in agro-climatic characteristics of land due to
projected climate change in the period 2041-2070 (the 2050s) and
2071-2100 (the 2080s). Climatic conditions in Afghanistan will become
warmerand mostlydryerinthe future. Thiscancreate newopportunities
in the North-Eastern region but will have negative impacts on water
resources and rain-fed cropping in most other regions.

Temperature

Comparison of 1981-2010 baseline climate with climate conditions
projected for the 2050s, depending on a range of possible radiative
forcing assumptions, suggests substantial temperature increases
in Afghanistan by respectively 2.0 °C in the Western region to 2.8 °C
in the Eastern region under representative concentration pathway
RCP 4.5 and by 2.9 °C to 4.0 °C under RCP 8.5.

For the 2080s under RCP 4.5 the increases in comparison with
the 1981-2010 historical period vary from 2.6 °C (South-Western
region) to 3.6 °C (Eastern region). Under RCP 8.5 the regional
increases range from 5.1 °C to 6.3 °C.

Precipitation

Same comparisons for precipitation reveal that for the 2050s under
RCP 4.5 assumptions the average regional precipitation remains
at approximately historical levels in the North-Eastern region but
decreases by 5 to 15 percent in the other regions. Under RCP 8.5
assumptions, regional precipitation amounts decrease from about
5 percent (North-Eastern region) to as much as 18 percent (Central
and West-Central regions).

For the 2080s under RCP 4.5 the precipitation decreases in
comparison with the 1981-2010 historical period vary from 2 percent
(North-Eastern) to 18 percent (West-Central). Under RCP 8.5 the
decreases occur in all regions varying from 7% (North-Eastern) to
26 percent (West-Central).

Growing period days

Thenumberofreference growing perioddaysisameasure of thetime
during a year when both temperature and soil moisture conditions
can support crop cultivation. Due to higher evapotranspiration rates
and longer temperature growing periods due to warming but fairly




constant or lower precipitation under climate change, the number
of reference growing period days decreases generally with the
exception of the North-Eastern region and some central highland
areas where temperature growing period increases dominate.

For the 2050s under RCP 4.5 assumptions, growing periods increase
inthe North-Eastern region on average by 14 percent while in the arid
South-Western region growing periods decrease by up to 23 percent
(from an average 63 days to 48 days). Under RCP 8.5 assumptions the
changes in growing period days range from an increase by 15 percent
(North-Eastern) to decreases of up to 25 percent (South-Western).

For the 2080s under RCP 4.5 the annual number of growing period
days changes in comparison with the 1981-2010 historical period
by +15 percent (North-Eastern) to -27 percent (South-Western).
Under RCP 8.5 the respective changes range from +20 percent to
-35 percent.

Temperature extremes

Temperature extremes change substantially from the 1981-2010
period as reflected by an overall decrease in number of frost days
and increases of occurrences of hot and very hot days.

Average annual numbers of frost days (minimum daily temperatures
below 0 °C) for the 2050s under RCP 4.5 assumptions decrease by
about 30 days in the cooler North-Eastern, Central and Eastern
regions. Under RCP 8.5 the decreases in these regions are even
larger, namely 30 to 40 frost days less, a reduction by approximately
a quarter to a third.

For the 2080s under RCP 4.5 the number of frost days decreases in
comparison with the 1981-2010 historical period by up to 40 days.
Under RCP 8.5 the decreases are up to 69 days, a reduction by 40
percent to 50 percent compared to 1981-2010.

The average annual numbers of hot days [(maximum daily
temperatures more than 35 °C] for the 2050s under RCP 4.5
assumptions remain very low in Central Afghanistan but increase
from 117 days to 140 days in the South-Western region. Under RCP
8.5 the regional increases of hot days reach up to 33 additional days
(e.g. South-Western region).

For the 2080s under RCP 4.5 the number of hot days increases in
comparison with the 1981-2010 historical period by up to 30 days
(South-Western, Western and North-Western regions]. Under RCP
8.5 the increases are up to 57 days, reaching 118 hot days and 173
hot days respectively in the Western and South-Western region.

Multiple cropping

Where natural soil moisture limitations can be overcome with
irrigation, the prevailing temperature regime allows for triple
cropping in South-Western Afghanistan and in pockets of Eastern
and South-Eastern Afghanistan. In most of the Central region and
part of the North-Eastern region only one sequential or no crop
is possible due to limited heat provision at higher altitudes. In the
North-Western, Western and South-Eastern regions dominantly
double cropping can be practiced where water is available. With
climate change, and where irrigation water can be supplied, the
multiple cropping potential is expected to increase country-wide

due to warming. The enhancement of multi-cropping potential will
be rather distinct in the North-Eastern, North-Western, Central
and Eastern regions of Afghanistan.

Under purely rain-fed conditions only one crop, if at all, can be
grown in most of Afghanistan. Due to a deteriorating soil moisture
balance rain-fed double cropping in most of Afghanistan will also
not be possible in the future.

Net primary production

Net Primary Production (NPP) as used here is an agro-climatic
indicator of potential biological activity. During the 1981-2010 period
highest average rain-fed based NPP is found in the Eastern region
of Afghanistan (almost 5 tons C/ha). Lowest average rain-fed NPP is
found in the arid South-Western region (about 0.8 tons C/hal).

For projected future climate the average rain-fed NPP potential is
found to decrease in all regions with the exception of the North-
Eastern region where due to warming and sufficient precipitation
a slight increase is expected. For the 2050s under RCP 4.5
assumptions rain-fed NPP decreases by some 10 percent (Eastern
region) to 28 percent (South-Western region). Under RCP 8.5
assumptions in the 2050s the respective changes of rain-fed NPP
potential fall in a similar range of -13 percent (Eastern region) to
-31 percent (West-Central region).

For the 2080s under RCP 4.5 rain-fed NPP potential increases
slightly in the North-Eastern region and decreases in all other
regions in comparison with the 1981-2010 historical period by
between 12 percent (Eastern region) and 30 percent (West-Central
region) and with similar trends under RCP 8.5.

For irrigated NPP (assuming no water stress) the results look
different. When taking the average over the current cropland areas,
the irrigated NPP potential increases in all regions due to warming,
the least in the low-lying areas of the South-Western region and
the most at higher altitudes of the Central and North-Eastern
regions. Under RCP 4.5 conditions in the 2050s the improvements
range from 2 percent (South-Western) to 7% (Central, Eastern and
North-Eastern). Under RCP 8.5 the range of increases becomes
4 percent to 11 percent. In the 2080s the potential benefits from
warming amount to a range of 4 percent to 10 percent under RCP
4.5 and to 10 percent to 18 percent under RCP 8.5 respectively.
Note that such benefits do not account for possibly more frequent
occurrence of extreme weather events and improvements can only
materialize if irrigation water is available to meet the additional
crop water requirements resulting in a future climate due to longer
temperature growing periods and higher evaporative demand of
crops per unit area.
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1. Agro-ecological zoning procedure for
calculation of reference evapotranspiration

The calculation of reference evapotranspiration (ETo), i.e. the rate of Ta average daily temperature (°C)
evapotranspiration from a hypothetic reference crop with an assumed
height of 12 cm, a fixed canopy resistance of 70 ms™', an albedo of 0.23
(closely resembling the evapotranspiration from an extensive surface ed vapour pressure at dew point (kPa])
of green grass) and assuming well-watered growing conditions, is
done according to the Penman-Monteith equation (Monteith 1965;

Appendix

ea saturation vapor pressure (kPa)

(eq - ed) vapour pressure deficit (kPa)

Monteith 1981; FAO 1992; FAO 1998). The calculation procedure uses a u2 wind speed measurement (ms™)
standardized set of monthly, decadal or daily climatic input parameters, Rn net radiation flux at surface (MJ m2d-)
as follows:

G soil heat flux (MJ m2d)
Tmax  maximum daily temperature (°C] A latent heat of vaporization (MJ kg™)

Tmin  minimum daily temperature (°C)
In the calculation procedure for the reference crop we use the following

RH mean daily relative humidity (%) relationships to define terms in (2):

U2 wind speed measurement (ms')
: : Average daily temperature:
SD bright sunshine hours per day (hours)

A elevation (m) To= 05(Tmax+ Tmin) [4]

L latitude (deg)
Latent heat of vaporization:

A=2501-0.00236 (5)

J Julian date, i.e., number of day in year

The Penman-Monteith combination equation can be written in terms of
an aerodynamic and a radiation term:
Atmospheric pressure (kPa) at elevation A:

ETO=ETar+ETra [1]

_ 5.256
P=1013 [%} (6)
where the aerodynamic term can be approximated by
e ¥ . 900 U2 (o) 2] Psychrometric constant:
S+y* Ta+273 P
7 =00016286-— (7)
and the radiation term by
ET = e (Ru—G) 1 () Aerodynamic resistance:
g+7* 4 208
Ya= _U2 (8)
where variables in (2) and (3) are as follows:
Y psychrometric constant (kPa °C-') Crop canopy resistance:
P* modified psychrometric constant (kPa °C-) . Ri (9)
9 slope of vapor pressure curve (kPa °C) 05 LAl
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where under ambient CO, concentrations the average daily
stomata resistance of a single leaf, variable R; (sm™), is set to
R; =100, and the leaf area index of the reference crop is assumed as
LAI = 24-0.12=2.88.

Modified psychrometric constant:

}/*:y(1+ﬁ) (10)

Fa

Saturation vapour pressure e4 for temperatures and

eax=061083xp(w) (11)

2373+ T max

ea=0.6108 exp (M) (12)
2373+ T uin

ea=05 (ear+ean) (13)

Vapour pressure at dew point, eq :

RH 0.5

ed= g
100 ( o )
F?nr eﬂn

Slope of vapour pressure curve, 9, for given temperatures Tminand Tmax:

(14)

4096 eax

Rt S (15)
(23734 T awx)?

o 4096 Ean [16]
~ (23731 Ton)

9=(%+ ) (17)

Using (4)-(17) all variables in (2] can be calculated from the input parameters.
To determine the remaining variables R, and G used in the radiation term ETyq
of equation (3), we proceed with the following calculation steps:

Latitude expressed in rad:

_ Lz (18)

’=1%0

Solar declination (rad):

5:0.4093sin(2—”.1—1 .405) (19)
365

Relative distance Earth to Sun:

d=140.033c08 2% J (20)
365
Sunset hour angle (rad):
W = arc cos (—tan ¢ tan o) (21)

Extraterrestrial radiation (MJ m2d-"):

R.=37.586 d (ysin ¢sin 5+ cos ¢pcos dsin i) (22)

Maximum daylight hours:

DL = e v (23)
T

Short-wave radiation (MJ m2d-")

R= (0.25+0.5 oD )

— | Ra (24)
DL

For a reference crop with an assumed albedo coefficient =0.23 net
incoming short-wave radiation (MJ m2d) is:

Net outgoing long-wave radiation Rp/ (MJ m? d') is estimated using:

(273.16 + T )+ (273)16 + 7 i)
2

Ru= 4.903-10-"(0.”0.9%] (0.34-0.139Vex)
(26)

Using (25) and (26), net radiation flux at surface, Ry, becomes

Rn= Rn.t = Rni [27]

Finally, soil heat flux is approximated using

G=014 (Ta,n—Ta.u—I) [28]

Where Ta,n and Ta,n-1 are average monthly temperatures of current
and previous month, respectively. With equations (5}, (10}, (17), (27) and
(28] all variables in (3) are defined and can be calculated from the input
parameters described at the beginning of this Appendix.
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Agro-ecological zoning soil moisture regime

In Module 1, AEZ calculates a daily reference soil-water balance for
each grid-cell and estimates actual evapotranspiration for a reference
crop. In the Module 2, soil moisture balance calculations are performed
considering specific crop/LUTs.

Soil moisture balance

Daily soil moisture balance calculation procedures follow the
methodologies outlined in CROPWAT [FAO 1976, 1992) and the paper:
“Crop Evapotranspiration” (FAO, 1998). The quantification of a crop-
specific water balance determines crop “actual” evapotranspiration
(ETa) used for water-constrained crop yield estimation.

The volume of water available for plant uptake is calculated by means
of a daily soil water balance (Wb). The Wb accounts for accumulated
daily water inflow from precipitation (P) or snowmelt (Sm) and outflow
from actual evapotranspiration (E7a), and excess water lost due to
runoff and deep percolation.

Wb, =min(Wh, , +Sm, + P, — ETa ,,Wx)

where j is the day of the year; Wx is the maximum water available
to plants. The snowmelt (Sm) is accounted within the snow balance
calculation procedures and water in excess of Wx is booked as lost
from soil moisture due to runoff and deep percolation.

Readily available
soil moisture (p*Sa)

Field capacity
(8fc)

Actual soil
moisture

(Wb)

Permanent
wilting point
(Swp)
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The upper limit Wx of the water available to plants depends on the soil’s
physical and chemical characteristics that influence total soil water
holding capacity (Sa). By definition, Wx is the product of total soil water
holding capacity (Sa) and rooting depth (D).

Wx=_S8SaxD

The Sa value is a soil-specific attribute defined as the difference
between soil moisture content at field capacity (Sfc) and permanent
wilting point (Swp) over the rooting zone. For reference soil moisture
balance calculations, a total water holding capacity of 100 mm is
assumed. Therefore, at any given day, actual soil water content (Wb)
will be available to plants if Swp < Wb < Sfc (Figure below).

However, water extraction becomes more difficult as soil water
content (Wb) is less than a critical threshold (Wr) defined by p, the
“soil water depletion factor”, and the soil water holding capacity
(Sa). When sufficient easily extractable water is available in the
soil, actual evapotranspiration E7a will match maximum potential
evapotranspiration ETm. In the reference water balance of AEZ
Module 1, maximum potential evapotranspiration E7Tm is taken to
be the Penman-Monteith reference evapotranspiration ETo. In crop
water balance calculations of specific crops/LUTs, crop-stage specific
parameters are applied to ETo to estimate respective £Tm values.

For actual soil moisture falling below the threshold of easily extractable
water, the value of ETa will be less than ETm and a crop water deficit

WDe = ETm — ETa occurs.

Eta = ETm
Easily extractable water

Eta < ETm
Less easily extractable water

Unavailable water
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Appendix

Agro-ecological zoning net primary
production potential indicator

Net primary production (NPP) is estimated in AEZ as a function of
incoming solar radiation and soil moisture at the rhizosphere. Actual
crop evapotranspiration (E7a) has a close relationship with NPP of
natural vegetation as it is quantitatively related to plant photosynthetic
activity which is also driven by radiation and water availability. NPP is
estimated according to Zhang & Zhou (1995) as follows:

NPP = ZETGX%

The Y ETa are accumulated estimates of daily £7a from the AEZ water
balance calculations. The variable A0 denotes a proportionality constant
depending on diffusion conditions of CO, and d is an expression of
sensible heat. The ratio A0/d can be approximated by a function of the
radiative dryness index (RDI) (Uchijima & Seino, 1988).

% ~ f(RDI)= RDI xexpl- 9.87 + 6.25% RDI )

with:
12
RDI Zf:‘ i
12

DY

J=t

Where, YRn is accumulated net radiation for the year and 1P is
precipitation for the year.

Two separate evaluations of the NPP function are performed:
1. For NPP estimates under natural, i.e rain-fed conditions, RDI is

calculated from prevailing net radiation and precipitation of a grid
celland ETa is determined by the AEZ reference water balance:

NPP, =Y ETaxRDI x exp{-/9.87 + 6.25x RDI )

2. For an NPP estimate applicable under irrigation conditions, E7a
= ETm is assumed and a RDI of 1.375 is used, which results in a
maximum for the function term approximating the A0/d ratio:

NPP, =Y ETax1.375x expl-9.87 + 625x1.375)

NPP is computed based on estimated actual evapotranspiration of the
reference water balance and serves as a climate related indicator of
rain-fed biological activity.
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