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Agriculture is crucial for the national economy of Afghanistan
and in particularly so for the agriculturally dependent population
which is constituting 60% 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), was implemented from 2016
to 2021 by the Ministry of Agriculture, Irrigation and Livestock
(MAIL) and the Food and Agriculture Organization of the United
Nations (FAOQ).

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 (IIASA], whilst using FAO
Geospatial Unit’s technical know-how, 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 - suitable area, production
and attainable yield - under prevailing soil and terrain conditions
and for 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
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1. Description
of selected AEZ
input data

1.1 Climate data

For the agro-ecological zones 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 (Harris et
al., 2014) 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 NAEZ-Afghanistan are mean monthly
temperature, diurnal temperature range, cloud cover, vapor pressure
and wet day frequency.

For monthly precipitation the GPCC Full Data Reanalysis Product
Version 6 is used (Schneider et al., 2011). In the current version of
NAEZ-Afghanistan the gridded historical precipitation data cover the
period from 1961 to 2010.

1.2 Climate scenarios

IPCC ARS climate model outputs for four Representative Concentration
Pathways (RCPs) are used to characterize a range of possible future
climate distortions for the 2020's (period 2011-2040), the 2050’s (period
2041-2070) and the 2080’s (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 fifth
Assessment Report (AR5).

The four RCPs together span the range of year 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? associated by-and-large
with ‘business as usual’ development assumptions. The four RCPs -
RCP2.6, RCP4.5, RCP6.0, 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

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 reanalysis products via sequential
interpolation, elevation correction and monthly-scale adjustments
based on CRU (temperature, diurnal temperature range) and GPCC
(precipitation) monthly observations.

Historical climatic data analysis was undertaken year-by-year for
1961 to 2010 and time series data were used to compile three 30-year
baseline data sets, for respectively the periods 1961-1990, 1971-2000
and 1981-2010.

issue of 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 analyzed 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 et al., 2013). ISI-MIP data of five climate models (GFDL-
ESM2M, HadGEMZ2, 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).

T 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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1.3 Land
Cover data Major Land Cover categories

Irrigated land
Rain-fed cropland
Fruit trees & vineyards
Forest

High =hrubs
Rangeland

Bare land

Wetland

Water bodies
Snow-covered areas
Built-up areas

RURCUECNRCOE

Figure 1.1



Distribution of rain-fed cropland and main categories of
irrigated land

Rain-fed cropland

Intensively cultivated, irrigated
Active Karez

Fruit trees, Vineyards
Poorly irrigated cropland
Water bodies
Other land cover

Figure 1.2



1.4 Soil and

terrain data

Data integration for the National Afghanistan Harmonized
Soil Database (AFGHSDv1)

Afghanistan USGS Soil Map e SoilGrids250m National Gridded
Administrative . terrain slopes Global Soil Soil Attributes
of Afghanistan
Units SRTM 30m Database FAO-AFG
| | | [ |

v

World Inventory of Soil Emission
Potentials Database (WISE II)

WISE Il Soil Profile data:

The WISE database, comprising 9607 soil
profiles, has been used to derive topsoil and
subsoil attributes using uniform taxonomy-
based pedotransfer (taxotransfer) rules. The
attributes provide topsoil and subsoil data
separately by FAO’90 soil units and topsoil
textures. Attributes include: gravel content;
sand, silt and clay fractions; USDA texture class,
reference and measured bulk density; organic
carbon, pH, CECg,, CEC,y Base Saturation,
TEB, CaCO;,, CaSO,, ESP, and EC,.

Soil Mapping Units

Soil mapping units (SMUs) are compiled by
province administrative unit from available
spatial soil information from the USDA and USGS
soil maps of Afghanistan and gridded land cover
data (LCDA2010) and terrain slope data.

The SMUs are appended with soil unit
compositions and soil attributes information
derived from (i) selected national gridded soil
attribute layers, (ii) implicit soil taxonomy
classification available from the USDA soil map
and soil texture, soil depth and soil phases from
the USGS soil map, and (iii) SRTM terrain slopes.

Procedures for
compilation of AFGHSD

Conversion of soil taxonomy classifications into
FAQ’90 soil unit equivalents assigning FAO’90 soil phases.

Linkage with national gridded soil attribute data and WISE II
soil attribute databases for topsoil und subsoil layers.

Adjustment/ verification of soil unit classification
vis-a-vis current agricultural land use and terrain
slopes and info from SMU-matched
SoilGrid 250m data.

f

Geo-referenced Soil Profile Data

Attributes from gridded soil profiles data sets
from the Afghanistan soil profile database
were compiled by individual SMUs. These
attributes data include USDA texture, soil
depth, organic carbon, pH, CaCO3, sand, silt
and clay separates and soil salinity.




Generalized map of dominantly occurring soil units or
miscellaneous units

FLc Calcaric Fluvisols
FLz Salic Fluvisols

ARc Calcaric Arenosols
CLh Haplic Calcisolz
CMec Calcaric Cambizols
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Gk Calcic Gypsisols
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LPk Rendzic Leptosols
LPg Lithic Leptosols
LWk Calcaric Luvisols
RGc Calcaric Regosols
SCh Haplic Solonchaks
SCk Calcic Solonchaks
SCn Sodic Solonchaks
SHh HaPlic Solonetz
SHEk Calcic Solonetz

DS Dunes

ST Salt flats

RK Rocky land

WR Water

GG Rocky land with Galciers
UR Buit-upiUrban Areas
MA Marshes
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Figure 1.4



1.5 Geographical

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

I northeastern
[ Morthwestern
Eastern

[ central
I 'vest-Central
1 vestern
[ southeastern
@ =outhwestern

Figure 1.5




Table 1.1 lists selected indicators for each region. In terms of total
land, the largest extents are contributed by the Southwestern and
Western regions, together accounting for more than half the territory
of Afghanistan. The highest population density occurs in the Central
region, followed by the Eastern region. The highest cropland share of
27.6% is found in the Northwestern region. However, in this region
as well as in Northeastern region the share of irrigated land in total
cropland is lowest, only about 30%, compared to Central, Eastern,
Southeastern and Southwestern region where irrigation can be applied
in 85% to 100% of the cropland. Table 1.1 shows for cropland in all
regions also the mean altitude, mean annual temperature and annual
precipitation during 1981-2010.

Note, mean altitude of current cropland is more than 2000 m in Central,
West-Central and Southeastern region and is lowest in the Eastern
region (1093 m). Precipitation received on cropland in Afghanistan
was on average 283 mm, with a range across regions of 200 mm
(Southwestern region) to 430 mm (Eastern region).

Table 1.1 Selected indicators by region

Cropland Characteristics

Total .
Regions Land 2010 Population

Cropland  Of which M M J—
(1000 ha % of total roptan whie el ean nnua

share Irrigated Altitude Temp Precipitation
(%) (%) (m) (°C) (mm)

Afghanistan 63896 M 1000 11.8 50 1373 14.4 283

+ Total land and current cropland areas were calculated using the NAEZ-Afghanistan gridded spatial inventory of land resources. Mean altitude, mean annual temperature and annual precipitation
were derived from the NAEZ Afghanistan climate inventory. Cropland includes irrigated land for fruit trees and vineyards.




2. Agro-
ecological

Zones
classification

2.1 Introduction

The agro-ecological zones methodology provides a framework for
establishing a spatial inventory of land resources compiled from
available environmental data sets and assembled to quantify multiple
spatial characteristics required for the assessments of land productivity
under location-specific agro-ecological conditions. The AEZ class
layer for Afghanistan provides a uniform classification of bio-physical

2.2 Temperature regime

The delineation of four temperature regime classes (TR}, which are used
to define AEZs, has been applied to subdivide the country in areas which
are generally too cold for cropping (TR1), areas where heat provision can
support only one crop peryear (TR2), areas where the temperature regime
allows potential double cropping (TR3), and areas with ample heat supply
for potential year-round cropping (TR4). Conditions in different TR classes
relate to the thermal requirements of different crops and the possibility
to grow one, two or even three sequential crops. Since water supply from
rainfall is very limited in most of Afghanistan, double and year-round
cropping can be practiced generally only when irrigation is available.

Temperature regime classes were defined as follows:

TR1:  Cold conditions / No or marginal cropping: Class TR1 is assigned
when the length of the temperature growing period (LGP.s) is less than
120 days or annual accumulated temperature sum (TS.s) is less than
1400 degree-days (dd).

TR2:  Cool conditions / Single cropping: Class TR2 is used in areas
where at least one of the following three conditions applies. (i) The
temperature growing period (LGP.s) exceeds 120 days but is less than
240 days; (i) Annual accumulated temperature sum TS, exceeds 1400
dd but is less than 4000 dd; or (iii) Annual accumulated temperature sum
TSi1gis less than 3200 dd.

TR3:  Moderately warm conditions / Potential double cropping: Three
conditions are tested for the occurrence of class TR3. (i) Temperature
growing period (LGP.s) exceeds 240 days but is less than 345 days; (i)
Annual accumulated temperature sum TS5 exceeds 4000°days but is
less than 6000°days; or [iii) Annual accumulated temperature sum TS
exceeds 3200°days but is less than 5500°days.

TR4:  Warm conditions / Potential year-round cropping: The class of
year-round cropping is defined as areas where the temperature growing
period (LGP.s) exceeds 345 days, annual accumulated temperature sum
TSis exceeds 6000°days, and annual accumulated temperature sum
TS0 exceeds 5500°days.

The spatial distribution of temperature regime classes TR1 to TR4, using
average annual climate indicators calculated for the period 1981-2010, is

resources relevant to agricultural production systems.The inventory
combines spatial layers of thermal and moisture regimes with broad
categories of soil/terrain qualities. It also indicates locations of areas
with dominantly irrigated soils and shows land with severely limiting
bio-physical constraints including very cold and very dry areas as well as
areas with very steep terrain or very poor soil/terrain conditions.

classes

shown in Figure 2.1a. Distributions of thermal regime classes will shift with
climate change, from south to north and from lower to higher altitudes.
Figure 2.1b provides ensemble mean results for projected climate of the
period 2041-2070 under RCP 4.5. Figure 1.2c shows the results under rapid
climate change as projected for the period 2071-2099s under RCP8.5.

The cold thermal regime class TR1 is considered not suitable for
crop production. Average daily temperature is below 5°C for more
than 8 months, which renders cropping impossible or very marginal.
Agricultural use of TR1 outside permafrost zones is limited to pastures
and occasionally cryophilic crops with very short duration cultivars
adapted to germinate and grow at marginal soil temperatures, e.g.,
specific spring wheat and barley varieties and early white potato.

The cool thermal regime class TR2 occurs at higher altitudes. Zone TR2
cannot accommodate crops adapted to warm temperatures. Cultivation is
mostly practiced with cryophilic crops, including wheat, barley, potatoes
or rapeseed. TR2 imposes frost risks and therefore frost sensitive
perennials, like citrus or olive, cannot be grown.

Thermal regime class TR3 occurs mainly in areas at altitudes below
1500m, but excluding the warm Southeastern and Southwestern regions
of the country. Heat provision in TR3 is less than in TR4 and mean
monthly temperature can be less than 5°C for up to 4 months. TR3 allows
some crops adapted warmer temperatures to be grown, e.g., tobacco,
sunflower, soybean and various vegetables. In the subtropical thermal
climate some temperature seasonality occurs and where water is
available thermal regime class TR3 can support sequential cropping of a
winter/spring crop and a summer/autumn crop.

Thermal regime class TR4 occurs mainly in the Southeastern and
Southwestern regions at altitudes generally below 1000m. There is no
or only little frost risk for perennial crops, no hibernation for annual
crops. Where irrigation and a reliable water supply are available, year-
round cropping can be practiced and, depending on season, a wide range
of crops can be grown in TR4 including thermophilic annual crops like
cotton, tobacco, rice, soybean or groundnut (crop adaptability group C3-
I); maize, sorghum, foxtail millet (crop adaptability group Cé4-ll); and
during the cooler season wheat, barley, white potato, bean, rapeseed and
sunflower (crop adaptability group C3-1).



Temperature regime classes for current and future climate, Ensemble mean, RCP8.5,
Reference climate 1981-2010 2041-2070-2099

2041-2070

T TR1: Noor marginal cropping
I TRZ: Single cropping

1 TR3: Double cropping e 2 07 0-2 099

[ 1 TR4: vear-round cropping

Figure 2.1a Figure 2.1b, 2.1c
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2.3 Moisture regime classes

The delineation of five moisture regime classes makes use of the NAEZ
agro-climatic inventory and applies results of the NAEZ daily reference
water balance to define broad moisture regime classes as follows:

M1: delineates desert/arid areas where 0 < LGP* <50 days
M2: is used for dry semi-arid areas with 50 < LGP* < 70 days

M3: represents semi-arid areas with 70 < LGP* < 90 days

M4: denotes semi-arid areas where 90 < LGP* < 120 days, and
M5: indicates moist semi-arid or sub-humid areas with LGP* > 120 days.

Moisture regime classes M1 to M5 are based on the growing period
indicator LGP* using agro-climatic indicators presented in Part 1 of
this Atlas (FAO & IIASA, 2019). For areas with temperature growing
period LGP.s > 300 days the indicator LGP* is set to the total number of
annual growing period days (LGP). When LGP.; < 300 days, i.e., areas
with seasonal temperature limitations, the LGP* indicator is set as the
maximum of LGP days and a function of the annual precipitation over
potential evapotranspiration (P/ET0) ratio. This function results in 60
days for a ratio P/ETO0 ~ 0.15, in 90 days for P/ETO ~ 0.275, 120 days for
P/ETO ~ 0.40 and 180 days for P/ET0 ~ 0.65.

Moisture regime classes for current and future climate are presented
in Figure 2.2.

Figure 2.1 and Figure 2.2 illustrate the projected impacts of climate
change on respectively temperature regime and moisture regime
classes. For temperature regime classes the implication is that
the cold and cool classes TR1 and TR2 will shrink substantially with
climate change and will be found in the future only at high and very high
altitudes. Class TR4, with temperature conditions allowing year-round
cropping, will expand from current areas, mainly in the Southwestern
region, into large parts of Western and Northwestern region.

The impact of warming, combined with relatively little changes in annual
precipitation, will result in the expansion of the arid and dry semi-arid
moisture regime classes M1and M2, and will cause a reduction of extents
in class M3. Overall this signals a gradual worsening of the annual soil
water balance with the implication that in large parts of Afghanistan
irrigation will become increasingly important for successful cropping.



Moisture regime classes for current and future climate Ensemble mean, RCP8.5,
Reference climate 1981-2010 2041-2070-2099

[ m1: LGP* < 50 days

1 m2: 50 < LGP* < 70 days
1 m3: 70 < LGP* < 80 days —_J
I M4: 90 < LGP* < 120 days 2070-2099
B 5 LGP® = 120 days

Figure 2.2a Figure 2.2b. 2.2c




2.4 AEZ classes
related to soil/
terrain and special
purpose land cover

classes used for AEZ delineation

| N

Soil/terrain limitations and special purpose land cover

5ST1: Dominanthy very steep terrain

5T2: Mo or moderate seoilterrain limitations

3T3: Soilterrain limitations

5T4: Severe soilterrain limitations
L1: Dominanthy Irrigated land

L2: Deminanthy VWater

L3: Dominantty Buit-updArtificial

Figure 2.3



Further, NAEZ-Afghanistan distinguishes three land cover classes, L1-
L3 listed below, related to selected [special purpose] elements of the
LCDA 2010 land cover database (FAO, 2016):

L1: denotes dominantly irrigated areas where the share of irrigated
cropland in a grid cell exceeds a specified minimum threshold (e.g.,
25% of a 7.5 arc-second grid cell),

L2: relates to the dominance of inland water bodies in a grid cell,
i.e., where the respective land cover share for water bodies exceeds
a specified threshold (e.g., 50% of a 7.5 arc-second grid cell), and

L3: relates to areas where built-up/artificial surfaces dominate.
For constructing AEZs, the three special purpose land cover classes

L1 to L3 were combined with soil/terrain related classes ST1 to ST4 as
shown in Figure 2.3:

©FAO0/Giulio Napolitano
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2.5 Agro-ecological
Table 2.1 AEZ classes in NAEZ-Afghanistan zones Classes in NAEZ
AEZ Acronym Description Afg h a n iSta n

The temperature regime classes TR1-TR4, moisture regime classes
M1-M5, soil/terrain related classes ST1-ST4, and special purpose land
cover classes L1-L3, represent the different dimensions used for AEZ
classification in NAEZ-Afghanistan. These were combined step by step,
following a priority scheme, to form 18 unique AEZ classes, listed in
Table 2.1.

Of the 18 AEZ classes, class AEZ-01 and AEZ-14 are climatically not or
only very marginally suitable for cropping. Classes AEZ-15 to AEZ-18
are severely limited for agricultural use due to soil/terrain constraints

or because of water bodies and urban land use.




AEZs compiled for baseline climate conditions during 1981-2010 (see
Table 2.2) show the largest extents for the classes ‘Dominantly severe
soil/terrain limitation” (22.5%, AEZ-16) and ‘Dominantly very steep
terrain’ (15%, AEZ-15).

In total, land with severe constraints [i.e., the classes with very steep
terrain (AEZ-15), poor soils (AEZ-16), very cold climate (AEZ-01), or
desert/arid conditions (AEZ-14]) accounts for slightly more than 50%
of the territory of Afghanistan. The share of severely limited land is
largest in the Northeastern and Eastern regions (more than 70%) and
with about 24% is lowest in the Northwestern region.

Land with thermal conditions for year-round cropping (TR4) and without
severe moisture/soil/terrain constraints (AEZ-10 to AEZ-13) account for
9% of the territory. These areas are mainly located in the Southwestern,
Western and Eastern region.

Table 2.2 Distribution of total land by AEZ classes

Agro-ecological zones class

Total land area (1000 ha)* 64159 8053 7715 2501 3017
Total land (% of total) 100 12.6 12.0 3.9 4.8

5572

16 048

2842

18 321

DISTRIBUTION OF TOTAL LAND BY AEZ CLASS (%) AND REGION*

* NE: Northeastern; NW=Northwestern; E=Eastern; C=Central; WC=West Central; W=Western; SE=Southeastern; SW=Southwestern

+ Land extents were calculated using the NAEZ-Afghanistan gridded spatial inventory of land resources.

8.7

25.0

4.4

28.6




2.6 Changes o

agro-ecologica Agro-ecological zones classes for current and future climate
zones due to Reference climate 1981-2010

climate change

Cold / Mo or marginal cropping

Single cropping / Dominanthy irrigated =oils
Single cropping / Dry-Semiarid / Arable soils
Single cropping / Semiarid / Arable =oils
Single cropping / Moist-Semiarid / Arable zoils
Double cropping / Dominanthy Irrigated soils
Double cropping / Dry-Semiarid / Arable soils
Double cropping / Semiarid / Arable soils
Double cropping / Moist-Semiarid / Arable soils
Triple cropping / Dominanthy Irrigated soils
Triple cropping / Dry-Semiarid / Arable soils
Triple cropping / Semiarid / Arable soils

Triple cropping / Moist-Semiarid / Arable soils
De=sert / Arid

Dominantly steep terrain

Dominanthy very poor or unsuitable soils
Water

Urban / Buit-up land

ENOOROOREOCERR00R

Figure 2.4a



Ensemble mean, RCPS.5,
2041-2070-2099

2070-2099

Figure 2.4b, 2.4c
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3. Impacts of
climate change
on the suitability
of crops

3.1 Introduction

The quality and availability of land and water resources, together with
socio-economic conditions and institutional factors, are essential to
assure sustainable food security. In order to optimize the wise use of the
land and water resources it is important to determine their agronomic
potential. The crop cultivation potential describes the agronomically
possible upper limit to produce different crops under given agro-
climatic, soil and terrain conditions for specific levels of agricultural
inputs and management conditions.

The suitability of land for the cultivation of a given crop/LUT depends on
specific crop requirements as compared to the prevailing agro-climatic
and agro-edaphic conditions at a location. AEZ combines these two
components systematically by successively modifying grid-cell specific
agro-climatic potential yields according to assessed soil limitations and
terrain constraints.

Calculation procedures for establishing crop suitability estimates
include five main steps of data processing, namely:

(i) Climate data analysis and compilation of general agro-climatic
indicators for historical, baseline and future climates;

(ii) Crop-specific agro-climatic assessment and water-limited biomass/
yield calculation;

(iii) Yield-reductions due to the impacts of agro-climatic risks and
constraints of workability, pests and diseases;

(iv) Crop specific edaphic assessment and yield reductions due to soil
and terrain limitations, and

(v) Integration of results from steps (i) to (iv) into crop-specific grid-cell
databases. These are used to map by time period the agro-ecological
suitability, attainable yields and potential production, and to compile
detailed crop summary tables by districts, provinces and major regions.

Table 3.1 Selected cropland indicators from GIS and statistical sources

Cropland, of which: 7 535 7910 7910
CRainfederopland 0 37%
Irrigated land, of which: 3800 3208 3208
Cntensive cultivation 227
Active Karez system 254
COrchards &Vineyards 200
Poorly irrigated 1110
Irrigated land (excl. Poorlyirrigated class) 2691
Cultivated rain-fed land 1536 1309
Area actually irrigated 1925 2266
Landundercrops,ofwhich 342 3575
Land under temporary crops 3 344 3420
Landunderpermanentcrops 18 s
Land with temporary fallow 4 L49 4 335

Source: LCDA 2010, FAOSTAT (download on 5 May 2021 from http://www.fao.org/faostat/en/#data/RL)
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" The difference between C3 and C4 plants relates to the process that plants use to turn light, carbon dioxide, and water into sugars that fuel plant growth,
using the primary photosynthetic enzyme Rubisco. In C3 plants the first carbon compound produced in photosynthesis contains three carbon atoms; in C4
plants the CO2 is first fixed into a compound containing four carbon atoms. C4 plants have substantially higher rates of CO2 exchange, which is reflected
in higher biomass and yield production capacities as compared to C3 plants

Cropland use in 2009-2018

6000

Cropland (1000 ha)

Illl T |‘|| .Ill“

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

M Cultivatedrainfed W Actually irrigated = Temporary fallow

Source: Afghanistan Statistical Yearbook, various years. Figure 3.1



4.3 million hectares, i.e., in any particular year a very substantial fraction
of the cropland base is not used for cropping. Actually cultivated rain-fed
cropland is reported to be on average 1.3 million hectares in 2014-2016

compared to 3.7 million hectares classified as rain-fed cropland in LCDA Table 32 Cultivated areaq, production and y|e|d of major Cl’OpS in Afghanistan

2010.
1999-2001 2009-2011 2014-2016

Figure 3.1 shows very substantial fluctuations of land under rain-fed

cultivation, mainly caused by recurrent drought conditions, e.g., such

as in 2017 and 2018. The reported rain-fed cropland use varied during Crop Indicator
2009-2020 between as little as 0.4 million hectares (in 2018) and as

much as 1.7 million hectares (in 2009 and 2010). This is mirrored by

temporary fallow cropland ranging during the last decade between 5.5

million hectares (in 2018) and 4.0 million hectares (in 2020).

LCDA 2010 records land classified as irrigated cropland, orchards and
vineyards of 3.8 million hectares of which 1.1 million is termed "Poorly
irrigated/Inactive Karez system’. FAOSTAT puts total land equipped for
irrigation at 3.2 million hectares. However, the area actually irrigated in
2014-16 is reported in FAOSTAT as 2.3 million hectares.

In the last decades, cereal crops have been accounting for about 85% of
all reported harvested area in Afghanistan (see Table 3.2). By far the most
important staple crop has been wheat, contributing two-thirds of annual
harvested areas. Other significant cereals include barley, rice and maize.

Total cultivated 2710 4065 1500 3412 8011 2 348 3548 9325 2628

Source: Afghanistan Statistical Yearbook, various years; FAOSTAT (at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021.

While cereal cultivation is important in all regions, contributing about

70-90% of a region’s harvested areas, there are some variations of
cereal crop shares across regions (see Table 3.3). Cereal harvested
area accounts for 90% of reported total harvested area in two regions
(Northeastern and Southeastern region). The lowest shares, below 80%

of total harvested area, are found in Central and Southwestern regions Table 33 Harvested area Share Of major CrOpS in 2014_1 6, by region

where fruits and nuts are widely cultivated, contributing respectively 14%
and 13% of cropped area.

In the following sections the results of simulations with projected
future climate are summarized for selected major crops, which Crops
were chosen in view of their importance according to the statistical
data, the projected climatic trends, and emerging adaptation needs
and opportunities. Differences in crop requirements and suitability,
and the large heterogeneity of land resources, from Northeastern to
Southwestern region, create differences in climate change impacts,
which will depend on location (latitude and altitude), crop type and crop
calendar (winter crops, summer crops, perennial crops), and critically
on water source for cropping (rain-fed or irrigated). Suitability and
productivity results are presented for selected crops currently grown,
namely Wheat, Barley, Maize, Paddy Rice, Cotton, White Potato, and
Citrus. The chapter closes with an assessment of climate change
impacts on rangeland production.

CULTIVATED AREA BY REGION (% of total harvested area in region)*

TOTAL crops (1000 ha) 3548 888 895 235 260 252 462 134 422

* NE: Northeastern; NW=Northwestern; E=Eastern; C=Central; WC=West Central; W=Western; SE=Southeastern; SW=Southwestern
Source: Afghanistan Statistical Yearbook 2016-17 (MAIL data by province for 2007 to 2017 provided by FAO-Afghanistan); FAOSTAT
(available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021.




3.2 Climate change
Impacts on wheat
suitability and
production

Wheat harvested area, Period 1965-2020
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Afghanistan Statistical Yearbook 2020 (NSIA, 2021).

Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021;




Wheat (Triticum ssp)

Spring wheat (with growth cycles between 90 to 150 days) and winter
wheat (with pre- and post-dormancy growth cycles of 35+105 to 50+150
days) are assessed in cool environments, while subtropical cultivars
(with growth cycles of 100 to 150 days), grown in winter without
hibernation, are assessed in the warmer subtropical environments of
Afghanistan with year-round temperature growing periods. Wheat is
a cool-loving (cryophilic) crop. Warm temperatures may cause yield
losses due to increased respiration because of higher night-time
temperatures. Wheat requires rainfall between 350 mm and 1250 mm.
High humidity combined with warm temperatures during growth may
cause disease problems (e.g., rust]. During ripening and harvest dry
conditions are required.

Wheat belongs to the C3 crop group (C3 1) which is characterized with
optimum photosynthesis and growth at temperatures between 15°C
and 20°C. Temperatures above 20°C lead to lower photosynthesis, and
temperatures above 30°C cause growth cycle curtailment and severe
heat stress, both leading to lower yields. Wheat is well suited for
cultivation in subtropical winter rainfall areas, such as in Afghanistan,
and is the dominant food staple of the country.

Table 3.4 Suitability of wheat on rain-fed and irrigated cropland in 1981-2010, by region

Suitable area and potential production

Area Production Yield

Rain-fed

Irrigated

Cropland

Regions Cropland

Suitable area and potential production

Area

Production

Yield

TOTAL 37345 14222 1081.1 0.85 3600.2 28479 10 004.9 3.90

Source: Afghanistan Statistical Yearbook, various years; FAOSTAT (at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021.




Results of irrigated wheat potential on all current arable land equipped
with irrigation (3.6 million ha, as derived from LCDA 2010 land cover)
indicate a maximum suitable area for wheat of nearly 2.85 million
hectares and a potential production of 10.0 million tons. For rain-fed
land (3.7 million ha according to LCDA] the suitable area, including
marginally suitable extents, amounts to 1.42 million ha and a potential
production of 1.1 million tons. However, note that in reality not all areas

. I . 0ot - ; classified as irrigated land will be available for wheat cultivation due
Table 3.5 Suitability of wheat on different classes of irrigated land in 1981-2010, by region to Lkely water daficits in the ‘Poorly rrigated: land elass (1.1 million
ha). At national level nearly one-third of irrigated cropland is classified
as ‘Poorly irrigated’. For the regions this class accounts for 7.4% [in

. o [ . S

LCDA Irrigated Areas (1000 ha) Suitable land for irrigated Wheat (1000 ha) NE reglo,n] to more than 50./0 lin SE r_egllon]. When excluding "Poorly

irrigated” land, the area suitable for irrigated wheat reduces to 1.9

Regions Intensively Active Orchard & Poorly Intensively Active Orchard & Poorly million hectares (on a remaining irrigated cropland of 2.5 million ha)
Irrigated Karez Vineyard Irrigated Irrigated Karez Vineyard Irrigated and the potential production amounts to 6.6 million tons.

Table 3.5 lists the areas suitable for irrigated wheat cultivation for
various LCDA 2010 irrigated land classes differentiated in the resource
inventory. Note, upon the advice of experts available at FAO-Afghanistan,
‘Poorly irrigated’ areas listed in Table 3.5 have been included when
estimating suitability and production potentials.

TOTAL 2236.7 253.5 200.1 1109.7 1665.5 231.7 153.1 950.6




Table 3.6 presents for different periods and RCPs an overview of climate
change impacts on the extents of cropland suitable for wheat on current
rain-fed and irrigated cropland relative to reference period 1981-2010.
Results have been summarized for eight major regions of Afghanistan
and refer to the ensemble means of crop simulation outcomes using
climate projections of five climate models and for the four RCPs.

Table 3.6 Climate change impacts on suitable cropland for wheat

% Change of suitable area relative to historical suitable area of period 1981-2010

2020s 2050s 2080s 2020s 2050s 2080s | 2020s 2050s 2080s 2020s 2050s 2080s

Regions

TOTAL 5.6 5.0 6.4 4.5 4.5 8.6 5.3 6.1 8.6 1.3 4.3 6.1




Table 3.7 Climate change impacts on potential attainable wheat yields (% change w.r.t. 1981-2010)

Regions

% Change of average potential yield relative to potential yield of 1981-2010

1981-2010 2050s 2080s 2050s 2080s 2050s 2080s 2050s 2080s

At national level and in most regions the extents suitable for wheat
increase slightly with climate change. Exceptions are the Eastern
region and the Southwestern region where rapid warming (especially
under RCP8.5) causes in the long-term some previously suitable
cropland to become unsuitable for wheat production. In contrast, for
the ensemble mean of results, the national average potential wheat
yield of suitable cropland decreases with climate change by 3% to 6% in
2050s and by 6% to 13% in 2080s, depending on climate scenario. Only
in the Northeastern region are average potential wheat yields projected
to increase. Yield impacts by region are summarized in Table 3.7 and
the combined impact of area and yield changes on potential wheat
production is listed in Table 3.8.




The results listed in Table 3.7 and Table 3.8 do not consider the likely
beneficial effects of increased future atmospheric CO, concentrations.
This allows us to focus on the possible impacts of changing climate
conditions on the wheat production potential of each region. While
wheat belongs to the group of C3 plants, which have responded well to
CO; enrichment in controlled experiments, the magnitude of the actual
CO, impact in farmer’s fields will also depend on the presence of other
environmental limiting factors (e.g., climate, soil, water, nutrients) and
is in the scientific literature regarded as quite uncertain.

As presented in Table 3.8, the wheat production capacity in the 2050s is
projected to increase with climate change foremost in the Northeastern
region and less so in the Central and West-Central regions. Increasingly
negative production impacts are found in the Eastern, Western,
Southeastern and Southwestern regions. On balance, the national
wheat production potential changes only little by the 2050s, but the
aggregate impact may become significantly negative in the second half
of this century with rapid warming such as under RCP8.5.

Table 3.8 Climate change impacts on wheat production potential (% change w.r.t. 1981-2010)

% Change of average potential yield relative to potential yield of 1981-2010

1981-2010 2050s 2080s 2050s 2080s 2050s 2080s 2050s 2080s

Regions

TOTAL 11.09 1.7 -0.3 -1.3 -1.3 0.5 -1.9 -1.4 -8.1




Index of potential wheat production capacity
(1981-2010 = 100)
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Changes of regional composition of potential wheat
production capacity

RCP8.5 2080s
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Wheat suitability index class of current cropland,
Reference climate 1981-2010

......

B CRRE0OEN

Sl=85: Wery high
T0=5kB5: High
55570 Medium
40=5k55. Moderate
25=5k40:; Marginal
10525 Very marginal
0=Zl=10; Mot suitable
Si=0: Not suitable

Mo cultivation

Water

Built-up

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the
NAEZ-Afghanistan system using climate projections of five climate models. Values shown for current
cropland refer to average suitably class per 7.5 arc-seconds grid cell of the resource inventory.

Figure 3.5a



Ensemble mean,
RCPS8.5, 2041-2070-2099

2041-2070

2070-2099

©FAO/Farshad Usyan

Figure 3.5b, 3.5¢
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Potential wheat production on current cropland (tons)
Reference climate 1981-2010

Source: Simulations using historical climate of 1981-2010. Values shown for current cropland refer to potential Figure 3.6
wheat production at intermediate input level per 7.5 arc-seconds grid cell, i.e. about 5 hectares.



Table 3.9 summarizes the changes in average irrigation requirements
(mm) of potentially suitable irrigated wheat land. It may come as a
surprise that in the NAEZ simulations average irrigation requirements
for wheat decrease with climate change, which is the combined result
of several factors, such as (i) changing crop calendars (shorter winters),
(i) changing wheat types selected for cultivation (spring wheat,
hibernating winter wheat, subtropical wheat grown through winter),
and (iii) changing suitability of wheat.

For the historical period 1981-2010 the average simulated net irrigation
demand of wheat is highest for Central and Western region, and lowest
for irrigated cropland in Northeastern and Northwestern region.

Increases of irrigation demand due to climate change were estimated
for West-Central and Southeastern region. In all other regions the
adapted crop calendars and changed wheat types resulted in lower net
irrigation demand.

Table 3.9 Climate change impacts on irrigation demand of irrigated wheat

Net Irrigation Water Requirements (mm)
1981-2010 2050s 2080s 2050s 2080s 2050s 2080s 2050s 2080s

Regions

TOTAL 269 263 270 254 260 248 255 228




Water deficit (mm) during the wheat growth cycle
Reference climate 1981-2010

Source: Simulations using historical climate of 1981-2010. Water deficits (mm) shown indicate for 7.5 arc-second grid Figure 3.7a
cells the net irrigation demand to fully meet water requirements for wheat cultivation on current irrigated cropland.



Ensemble mean,
RCP8.5, 2041-2070-2099

Figure 3.7b, 3.7¢
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Length of dormancy period (days)
Reference climate 1981-2010

Source: Simulations using historical climate of 1981-2010. Values shown indicate the number of days with average Figure 3.8a
daily temperature Ta < 5°C.



Ensemble mean Reduction in length of dormancy period compared
RCP8.5, 2041-2070-2099 to reference climate of 1981-2010 (days)
Ensemble mean, RCP4.5, 2041-2070 / RCP8.5, 2070-2099
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2041-2070

2070-2099
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Figure 3.8b, 3.8¢c Source: Simulations using historical and projected future climates. Values indicate the reduction (days) in the number of days Figure 3.9a, 3.9b

with average daily temperature Ta < 5°C for an ensemble mean of projected results relative to outcomes for period 1987-2010.
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3.3 Clhimate change
Impacts on barley Barley harvested area, Period 1965-2020
suitability and

production
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Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021; Figure 3.10
Afghanistan Statistical Yearbook 2020 (NSIA, 2021).



Table 3.10 presents suitability and potential production of Afghanistan’s
cropland (spatial distribution of cropland has been derived from LCDA
2010 land cover and amounts to about 7.5 million ha) when assessed
for producing respectively rain-fed and irrigated barley. Comparing
the simulated land suitability and potential production of the period
1961-1990 and the period 1981-2010, the results suggest a very minor
improvement (plus 0.5%), with some reduction only in Southwestern
region and slight increases in other regions.

Table 3.11 shows for different periods and RCPs an overview of climate
change impacts on the extents of land suitable for barley on current
rain-fed cropland and on land equipped for irrigation. Results refer
to the ensemble means of crop simulation outcomes using climate
projections of five climate models and for two RCPs, namely RCP4.5
and RCP8.5.

Barley (Hordeum vulgare)

Spring barley (with growth cycles of 90 to 135 days) and winter barley
(with pre- and post-dormancy growth cycles of 35+105 to 50+150
days) were assessed in cool environments, while subtropical cultivars
(with growth cycles 90 to 135 days) have been assessed in the warm
subtropical environments of southern Afghanistan. Warm temperatures
may cause yield losses due to increased respiration because of higher
night-time temperatures. Barley requires rainfall between 300 mm and
1100 mm. High humidity combined with warm temperatures during
growth may cause disease problems (e.g., rust]. During ripening and
harvest dry conditions are required.

Barley, like wheat, belongs to the C3 crop group (C3 I} which
is characterized with optimum photosynthesis and growth at
temperatures between 15°C and 20°C. Temperatures above 20°C lead to
lower photosynthesis and temperatures above 30°C cause growth cycle
curtailment and severe heat stress, both leading to lower yields. Similar
to wheat, barley is well suited for cultivation in winter rainfall areas.

Table 3.10 Suitability of barley on rain-fed and irrigated cropland in 1981-2010, by region

Regions

Rain-fed Cropland

Suitable area and potential production

Suitable area and potential production
Irrigated Cropland

TOTAL 3734.5 1907.5 2015 1.17 3600.2 3046.9 11916 4.35

Table 3.11 Climate change impacts on suitable cropland and attainable yield for barley

Regions

Suitable
Area
(1000 ha)

% Change relative to 1981-2010

Attainable
Yield
(tons/ha)

% Change relative to 1981-2010




Table 3.12 Climate change impacts on barley production potential and net irrigation requirements

% Change relative to 1981-2010

Potential Net
. Production Irrigation
Regions (1000 tons) (mm)

TOTAL 13931 A1 17 25 87

% Change relative to 1981-2010

-15.4

-19.4

-18.6

-28.1

At the national level and in all regions the extents suitable for barley
increase with climate change by the 2050s. This trend continues to
the 2080s in the northern regions but changes in the southern regions
where some previously suitable cropland becomes unsuitable for
barley production due to warming. In contrast, for the ensemble mean
of results, the national average potential barley yield calculated over
all suitable cropland (without accounting for possible yield impacts due
to elevated atmospheric CO, concentrations) decreases with climate
change by about 7-8% in the 2050s and by 9% to 15% in the 2080s,
depending on climate scenario (Table 3.11). The combined impacts of
area and yield changes on potential barley production are listed in Table
3.12.

The barley production capacity in the 2050s is projected to increase with
climate change foremost in the Northeastern region and to some extent
in the Central and West-Central regions. The other regions experience
negative production impacts. On balance, the national barley production
potential decreases only -1% to -3% by the 2050s, but may suffer
significant negative impacts in the second half of this century with rapid
warming such as under RCP8.5.

By the 2080s, the losses of national barley production potential
depend largely on climate trajectory. In the simulations with RCP4.5
the ensemble mean falls -1.9%. Under RCP8.5, even though the
Northeastern region still records a small plus, losses computed at
national level amount to -9.1% due to large decreases mainly in low-
lying eastern and southern regions.

As observed for wheat, the simulated results of irrigation requirements
per unit area for barley decrease quite substantially with climate
change due to multiple factors including (i) changing crop calendars
(shorter winters), (i) changing barley types selected for cultivation (e.g.,
shift from spring barley to winter barley; shift from hibernating winter
barley to subtropical non-hybernating barley types), and (iii) changing
suitability of barley areas.
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Changes of regional composition of potential barley
production capacity
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Barley suitability index class of current cropland
Reference climate 1981-2010

BN CRRECONN

SI=85: Wery high
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Sl=0: Mot suitable

MNo cultivation

Water

Buitt-up

per 7.5 arc-seconds grid cell of the resource inventory.

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ-Afghanistan Figure 3.13a
system using climate projections of five climate models. Values shown for current cropland refer to average suitably class
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Figure 3.13b, 3.13c

Source: Simulations using historical climate of 1981-2010. Values shown for current cropland refer to potential barley
production at intermediate input level per 7.5 arc-seconds grid cell, i.e. about 5 hectares.
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3.4 Clhimate change

Impacts on maize
suitability and
production

Maize harvested area, Period 1965-2020
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Afghanistan Statistical Yearbook 2020 (NSIA, 2021).

Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021;




Maize (Zea mais)

Maize (temperate and subtropical cultivars for grain and silage maize
with growth cycles of 90 to 180 days] is an annual crop belonging
to the group of crops with a C4 photosynthesis pathway (C4 1),
which is characterized with optimum photosynthesis and growth at
temperatures between 20°C and 30°C. Temperatures above 30°C lead
to lower photosynthesis and temperatures between 35°C and 40°C
may cause heat stress and eventually plant damage, especially during
the reproductive phase. Both are leading to lower yields. Maize cannot
withstand frost at any stage of its growth. Minimum temperature for
germination is 10°C and ideally above 15°C.

Annual rainfall requirements for maize may vary from 500 mm up to
2,000 mm depending on cultivar and environment. Maize is grown in
Afghanistan during the dry summer period and is most suitably grown
with supplementary or full irrigation.

Table 3.13 Suitability of grain maize on rain-fed and irrigated cropland in 1981-2010, by region

Rain-fed

Suitable area and potential production Suitable area and potential production
Irrigated

Cropland

Regions Cropland

Area Production Yield Area Production Yield

TOTAL 3734.5 175.6 182 1.16 3600.2 2 606.8 14 878 6.34




Table 3.14 Suitability of silage maize on rain-fed and irrigated cropland in 1981-2010, by region

Suitable area and potential production Suitable area and potential production
Irrigated

Area Production Yield

Rain-fed
Cropland

- Cropland
RegIOI'IS Area Production Yield

TOTAL 3734.5 611.9 1301 2.36 3600.2 2 641.1 22 909 9.64

Maize does not tolerate frost and must be grown in summer. Hence, its
crop calendar is not directly in competition with wheat or barley, but
during the dry summer period irrigation is required for cultivation in
nearly all cropland areas of Afghanistan. Only about 5% of the rainfed
cropland was assessed as potentially suitable for rain-fed maize
production, most of which was found in the Northeastern region. With
irrigation, maize can be grown in all regions, but farmers will often
prefer to grow higher value alternative crops rather than grain maize.
Comparing the simulated land suitability and potential production of
the period 1961-1990 and the period 1981-2010, the national results
are nearly the same, with minor improvements of irrigated production
potential and some reduction in the relatively small rain-fed potential.

The largest total extents of suitable land for irrigated grain maize are
located in Southwestern region, followed by the Northwestern and
Western region (see Table 3.13). The same ranking holds for potential
production. Average attainable irrigated yield of intermediate-input
grain maize at the national level is 6.3 tons per hectare, ranging across
regions from 6.0 tons per hectare (Northwestern region] to 7.3 tons per
hectare (Eastern region).

Suitability of rain-fed maize is somewhat better when grown for silage
rather than for grain, but suitable extents and yields without irrigation
remain low (see Table 3.14). With irrigation, 2.6 million hectares out of
3.6 million hectares irrigated cropland were assessed as suitable with
an average attainable above-ground dry matter yield of 9.6 tons per
hectare and a range of average potential yields across regions of 8.3
(Northwestern region) to more than 12 tons per hectare (West-Central
and Southeastern region).




Table 3.15 presents an overview of climate change impacts on the
extents of cropland suitable for grain maize on current rain-fed land
and on cropland equipped for irrigation. Results refer to the ensemble
means of crop simulation outcomes using climate projections of five
climate models and for two RCPs, namely RCP4.5 and RCP8.5.

At the national level and in almost all regions, except Southwestern
region, the extents suitable for grain maize increase with climate
change by the 2050s. This trend continues to the 2080s. Only for the
Southwestern region the suitable area decreases somewhat with
progressing climate change. In contrast, for the ensemble mean of
results, the national average potential grain maize yield calculated
over all suitable cropland decreases slightly with climate change in the
2050s and by -2% to -7% in the 2080s, depending on climate scenario.

There are quite large differences between different regions in magnitude
and direction of changes of average attainable yields for grain maize.
While Central, West-Central and Southeastern regions experience
some increases of average grain maize yields, the opposite occurs in all
other regions, especially in the Northeastern region where, however,
the largest increase of suitable grain maize area occurs.

Table 3.15 Climate change impacts on suitable cropland and attainable yield for grain maize

Regions

Suitable
Area
(1000 ha)

% Change relative to 1981-2010

Attainable
Yield
(tons/ha)

% Change relative to 1981-2010




Table 3.16 Climate change impacts on suitable cropland and attainable yield for silage maize

% Change relative to 1981-2010 % Change relative to 1981-2010

Suitable Attainable
. Area Yield
Regions (1000 ha) (tons/ha)

TOTAL 3253.1 1.1 57 02 42 45 67 16 -6

*NE: Northeastern; NW=Northwestern; EA=Eastern; CE=Central; WC=West Central; WE=Western; SE=Southeastern; SW=Southwestern

Table 3.16 presents an overview of climate change impacts on attainable
yields and the extents of cropland suitable for silage maize. Results
refer to the ensemble means of crop simulation outcomes using climate
projections of five climate models and for two RCPs, namely RCP4.5
and RCP8.5.

For suitable areas, there are substantial increases projected mainly for
the Northeastern region (2050s: 8-9%; 2080s: 28-30%), Central region
(2050s: 12%; 2080s: 11-18%) and West-Central region (2050s: 10-11%;
2080s: 13%). Some reduction of suitable silage maize area may occur in
the Northwestern and Southwestern region.

Average attainable silage maize yield at the national level decreases in
the different scenarios by -2 to -5% in the 2050s and by -7% in the 2080s,
which in all scenarios is more than the net increases of suitable areas.
The largest yield decreases occur in the regions where suitable area
increases most, which indicates that the gained additional suitable area
will be less productive than the average of current suitable cropland.




When combining changes of suitable areas and average attainableyields,
increases of potential grain maize production relative to 1981-2010 (see
Table 3.17) are found in Central region (2050s: 31-36%; 2080s: 35-43%),
West-Central region (2050s: 19-21%; 2080s: 21-23%), Northeastern
region (2050s: 9%; 2080s: 10-12%) and Southeastern region (2050s:
9%; 2080s: 6-10%). Sizeable negative regional simulation outcomes for
grain maize potential occur only under RCP8.5 in the 2080s, namely
by for both the Northwestern (-11%) and Southwestern (-10%) region.
Overall, at the national level, minor net increases of the grain maize
potential were simulated in all scenarios in the range of 1-5%.

Table 3.17 summarizes also the changes in total net irrigation volumes
(million m®) required to achieve the potential grain maize production of
irrigated land. Irrigation demand of grain maize increases in several
regions quite substantially with climate change, which is the combined
outcome of multiple factors, including (i) changing suitability of maize
areas, (ii) changes in crop types selected as representative in a grid cell,
and (iii) changing crop calendars. In the simulations the total irrigation
water volume increases for grain maize at national level by 4-6%,
with slight decreases due to lost production potential in Western and
Southwestern region and much larger increases in the regions where
suitable extents expand due to warming, particularly in the Central,
West-Central and Southeastern region.

Table 3.17 Climate change impacts on grain maize production potential and net irrigation demand

Regions

Potential
Production
(1000 tons)

% Change relative to 1981-2010

Net
Irrigation
Volume
(million m3)

% Change relative to 1981-2010




Table 3.18 Climate change impacts on silage maize production potential and net irrigation demand

% Change relative to 1981-2010 % Change relative to 1981-2010

Potential Net
. Production Irrigation
Regions (1000 tons) (million m?)

TOTAL 24210 -3.4 -1.4 -1.8 -2.7 12109 -2.9 -1.4 0.4 -0.1

The general directions of climate changes impacts on potential silage
maize production are quite similar to the impacts found for grain
maize. Results are summarized in Table 3.18. At the national level
small negative changes of the potential production of silage maize are
projected in all scenarios. Increases of production will foremost occur
in Northeastern, Central and Eastern region. Substantial losses are
projected for Northwestern and Southeastern region.

Associated changes of net irrigation volumes, needed to achieve the
respective silage maize potential production, are small at aggregate
national level. Regional outcomes of irrigation demand vary greatly
across regions. They depend on crop calendar shifts and are affected
by changes in regional suitable area and potential production.
Large increases of ensemble mean potential irrigation demand for
silage maize can be expected in Central, West-Central, Eastern and
Southeastern region. Reductions of irrigation demand due to negative
climate change impacts on potential production were simulated mainly
for the Northwestern region and the Western region.
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Index of net irrigation water volume for grain maize
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Grain maize suitability index class of current cropland
Reference climate 1981-2010

Sk=85: Very high
T0=5k:35: High
55<5KT0: Medium
40555 Moderate
25=5k40: Marginal
10=5k25: Very marginal
0=Sk10: Mot suitable
Sl=0: Mot suitable

No cultivation

Water

Buitt-up

......

BN CEREOC0

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ- Figure 3.19a
Afghanistan system using climate projections of five climate models. Values shown for current cropland refer
to average suitably class.
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Potential grain maize production on current cropland (tons),
Reference climate 1981-2010

Source: Values shown for current cropland refer to potential maize production per 7.5 arc-seconds grid cell, i.e. Figure 3.20
about 5 hectares.



Water deficit (mm) during the grain maize growth cycle, Ensemble mean, RCP8.5,
Reference climate 1981-2010 2041-2070-2099
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Source: Simulations using historical climate of 1981-2010. Water deficits (mm) shown indicate for 7.5 arc-second grid cells Figure 3.21a Figure 3.21b, 3.20c
the net irrigation demand to fully meet water requirements for grain maize cultivation on current irrigated cropland.
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Length of the period with average daily temperature
above 10°C (days), Historical mean, period 1981-2010
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Source: Simulations using historical climate of 1981-2010. Values shown indicate the number of days with Figure 3.22a
average daily temperature Ta > 10°C.
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3.5 Climate change
Impacts on rice Rice harvested area, Period 1965-2020
suitability and

production
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Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021, Figure 3.23
Afghanistan Statistical Yearbook 2020 (NSIA, 2021).



Rice (Oryza sativa)

In general, paddy rice can be grown under a wide range of climatic
conditions, from temperate to hot tropical climates. Growth is optimal at
air temperatures between 24°C and 36°C. Standing water temperature
should exceed 18°C.

More specifically, japonica rice (with growth cycles of 105 to 195
days) and indica rice (with growth cycles of 105 to 150 days) belong
to the C3 crop group (C3 I} and are characterized with optimum
photosynthesis and growth at temperatures between 25°C and 30°C.
For both japonica rice and indica rice temperatures above 30°C lead
to lower photosynthesis and high temperatures, in particular for the
less heat tolerant japonica rice, above 35°C cause heat stress and when
occurring during reproductive phase may cause sterility. On the other
hand, indica rice is less cool temperature tolerant than japonica, which
can be transplanted at substantially lower temperatures, making it
more suitable in subtropical and temperate zones. Both rice types are
here assumed to be grown under irrigated conditions in bunded fields
with water-level control. Low rainfall/water supply, in particular during
flowering or at maturity, may adversely affect yields. Rice cultivation in
bunded fields involves large amounts of water, which renders it more
appropriate to grow in sub-humid and humid environments.

Table 3.19 presents suitability and potential production of Afghanistan’s
cropland (spatial distribution of cropland has been derived from LCDA
2010 land cover and amounts to about 7.3 million ha) when assessed
for producing paddy rice. According to agronomic criteria the largest
potentially suitable extents for rice exist in the Southwestern and
Western region, followed by Northeastern region. While rice has been
actually widely cultivated in the Northeastern region and to some extent
in the Western region, rice is hardly ever cultivated in the Southwestern
region where water is scarce, the climate allows year-round cultivation
and rice has to compete with alternative higher value options available
to farmers, e.g., such as fruits and melons. Comparing the simulated
land suitability and potential production of the period 1961-1990 and
the period 1981-2010, the results suggest a modest improvement (a
plus of 1-4%) in northern regions and central highlands.

Table 3.19 Suitability of paddy rice on rain-fed and irrigated cropland in 1981-2010, by region

Suitable area and potential production Suitable area and potential production
Irrigated

Rain-fed

Cropland

Regions Cropland

Area Production Yield Area Production Yield

TOTAL 3735 B 0 0 0 | 36002 15432 4290 3.09




Table 3.20 Climate change impacts on suitable cropland and attainable yield for paddy rice

Suitable

. Area
Regions (1000 ha)

TOTAL 1543.2

% Change relative to 1981-2010

Attainable
Yield
(tons/ha)

% Change relative to 1981-2010

Table 3.20 presents an overview of climate change impacts on the
extents of current cropland suitable for rice and lists changes of average
attainable potential rice yields. Results refer to the ensemble means
of crop simulation outcomes using climate projections of five climate
models and for two RCPs, namely RCP4.5 and RCP8.5.

At the national level the total extents suitable for rice change only
little with climate change by the 2050s, but show quite noticeable
positive and negative changes at the regional level. By the 2080s under
RCP8.5 a decrease of suitable areas by -10.6% is simulated, with
some gains in the Central, West-Central and Southeastern region and
considerable decreases in all other regions (see Table 3.20). A similar
but less pronounced result emerges for attainable rice yields, which
are projected to decrease in several regions. This can be explained by
less favorable temperature profile conditions, with heat stress in low-
lying areas in summer, a shift from japonica to indica rice types, and a
shortening of the crop cycle length. When heat avoiding crop calendar
shifts and/or substitution between rice types becomes exhausted,
selection and breeding for cultivars with increased tolerance to heat
stress during sensitive reproductive stages and tolerance to excess
heat units during the growth cycle may overcome part of the projected
yield decreases.




The combined impacts of suitable area and yield changes on potential
rice production are listed in Table 3.21. As presented there, the national
rice production capacity in the 2050s is projected to experience only
minor changes with climate change, however with quite large variations
across regions. There are substantial increases of rice production
potential simulated in Central, West-Central and Southeastern regions,
and decreases are obtained in all other regions, in particular for the
climate projected under RCP8.5 in the 2080s. By the 2050s the regional
gains and losses nearly balance at national level and as a result a
decrease of the rice production potential of -1.9%to -2.8% is obtained. In
the 2080s the different concentration pathways result in quite different
outcomes. Under RCP4.5 the decrease at national level remains small
(-1.8%); for RCP8.5 rapid warming causes a more severe decrease of
production potential of -13.8%. These results do not include possible
beneficial effects of increased future atmospheric CO, concentrations.

Net irrigation amounts (mm)], required to achieve the simulated rice
productionpotential,increasein Central, West-Centraland Southeastern
region. There are little changes in Northeastern and Northwestern
region, and decreases occur in Western and Southwestern region. At
national level average irrigation requirements decrease slightly due to

the changes in the distribution of suitable areas (Table 3.21).

Table 3.21 Climate change impacts on paddy rice production potential and net irrigation requirements

Regions

Potential
Production
(1000 tons)

% Change relative to 1981-2010

Net
Irrigation
(mm)

752

% Change relative to 1981-2010

-2.3

-4.0
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Paddy rice suitability index class of current cropland
Reference climate 1981-2010

Sk=85: Very high
T0=5k:35: High
55<5KT0: Medium
40555 Moderate
25=5k40: Marginal
10=5k25: Very marginal
0=Sk10: Mot suitable
Sl=0: Mot suitable

No cultivation

Water

Buitt-up

......

BN CEREOC0

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ- Figure 3.26a
Afghanistan system using climate projections of five climate models. Values refer to average suitably class per
7.5 arc-seconds grid cell of the resource inventory.



Ensemble mean, RCP8.5, Potential paddy rice production on current cropland (tons),
2041-2070-2099 reference climate 1981-2010

2041-2070

12.50
13.75
15.00+

2070-2099

Figure 3.26b, 3.26¢ Source: Simulations using historical climate of 1981-2010. Values shown for current irrigated cropland refer to potential rice Figure 3.27
production at intermediate input level per 7.5 arc-seconds grid cell, i.e. about 5 hectares.
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3.6 Overall
climate change
Impacts on cereal
suitability

In the previous sections the simulated crop-wise climate
change impacts have been listed for selected cereal crops at
the national and regional levels. For each crop a production
potential was estimated assuming all potentially suitable
cropland would be cultivated with the particular crop.
However, the agro-ecological benefit of land decreases with
suitability class, from very suitable (VS] to marginally suitable
(mS).

Here we go a step further. We jointly consider the cereal
crops available in NAEZ-Afghanistan (wheat, barley, maize,
rice, oat, rye, millet, sorghum and buckwheat) and we select
in each grid cell the best performing cereal crop (in terms of
production value) to represent the potential of a particular
grid cell. We then compute an indicator of suitable land
(Sl4), choosing class weights consistent with the definition of
suitability classes, according to:

Sl4 = grid-cell-area x (90 x VS + 70 xS + 50 x MS + 30 x mS) / 90

with values stretching over the interval from 0 to total size
of a grid cell and where VS, S, MS and mS are the shares
of area extents of different suitability classes in a 7.5 arc-
second grid cell. (VS: Very suitable; prime land offering best
conditions for economic crop production; S: Suitable; good
land for economic production; MS: Moderately suitable;
moderate land with substantial constraints. Economic
production requires high product prices for profitability; mS:
Marginally suitable; commercial production is not viable.
Land could be used for subsistence production when no
other land is available). In this way the Sl4 indicator of a grid
cell expresses its cropland area in terms of prime land (VS)
equivalent hectares. Results were separately calculated for
rain-fed and irrigated cropland.

Afghanistan's
AGRO-ECOLOGICAL ZONING ATLAS / Part 2: Agro-Ecological Assessments

Table 3.22 Climate change impacts on total suitable cropland for cereals (in SI4 equivalent ha)

Region

Sl4 units (1000 ha) Sl4 Index (1981-2010=100)

Northeastern

Eastern

West-central

Sl4 Index (1981-2010=100)

Southeastern
TOTAL 2 5b4 3373

Note: To account for different land qualities and suitability, the Sl4 indicator of a grid cell expresses the cropland area in terms of prime land equivalent
hectares. Estimates are without accounting for the possible positive impacts of CO2 fertilization.



Results shown in Table 3.22 denote potentially suitable area for cereals,
expressedinSl4equivalenthectares, onallcurrentrain-fedandirrigated
land (including land for fruit trees and vineyards), using an intermediate
level of inputs and management under baseline climate. Changes are
given for respectively RCP4.5 and RCP8.5 climate scenario ensemble
means in the 2080s (without including CO; fertilization effects). Results
of irrigated cereals on all land equipped with irrigation (3.8 million ha,
as derived from LCDA 2010 land cover) find a suitable area for cereals
of 3.2 million ha (or 2.6 million Sl4 equivalent ha). For rain-fed land (3.7
million ha according to LCDA] the suitable area, including marginally
suitable extents, amounts to 1.9 million ha (or 0.8 million Sl4 equivalent ha).

Figure 3.28 summarizes the normalized Sl4 index values (relative to
reference period 1981-2010 = 100) for respectively RCP4.5 and RCP8.5
climate scenario ensemble means in the 2050s and 2080s (without
including CO; fertilization effects).

At the national level, when considering jointly all cereal crops, the
analysis of total suitable areas finds moderate increasesin all scenarios,
with best outcomes occurring when climate change progresses in the
long term only moderately such as under RCP4.5.

The net gain is primarily achieved because of improvements on rain-
fed land, due to better use of soil moisture in the winter months and
gains of temperature growing period days at higher altitudes mainly
in the Northeastern region and central highlands. Under high-end
climate change scenarios the irrigated cropland in southern regions
experiences considerable losses.

Index of climate change impacts on suitable cropland for
cereals (SI4 prime equivalent ha, 1981-2010=100)

Historical RCP4.5 2050s = RCP8.5 2050s m RCP4.5 2080s B RCP8.5 2080s
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105

100

95

Index of Sl4 prime equiv. land for Cereals (1981-2010
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Southwestern TOTAL
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Figure 3.28



Suitability for cereals in current cropland, suitability
index class, Reference climate 1981-2010

Water
Buitt-up

BN ARCCCNN
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“ery marginal
Sl= 0 : Unsuitable
Mot suitable

Mo cultivation

Ensemble mean

Period 2041-2070-2099

2041-2070

2070-2099

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ-Afghanistan system using
climate projections of five climate models. Values shown for current cropland refer to average suitably class per 7.5 arc-seconds grid cell
of the resource inventory. Suitability of each grid cell is defined by the suitability of the chosen ‘best’ cereal type.
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Figure 3.29a

Figure 3.29a, 3.29c



Table 3.23 Changes in suitability of cereals on different classes of irrigated land, by region

However, as noted earlier, in reality not all areas classified as irrigated

will likely be available for cereal cultivation due to water deficits in the

‘Poorly irrigated’ land class (1.1 million ha of 3.8 million ha irrigated

land) and because perennial crops raised in orchards and vineyards .
occupy about 0.2 million hectares of irrigated land. At the national level Region
about 30% of irrigated land is classified as "Poorly irrigated’. Varying

across regions, these classes account for 11.5% (in Northeastern

region) to more than 50% (in Southeastern region). When excluding the v

‘Poorly irrigated’, ‘Orchards’ and Vineyards' land classes from irrigated

land, the area suitable for irrigated cereals reduces from 3.2 million to

2.0 million hectares (or from 2.6 million to 1.6 million Sl4 equivalent v
hectares). Table 3.23 lists the areas suitable for irrigated cereals in

various LCDA 2010 irrigated cropland classes differentiated in the ¥
resource inventory. Note, upon the advice of experts consulted at FAO-

Afghanistan, poorly irrigated areas listed in Table 3.23 were included v v
when estimating overall suitability presented in Table 3.22. 7 N N N7

Sl4 indicator for irrigated Cereals (1000 ha) Change of Sl4 suitable land, RCP8.5, 2050s

The results in Table 3.23 suggest that the total suitable area for cereals
in Afghanistan can be nearly maintained or even slightly increased in
scenarios of moderate climate change, such as RCP8.5 in the 2050s
or RCP4.5 in the 2080s. With rapid and intense warming, as projected
under RCP8.5 for the 2080s, substantial losses are expected to occur in
most regions. Safeguarding the cereal production potential will require
effective adaptation of crop calendars, changes of primary cereal crop
types where possible and necessary, and provision of adequate and
timely volumes of irrigation water. 7 7 7

Change of Sl4 suitable land, RCP4.5, 2080s Change of Sl4 suitable land, RCP8.5, 2080s
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€«
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3.7 Climate change
Impacts on cotton Cotton harvested area, Period 1965-2020
suitability and

production
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Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021, Figure 3.30
Afghanistan Statistical Yearbook 2020 (NSIA, 2021).



Cotton (Gossypium hirsutum)

Cotton (subtropical cultivars with growth cycles of 135 to 180 days] is an
annual crop belonging to the C3 crop group (C3 Il) which is characterized
with optimum photosynthesis and growth at temperatures between 25°C
and 30°C. Temperatures above 30°C cause a reduction of photosynthesis
and lead to gradually lower yields. Cotton however tolerates high

temperatures between 35°C to 40°C depending on moisture availability. Table 3.24 Suitability of cotton on rain-fed and irrigated cropland in 1981-2010, by region

Suitable area and potential production Suitable area and potential production
Irrigated

Cropland

Highertemperatures may cause heat stress and plantdamage leading to
lower yields. Cotton requires rainfall between 500 - 1200 mm during its
growth cycle. The rainfall should be distributed in accordance with crop
requirements. Relatively little rainfall is required at early phenological
stages while most rainfall is required during the reproductive phase.
Rainfall during maturation and harvest is harmful, moderate air Regions Cropland
humidity (<65%) during ripening is best.

Rain-fed

Area Production Yield Area Production Yield

TOTAL 37345 0.2 0.0 0.33 3600.2 1975.8 945.5 0.53

! Cotton is grown for commercial processing and land with only marginal suitability for cotton has not been included in the accounts shown in Table 3.24.

Table 3.24 presents suitability and potential production of Afghanistan’s
cropland when assessed for producing cotton. According to agronomic
criteria the largest potentially suitable extents for cotton exist in
the Southwestern, Western and Northwestern region, followed by
Northeastern region. This suitability distribution matches well with the
locations where cotton has actually been growing in the recent past.
Comparing the simulated land suitability and potential production of the
period 1961-1990 and the period 1981-2010, the results suggest some
improvement overall (a plus of 3%) and in most regions.




Table 3.25 Climate change impacts on suitable cropland and attainable yield for cotton

Regions

Suitable
Area
(1000 ha)

% Change relative to 1981-2010

Attainable
Yield (tons/
ha)

% Change relative to 1981-2010

Table 3.25 gives an overview of climate change impacts on the extents
suitable for cotton on current cropland. Results refer to the ensemble
means of crop simulation outcomes using climate projections of five
climate models and for two RCPs, namely RCP4.5 and RCP8.5.

At the national level the land extents suitable for cotton increase with
climate change by about 10% both for the 2050s and 2080s. At the
regional level the simulated suitable extents decrease with climate
change in Northwestern and Western region and increase to a varying
degree in all other regions. Substantial increases occur in Central and
Southeastern region, followed by West-Central and Northeastern region
(see Table 3.25).

Average attainable yield at national level changes little, but with large
variations across different regions, showing substantial gains in central
Afghanistan (albeit from low potential yields in the historical period) and
some reduction in Southwestern and Western region.




The combined impacts of suitable area and yield changes on potential
cotton production are listed in Table 3.26. As presented there, the
national cotton production capacity is projected to increase by 12% in
the 2050s compared to the historical level. By the 2080s the national
cotton production potential would still be larger than during 1981-2010
but lower than in the 2050s.

Very large increases were simulated for Central, West-Central and
Southeastern region, although starting from relatively low levels under
historical climate. In contrast, large negative impacts may occur in
Northeastern (-24%) and Southwestern (-14%) region for intense
climate change, as projected under RCP8.5 in the 2080s, where both
the suitable area and average attainable cotton yield decrease due to
warming.

Table 3.26 Climate change impacts on cotton production potential and net irrigation requirements

Regions

Potential
Production
(1000 tons)

% Change relative to 1981-2010

Net
Irrigation
(mm)

% Change relative to 1981-2010




Cotton production potential (1000 tons lint)
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Net Irrigation Demand of Cotton (mm)

1100

1000

900

800

700

600

500

400

300

200

Northeastern

Historical

Northwestern

RCP4.5 2050s

Eastern

Central

1 RCP4.5 2080s

West Central

Figure 3.32

m RCP8.5 2050s

Western

Southeastern

Average regional net irrigation water requirements
of cotton (mm)

M RCP8.5 2080s

Southwestern

TOTAL



Cotton suitability index class of current cropland
Reference climate 1981-2010

Y
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40555 Moderate
25=5k40: Marginal
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0=Sk10: Mot suitable
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No cultivation

Water
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of the resource inventory.

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ-Afghanistan Figure 3.33a
system using climate projections of five climate models. Values refer to average suitably class per 7.5 arc-seconds grid cell
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Figure 3.33b, 3.33c

Source: Simulations using historical climate of 1981-2010. Values refer to potential cotton lint production per 7.5 arc-seconds grid cell.

Figure 3.34
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Water deficit (mm) during the cotton growth cycle
Reference climate 1981-2010

Source: Simulations using historical climate of 1981-2010. Water deficits (mm) shown indicate for 7.5 arc-second grid Figure 3.35a
cells the net irrigation demand to fully meet water requirements for cotton cultivation on current irrigated cropland.



Ensemble mean, RCPS.5,
2041-2070-2099
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©FAOQ/Giulio Napolitano

Figure 3.35b, 3.35¢c
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3.8 Climate change
Impacts on potato Potato harvested area, Period 1965-2020
suitability and

production
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Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021, Figure 3.36
Afghanistan Statistical Yearbook 2020 (NSIA, 2021).



White potato (Solanum tuberosum)

White potato (with growth cycles: 90, 105, 120, 135, 150, 165 and 180
days) belongs to the C3 crop group (C3 1] which is characterized with
optimum photosynthesis and growth at temperatures between 15
and 20°C. Temperatures above 20°C lead to lower photosynthesis,
while temperatures above 27°C inhibit growth of tubers. High soil
temperatures at planting cause the seeds to rot and lead to poor
emergence. Low night-time temperatures (below 15°C) and generally
cool weather favor tuber formation. During its growth cycle white potato
requires 300 to 700 mm rainfall. Excessive rainfall causes diseases and
hampers mechanized harvest operations.

Table 3.27 presents suitability and potential production of Afghanistan’s
cropland when assessed for producing white potato. According to
agronomic criteria the largest potentially suitable extents for potato exist
in the Northeastern and West-Central region, followed by Southeastern
region. Note that only about 10% of the rain-fed suitable extents are
assessed as prime or moderately suitable. The vast majority of rain-
fed cropland with some suitability for potato is considered marginal
because of widespread water deficits and limitations for cultivation
due to soil characteristics imperfectly meeting the soil requirements of
potatoes. Applying the Sl index to summarize and express the results
in prime land equivalent hectares, indicates that only about 15% of all
suitable area occurs on rain-fed cropland. The share is highest in the
Northeastern region (about 50%)], followed by Northwestern region
(some 22%) and Western region (around 16%). In all other regions the
potential contribution from rain-fed land is 5% or less. Similarly, only
about 15% of Afghanistan’s potato production potential comes from
rain-fed cropland.

Table 3.27 Suitability of potato on rain-fed and irrigated cropland in 1981-2010, by region

Suitable area and potential production Suitable area and potential production
Irrigated

Rain-fed
Cropland

Regions Cropland

Area Production Yield Area Production Yield

TOTAL 3734.5 578.2 668 1.28 3600.2 952.9 3795 4.42




Table 3.28 Climate change impacts on suitable cropland and attainable yield for potato

0 H - 0 . B
Suitable % Change relative to 1981-2010 Attainable % Change relative to 1981-2010
Area Yield (tons/

Regions (1000 ha) ha)

TOTAL 1531.2

2Due to large uncertainties of rain-fed results especially in the Northwestern and Western region, the median of the crop simulation outcomes with the five climate model projections was used.

Table 3.28 gives an overview of climate change impacts on the extents of
cropland suitable for white potato. Results refer to the ensemble means?
of crop simulation outcomes using climate projections of five climate
models and for two RCPs, namely RCP4.5 and RCP8.5.

At the national level the extents suitable for potato change only little
for three of the four climate scenarios presented in Table 3.28, but
show quite noticeable positive and negative changes at the regional
level. Only for severe climate warming under RCP8.5 in the 2080s a
decrease of suitable areas by -10% is simulated. At the regional level
the warming produces most pronounced negative impacts for potato
suitable areas in the Northwestern, Eastern and Western region. For
Northeastern and Central region a small plus occurs in all scenarios.

Average attainable potato yield at national level changes only slightly,
with quite some variations across regions. Note that changes of regional
average attainable yields are affected by both the changes of location-
specific yields as well as changes in suitable areas. For instance,
average yield of a region may increase when climatic conditions improve
but also when some current less productive areas in a region become
unsuitable.




The combined impact of suitable area and yield changes on potential
potato production is somewhat negative at national level, with increases
in Northeastern and Southwestern region and varying losses in all
other regions, which are most pronounced in Northwestern, Western,
Southeastern and Eastern region (see Table 3.29]. As presented there,
the national potato production potential in the 2050s is projected to
experience moderate changes with climate change of -2% to -4%. In the
2080s the different concentration pathways result in more differentiated . . . . - . .
outcomes. Under RCP4.5 the decrease at national level remains small Table 3.29 Climate change impacts on potato production potential and net irrigation requirements
(-1%); for RCP8.5 rapid warming causes a more severe decrease of
production potential of -6%.

Potatoes do not tolerate very high temperatures and crop calendars will
have to be adjusted with warming. This shift of crop calendars towards
cooler periods and the changes in the distribution of suitable land Regions
combine to result in relatively small changes of net irrigation demand.

% Change relative to 1981-2010

% Change relative to 1981-2010

Potential Net

Production Irrigation
(1000 tons) (mm)

178 -3.6 -4.4 -1.0 7.4




Potential production of potato (1000 tons dry weight)
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Reference climate 1981-2010

Potato suitability index class of current cropland
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Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ-
Afghanistan system using climate projections of five climate models. Values shown for current cropland refer
to average suitably class per 7.5 arc-seconds grid cell of the resource inventory.

Figure 3.39a



Ensemble mean, RCP8.5, Potential potato production on current cropland (tons),
2041-2070-2099 reference climate 1981-2010

2041-2070

2070-2099 19.80

2200+

Figure 3.39b, 3.39c Source: Simulations using historical climate of 1981-2010. Values shown for current cropland refer to potential potato production Figure 3.40
at intermediate input level per 7.5 arc-seconds grid cell, i.e. about 5 hectares. Potential production is given as dry weight.
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3.9 Climate change
Impacts on citrus Citrus harvested area, Period 1965-2020
suitability and

production
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Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021; Figure 3.41
Afghanistan Statistical Yearbook 2020 (NSIA, 2021).



Citrus (Citrus spec.)

Citrus spp. are perennial fruit tree crops, mostly grown in tropical
and subtropical environments with temperatures of 15-35°C. Citrus
is sensitive to frost, varying with variety, tree age and health. Frost
sensitive types are lemon, lime and citron. Those may get defoliated
with temperatures below 4-5°C; flowers are killed by 2-3°C, and mature
fruits may be badly damaged at 2-3°C as well. Citrus tolerates high
temperatures provided the trees are well supplied with soil moisture.
Citrus is intolerant to high air humidity, except for mandarins tolerating
wetter conditions. Citrus grows in areas with annual rainfall >600mm,
but grows best in areas with annual rainfall of 1250 to 1850 mm. In arid
and semi-arid areas of Afghanistan adequate irrigation water supply is
required for maintaining sufficient soil moisture.

Citrus trees require a minimum of 60 cm of well-drained soil; loams
and sandy loams are preferred. Sandy soils require careful water
management due to low water-holding capacity and potential leaching
of nutrients. Wet clay soils and poor drainage or waterlogging may
cause collar and root rot leading to high tree mortality. Permissible soil
pH ranges are between 5.0 and 8.2 and optimum pH between 5.5 and
7.6. Furthermore, citrus is sensitive to soil salinity and sodicity.

Citrus belongs to the C3 crop group (C3 Il) consisting of tropical and
subtropical cultivars characterized with optimum photosynthesis
and growth at temperatures between 15°C and 30°C. Temperatures
above 30°C lead to lower photosynthesis and temperatures above 35°C
cause heat stress, both leading to lower yields. Citrus is well suited
for cultivation in the subtropical winter rainfall areas of Afghanistan
provided limited or no frost risk exists. Further, citrus is susceptible to
an array of diseases linked to climatic conditions and to prevalence of
insect pests.

©FAO0/Shah Marai
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Delineation of frost damage risk zones for citrus
Reference climate 1981-2010

B noiLow risk
1 Moderate risk
[ High rizk

[ 1 Mo cropland

Source: Simulations using historical climate of 1981-2010. The frost damage risk zones shown were delineated Figure 3.42a
using agro-climatic indicators generated with the NAEZ Afghanistan system (see FAO & lIASA, 2019).
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Table 3.30 Suitability of citrus on irrigated land in 1961-2010, by region

Suitable area and potential production Suitable area and potential production
Irrigated

Orchard &
Cropland

Regions Vineyard

Area Production Yield Area Production Yield

TOTAL 200.1 7.4 21.3 3.17 3,600.2 232.9 673 3.21

Table 3.30 presents citrus suitability and potential production of
Afghanistan’s (irrigated) land used for fruit trees and vineyards (an
area of about 200 thousand hectares) and irrigated cropland (about
3.6 million hectares). Comparing the simulated land suitability and
potential production of citrus for the period 1961-1990 and the period
1981-2010, the results suggest some improvement of citrus production
potential mainly in northern regions and the Southwestern region.

As shown, the citrus production potential for historical climate is mainly
found in the Eastern and Southwestern region, as is also indicated by
the distribution of zones with No/low frost damage risk in Figure 3.42a.




Table 3.31 presents by RCP an overview of climate change impacts on
the extents suitable for citrus on current irrigated land. Results are
shown for eight major regions of Afghanistan and refer to the ensemble
means of crop simulation outcomes using climate projections of five
climate models and for two RCPs, namely RCP4.5 and RCP8.5.

As presented, the national citrus suitable area (Table 3.31) and
production potential (Table 3.32) in the 2050s is projected to increase
substantially both for the land with fruit trees and vineyards as well as
for current irrigated cropland. This trend is driven by warming and can
be expected to continue to the 2080s. In the simulations the highest
level of citrus production potential was obtained for RCP8.5 in the
2080s. The explanation in this case is simply the gradual expansion of
the area with no or very minor frost risk, as can be seen in Figure 3.42
showing zones of no or low risk for citrus frost damage under historical
and future climate.

Table 3.31 Climate change impacts on suitable cropland for citrus

Suitability in land with Fruit Trees and Vineyards

Suitable Suitable Area, Ensemble Mean (1000 ha)

Suitable
. Area Area
Regions (1000 ha) (1000 ha)

TOTAL 203 320 317 534 232.9

Suitability in Irrigated Cropland

Suitable Area, Ensemble Mean (1000 ha)

423.4

581.5

553.1

655.6




Table 3.32 presents for irrigated land with fruit trees and vineyards (an
area of about 0.2 million hectares) and for irrigated croplands (about 3.6
million hectares] the estimated citrus production potential for historical
climate and for an ensemble mean of projected future climate.

The results suggest that citrus production potential will increase
significantly with warming, as much as threefold for RCP 8.5 in the
2080s. Increases will occur in all regions but are most important

Table 3.32 Climate change impacts on citrus production potential in West-Central, Southeastern and Central region [see Figure 3.43
irrigated land with fruit trees and vineyards and Figure 3.44 for irrigated
croplands).

Land with Fruit Trees and Vineyards Land with Fruit Trees and Vineyards
- -
Potential Potential
. Production Production
Regions (1000 tons) (1000 tons)

TOTAL 565 916 895 1554 1203 1681 1582 1918




Potential production of citrus on land for fruit trees and
vineyards (1000 tons dry weight)
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Potential production of citrus on irrigated cropland
(1000 tons dry weight)
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Citrus suitability index class of current cropland Ensemble mean, RCP8.5,
Reference climate 1981-2010 2041-2070-2099

2041-2070

2070-2099

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ-Afghanistan system using climate projections Figure 3.45a Figure 3.45bh, 3.45¢
of five climate models. Values shown for current cropland refer to average suitably class per 7.5 arc-seconds grid cell of the resource inventory.
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Potential citrus production on current cropland (tons dry weight)
Reference climate 1981-2010

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ- Figure 3.46a
Afghanistan system using climate projections of five climate models. Values shown for current cropland refer
to potential citrus production (dry weight) per 7.5 arc-seconds grid cell.



Ensemble mean, RCPS.5,
2041-2070-2099

2041-2070

2070-2099

©FAQ/Giulio Napolitano

Figure 3.46b, 3.46¢
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3.10 Summary of
climate change
Impacts on crop
production
potentials

Table 3.33 Climate change impacts on crops for current rain-fed and irrigated cropland, Afghanistan Region

Wheat 4270 11086

Maize, grain 2782 15 060

Rice, paddy 1543 4 290

3746 5118

Millet 2740 5701

Chickpea

Sugar beet

Groundnut 1337 1665

Sesame 2298 3285

Sunflower 2239 4013

Mustard

Flax 2881 1057

Citrus

Cabbage 1704 3007

Tomato 1522 3823

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.",1), 20%-50% (M) and more
than 50% (N, AN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS) and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.34 Climate change impacts on crops for current rain-fed and irrigated cropland, Northeastern Region

Wheat 1623

Maize, grain 1856

Rice, paddy

Millet

Chickpea

Potato

Sugar beet

Groundnut

Sesame

Sunflower

Mustard

Flax

Citrus

Cabbage

Tomato

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.,"), 20%-50% (¥, and more
than 50% (NAb,AMN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS] and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.35 Climate change impacts on crops for current rain-fed and irrigated cropland, Northwestern Region

Wheat 1665

Maize, grain 2878

Rice, paddy

Millet

Chickpea

Potato

Sugar beet

Groundnut

Sesame

Sunflower

Mustard

Flax

Citrus

Cabbage

Tomato

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.",1), 20%-50% (M) and more
than 50% (N, AN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS) and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.36 Climate change impacts on crops for current rain-fed and irrigated cropland, Central Region

Wheat

Maize, grain

Rice, paddy

Millet

Chickpea

Potato

Sugar beet

Groundnut

Sesame

Sunflower

Mustard

Flax

Citrus

Cabbage

Tomato

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.,"), 20%-50% (¥, and more
than 50% (NAb,AMN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS] and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.37 Climate change impacts on crops for current rain-fed and irrigated cropland, West-Central Region

Wheat 1213

Maize, grain 1299

Rice, paddy

Millet

Chickpea

Potato

Sugar beet

Groundnut

Sesame

Sunflower

Mustard

Flax

Citrus

Cabbage

Tomato

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.",1), 20%-50% (M) and more
than 50% (N, AN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS) and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.38 Climate change impacts on crops for current rain-fed and irrigated cropland, Western Region

Wheat 1758

Maize, grain 2299

Rice, paddy

Millet

Chickpea

Potato

Sugar beet

Groundnut

Sesame

Sunflower

Mustard

Flax

Citrus

Cabbage

Tomato

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.,"), 20%-50% (¥, and more
than 50% (NAb,AMN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS] and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.39 Climate change impacts on crops for current rain-fed and irrigated cropland, Eastern Region

Wheat

Maize, grain

Rice, paddy

Millet

Chickpea

Potato

Sugar beet

Groundnut

Sesame

!!
€«
€ K3l €

0
7
€

Sunflower

Mustard

3
~
>
>
>
>

Flax

Citrus

Cabbage

Tomato

(-!

(—

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.",1), 20%-50% (M) and more
than 50% (N, AN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS) and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.40 Climate change impacts on crops for current rain-fed and irrigated cropland, Southeastern Region

Wheat 1178

Maize, grain 1389

Rice, paddy

Millet

Chickpea

Potato

Sugar beet

Groundnut

Sesame

Sunflower

Mustard

Flax

Citrus

Cabbage

Tomato

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.,"), 20%-50% (¥, and more
than 50% (NAb,AMN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS] and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.




Table 3.41 Climate change impacts on crops on current rain-fed and irrigated cropland, Southwestern Region

Wheat 2218

Maize, grain 3766

Rice, paddy 1207

Millet 1104

Chickpea

Potato

Sugar beet

Groundnut

Sesame

Sunflower

Mustard

Flax

Citrus

Cabbage

Tomato

Note: Arrows show results without CO, fertilization effects and indicate changes of less than 3% (€=»), 3%-20% (.",1), 20%-50% (M) and more
than 50% (N, AN compared to baseline conditions. Suitable areas include prime (VS), good (S), moderate (MS) and marginal (mS) extents on rain-fed
cropland and prime, good and moderate extents on irrigated cropland. Potential refers to maximum possible production on all suitable cropland. Potential
production is given as dry weight of harvested product except for sugar crops (1000 tons sugar), cotton (1000 tons lint) and olive (1000 tons oil). For cotton,
citrus, rice and sugarcane the marginally suitable extents were not included.
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" Livestock Unit (LSU) is a reference unit which facilitates the aggregation of livestock from various animal cohorts and species, via the use of specific

[ coefficients, established initially on the basis of feed requirements of each species and category. The reference unit used for the calculation of livestock units
3 1 1 CI I m ate (=1 LSU) is the grazing equivalent of one adult dairy cow producing 3000 kg of milk annually, fed without additional concentrated foodstuffs.

change impacts Livestock numbers (1000 LSU), period 1980-2019

8,000

7,000

Livestock Units (1000 LSU)
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production

on rangeland
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Source: FAOSTAT (available at http://www.fao.org/faostat/en/#data/QC), download on 5 May 2021. Note: Figure 3.47
Coefficients for conversion from livestock type to LSU: cattle 0.7, sheep 0.1, goats, 0.1, horses 0.4, asses 0.5,
mules 0.6, camels 0.75.



Rangeland species

AEZ assumes a mixture of different annual and perennial pasture
grasses and pasture legumes adapted to cool and warm temperatures.
In each environment/ecology the best adapted pasture type (in terms
of expected biomass production] is selected for suitability assessment
and above-ground consumable biomass estimation.

Table 3.42 Land suitable for grazing in current rangeland

The simulated pasture species in AEZ cover a wide spectrum of
temperatures conducive togrowth of cryophilic pasture speciesincluding

legumes (C3 1), thermophilic grass species and pasture legumes - )

(C3 11}, and pasture grasses adapted to warm and hot temperatures Classified as Rangeland (1000 ha) Suitable Area (1000 ha)

(C4 1) or adapted to cool and moderately cool temperatures (C4 I1).

Rainfed productivity depends on the period during the year when both Regions TOTAL  <1000m 1000- 2000- >3000m TOTAL  <1000m 1000- 2000- >3000m

soil moisture and temperature regimes are suitable for growth and
development of particular pasture species.

2000m  3000m 2000m  3000m

This broad range of pasture species also covers a wide span of
adaptability to different soil limitations including soil salinity and
sodicity.

Table 3.42 shows the distribution of rangeland and the respective suitable
areas for grazing (of at least marginal suitability) across regions and
broad altitude ranges. It indicates that about 10% of the LCDA rangeland
class is located below 1000 m, 24% at an altitude of 1000-2000 m, 41% at
2000- 3000m, and the remaining 25% are found above 3000 m.

TOTAL 30 244 2863 7289 12 458 7 633 24148 2632 6367 9985 5164

Also shown are the extents assessed as suitable for grasses and pasture
legumes (assuming rain-fed at low inputs and management), amounting
to 24.1 million hectares. Among the 34 provinces of Afghanistan, in five
provinces rangeland accounts for more than 80% of land cover: Ghor (89%),
Bamyan (86%], Panjsher (86%), Daykundi (84%) and Wardak (82%). Eight
of 34 provinces contribute more than half (51%) of all rangeland (Ghor,
Badakhshan, Herat, Kandahar, Ghazni, Bamyan, Badghis and Daykundi).

The land suitable for rain-fed low input pasture shown in Table 3.42
was assessed for the historical climate of 1981-2010 and was taken to
be all rangeland except for very steep terrain and land with unsuitable
miscellaneous soil units (e.g., rock outcrops). Note, the share of
rangeland judged as not suitable due to soil and steep terrain limitations
increases with altitude. It is 9% for rangeland below 1000 m, nearly 20%
for the rangeland at 2000-3000 m, and amounts to one third for the
rangeland in mountainous areas above 3000 m.




Spatial distribution of land by altitude

Bl -co0m
- S00-1000 m
1 1000-1500 m
[ 1500-2000 m
B z000-2500 m
B 2500-3000 m
I 2000-3500 m
[ 3500-4500 m
|:| = 4500 m

Source: Altitude zones were delineated based on SRTM data at 1 arc-second (about 30m) resolution. Figure 3.48




Table 3.43 provides estimates of potential biomass production and yield
of the areas classified in LCDA as rangeland, simulated under rain-fed
conditions and low input assumptions for average climate of period
1981-2010.

As shown, average attainable rain-fed pasture yields generally decrease
with altitude, at national level from average 2.4 tons dry matter (DM)
per hectare for rangeland located below 1000 m to only 0.2 tons DM per
hectare for rangeland above 3000 m. Such relationship, which is caused
by decreasing length of the vegetation period with altitude and lower
intensity of plant photosynthesis due to temperature, is found for all
regions, but absolute values can vary across regions due to differences
in precipitation received.

Under the assumption of rain-fed low input conditions, the potential
production of all suitable rangeland in Afghanistan for historical
climate of 1981-2010 is estimated in AEZ at 19.2 million tons DM. For
comparison, assuming a feed requirement per livestock unit (LSU) of
12.5 kg DM per day and a fodder utilization rate of 50% suggests that
the rangeland could support 2.1 million LSU, equivalent to about one-
third of the national livestock herd.

Table 3.43 Potential biomass production and yield of current rangeland, reference climate 1981-2010

Potential biomass production (1000 tons DM) Average potential yield (tons DM/ha)

Regions TOTAL <fgoom 1000-  2000- 0500 B toTAL  <t000m 1000-  2000- 5h00m

2000m  3000m 2000m  3000m

TOTAL 19 153 4213 7760 5951 1228

Table 3.43 provides estimates of potential biomass production and yield of the areas classified in LCDA as rangeland, simulated under rain-fed conditions and low input assumptions for average
climate of period 1981-2010.




Potential pasture production on current rangeland
(tons dry weight) Reference climate 1981-2010

0.00
1.00
2.00
3.00
4.00
3.00
6.00
T.00
&.00
5.00
10.00
11.00
12.00+

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the Figure 3.48a
NAEZ-Afghanistan system using climate projections of five climate models. Values shown for current

rangeland refer to potential pasture production (dry weight) per 7.5 arc-seconds grid cell (i.e., about 5

hectares).




Ensemble mean,
RCPS8.5, 2041-2070-2099
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Figure 3.48b, 3.48c
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Change of potential pasture production on current rangeland
(tons dry weight), Ensemble mean, RCP4.5, 2070-2099 relative
to historical climate of 1981-2010

T

<-5.00
-4.17
-3.33
-2.50
-1.87
-0.83
0.00
0.83
1.67
2.50
3.33
417
2.00+

Source: Simulations using historical climate of 1981-2010 and ensemble mean of simulations with the Figure 3.49a
NAEZ-Afghanistan system using climate projections of five climate models. Values shown for current

rangeland refer to the difference of potential pasture production (dry weight) per 7.5 arc-seconds grid

cell relative to the potential in period 1981-2010.



Ensemble mean,
RCP8.5, 2041-2070-2099
relative to historical climate

Table 3.44 Climate change impacts on potential pasture production relative to period 1981-2010

Change of Potential biomass production Change of Average potential yield

1000- 2000- 1000- 2000-

Regions TOTAL  <1000m 2000m  3000m >3000m TOTAL <1000m 2000m  3000m >3000m

(2
v [\ \/
v 7 7 7 7 7
2041-2070 v v v
N7 \ 7 N7

2 \Z \Z

Table 3.44 provides estimates of potential biomass production and yield of the areas classified in LCDA as rangeland, simulated under rain-fed conditions and low input assumptions for average
climate of period 1981-2010.

7

2070-2099

Figure 3.49b, 3.49c




Number of growing period days on rangeland (days),
Reference climate 1981-2010

<0
20
40
60
a0
100
120
140
160
180
200
220
240+

Source: Simulations for historical climate of 1981-2010 with NAEZ-Afghanistan. Figure 3.50



Note, the spatial pattern of LGP changes portrayed in Figure
3.51 matches well the respective patterns of changes in
potential rangeland biomass production provided in Figure
3.49. Hence, the future growing period dynamics observed in

Change in number of growing period days (days)' the AEZ simulations are an important indicator for explaining

future rangeland productivity. In addition, the intensity of

- biomass accumulation (i.e., rate of photosynthesis) can

Ensemble mean, RCP8-5, 2041 _2070_2099 TEIatlve be described by an inverted U-shaped function of average

- - - 2 temperature. At locations with low average temperature

h I I f — under historical climate, e.g., rangelands at high altitude,

to IStorlca c Imate o 1 981 01 0 warming will result in an increased rate of photosynthesis.

At locations with an average temperature beyond the optimal

level for different pasture species (e.g., in hot lowland areas])

the intensity of plant photosynthesis will decrease with
further warming.

Both, the increased flexibility of finding periods during the
year with adequate temperature and moisture conditions
for pasture species, facilitated by fewer freezing days
under future climate, as well as likely increased intensity
of photosynthesis contribute to the beneficial outcomes for
rangelands especially in the Northeastern region, for areas
above 1000-1500 m in northern Afghanistan and for pastures
above 2000 m in southern and eastern parts of the country.

2041-2070

=-40
-33
27
=20
-13
-7
0

7
13
20
27
33
40+

2070-2099

Source: Simulations of historical climate of 1981-2010 and ensemble mean of simulations with the NAEZ-Afghanistan system using Figure 3.51a, 3.51b
climate projections of five climate models. Values shown for current rangeland refer to the difference of the number of reference
growing period days relative to LGP days in period 1981-2010.
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4. Conclusions

Agro-ecology

The NAEZ-Afghanistan system has been implemented in this project and
used to assess potential crop production on current rain-fed and irrigated
cropland for more than 30 annual and perennial crops. Climate change
impacts were evaluated on the basis of climate projections obtained
from five global climate models and for two representative concentration
pathways, RCP4.5 and RCP8.5 to assess likely spatial shifts of agro-
climatic characteristics of land due to projected climate change in the
period 2041-2070 (the 2050s]) and 2070-2099 (the 2080s). The analysis
indicates that climate change will impact agriculture in all regions,
requiring shifts of crop calendars, the use of adapted cultivars, and in
some areas adjustment of the primary crops to mitigate heat stress and
exploit emerging opportunities.

* Year-round climatic conditions in Afghanistan will become warmer and
mostly dryer in the future. Due to the shortening of cold breaks and
where natural soil moisture limitations can be overcome with irrigation,
the multiple cropping potential of the land is expected to increase with
climate change in the currently temperature-limited Northeastern and
Central region.

Climate change will create new limitations and increased risks for
cropping in some areas (mainly southern low-lying areas) and provide

new openings for farmers in other parts of the territory. Success will
depend on timely preparedness to mitigate damages and to benefit
from new opportunities.

Climate change will result in higher seasonal and annual temperatures
everywhere in Afghanistan. Precipitation changes are somewhat
less uniform, remaining approximately at historical levels or even
decreasing slightly, which results in a deteriorating annual balance of
precipitation to potential evapotranspiration. The combined impact of
these changes on a farmer’s field can range from severely negative
to fairly positive depending on the climate point of departure, i.e.,
altitude, prevailing temperature and rainfall in the historical period, the
availability or possible development of reliable irrigation, as well as soil
and terrain conditions.

Rain-fed and irrigated cropland

e Impacts of climate change on crop suitability and yields vary between
C3 and C4 crops, between annual crops and perennials, and between
individual crop-specific tolerances for high temperatures and moisture
stress as well as climate related agro-climatic constraints. C3
crops are generally less heat tolerant than C4 crops but can benefit
substantially more from CO, fertilization. Perennial crops (and grasses)
are dependent on favorable temperature and rainfall distributions, or




irrigation, throughout the year. This is in contrast to annual crops,
which may allow crop calendar shifts and cultivar changes to optimize
growth cycle temperature and soil moisture conditions.

Winter grain crops, mostly wheat and barley, will continue to be the
backbone of national food security in Afghanistan. At the national
level, the potential production of winter grain crops appears to be
stable or may initially even increase with climate change, regardless
of accounting for enhanced photosynthesis due to increased
atmospheric CO, concentration.

Growing conditions for winter crops will be enhanced in some
important growing areas, notably in northern and central regions, but
higher temperatures will likely cause lower yields in the low-lying
southern and eastern regions.

Warming will shorten or eliminate the dormancy period in winter
(taken to be the period when average daily temperature is below 5°C).
This will alter the crop calendar of winter and spring crops and shift
the crop growth cycle to the part of the year when better soil moisture
conditions prevail, as is typically the case in winter rainfall areas.

Simulations indicate that growing conditions of winter crops will likely
improve mainly due to reducing the length of dormancy periods and
associated shifts of crop calendars, which will give access to more
growing period days and better soil moisture conditions in winter
rainfall areas. For irrigated winter crops the changed crop calendars
result in a reduction of net irrigation requirements.

Warming is seen as an opportunity especially in the provinces of the
Northeastern, Central and West-Central regions where cold and cool
temperatures have been limiting the number of days in a year suitable
for cropping. In contrast, in low-lying southern parts of the country
high growing period temperatures in the future may negatively affect
the crop production potential, even under irrigation conditions.

For summer crops, especially in regions where projected production
potentials increase, the simulations find increases in irrigation
demand, both in terms of average demand per unit of suitable area
and in terms of total irrigation water volume required to attain the
potential production in the regions where suitable areas expand due
to warming.

At the national level the analysis of total suitable areas, when adding
up over all suitability classes and jointly considering all cereal crops,
finds moderate increases in all scenarios, with best outcomes when
climate change progresses in the long term only moderately, e.g. as in
RCP4.5. The net gain is primarily achieved because of improvements
on rain-fed land, due to better use of soil moisture in the winter
months and gains of temperature growing period days at higher
altitudes mainly in the Northeastern region and central highlands.
Under high-end climate change scenarios the mostly irrigated
cropland in southern regions experiences considerable losses.

Results suggest that the total suitable area for cereals in Afghanistan
can be nearly maintained or even increased in scenarios of moderate
climate change, such as RCP8.5 in the 2050s or RCP4.5 in the
2080s. With rapid and intense warming, as projected under RCP8.5
for the 2080s, some losses are expected to occur in most regions.
Safeguarding the cereal production potential will require effective
adaptation of crop calendars, changes of primary cereal crop types
where possible and necessary, and provision of adequate and timely
volumes of irrigation water.

Available data put actually irrigated land at about 2.2 million
hectares, i.e., only some 60% of land classified as irrigated land in
the land cover database LCDA 2010. For rain-fed cultivation in the
last decades the cropped rain-fed area has been between 1.3-1.5
million hectares, which represents 35-40% of the land classified as
rain-fed cropland. These factors should be taken into account when
interpreting the potential production estimates elaborated in this
study, to avoid overly optimistic conclusions especially for irrigated
land where it is assumed that crop water demand can be fully met
from irrigation when required.

There may be uncertain and unreliable water supply in 1.1 million
hectares of ‘Poorly irrigated’ cropland. For these areas the irrigated
production potential was quantified and included in the national
estimates (according to advice given by experts consulted on this
question by FAO-Afghanistan).

Soil moisture conditions throughout the year, besides temperature
the second pillar of crop cultivation, will be negatively affected by
climate change in most regions, including the large Northwestern
and Western regions where 60-70% of the cropland is cultivated
with rain-fed practices. Rising temperatures and stable or declining
precipitation will cause a growing water deficit of ‘green” water in
the annual soil water balance. It may also imply reduced runoff and
negative impacts on water resources with unfavorable consequences
for the availability of adequate and reliable irrigation. Note, despite
of negative impacts on year-round soil moisture balance, seasonal
results for rain-fed winter crops can stillimprove due to crop calendar
shifts.

The results presented in this report do not consider the possible
beneficial effects of increased future atmospheric CO, concentrations.
This was adopted for three reasons: (i) to focus on and reveal the
direct impacts of changes in climatic variables; (ii] to avoid too
optimistic and uncertain estimates; and [(iii) to account for the fact
that the magnitude of actual impacts in farmer’s fields will also
depend on the presence/absence of other environmental limiting
factors (e.g., climate, soil, water, nutrients) and is in the scientific
literature regarded as quite uncertain.

Rangeland

Rangeland is the most widespread land cover class in Afghanistan
covering 30.2 million hectares, i.e., as much as 47% of the territory.
Most rangeland is of only low productivity due to insufficient rainfall,
recurrent droughts and occurrence at high altitudes.

Onbalance, atthe national level the production potential of rangelands
appears stable or may slightly improve with climate change, yet with
large differences across regions and at different altitudes. Positive
changes are most likely to occur in Northeastern, Northwestern and
Western region and frequently for altitudes above 2000 m. Most low-
lying areas below 1000 m, hence much of Southwestern, Southeastern
and Eastern region, are expected to experience a decline of rangeland
productivity. Rangelands in West-central and Central region are
severely water limited and the production potential changes little
despite of warming at high altitudes.

The spatially distinct impacts of climate change on rangeland
productivity may significantly affect the complex traditional migration
patterns of nomadic pastoralists. On one hand, due to warming
additional areas will in the future be able to host winter grazing;
on the other hand, pasture productivity at low altitudes will likely
decrease. Pastures at higher altitudes will become more accessible
and for a longer period of time during the year, but may suffer from
extended dry periods in summer.

Limitations

The results presented in this report have assessed the impacts and
outcomes of projected gradual changes in climate. The possible
increase of the occurrence of extreme weather events, such as more
frequent years of drought, extreme precipitation events, or late frosts,
could not be evaluated in the NAEZ simulations because information
available from current global earth system models and regional
climate models cannot provide reliable estimates of future climate
variability.

The NAEZ analysis in this study has assessed crop suitability and
production potential for changing climatic conditions but did not
quantify climate change impacts on water resources and water
availability for agriculture. The annual and seasonal water balance is
expected to deteriorate in the regions of Afghanistan as indicated by
falling annual P/ET, ratios. The hydrographs will also be affected by
the retreating of glaciers and the changes in snow cover and melting.
These changes may increase water scarcity in drought-prone areas
and irrigation water will likely be in short supply in some areas under
rapidly evolving climate change.
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1.
Appendix

Overview of the NAEZ-Afghanistan System

Introduction

The quality and availability of land and water resources, in combination with
socio-economic conditions and institutional factors, are essential to assure
sustainable food security. In order to optimize the wise use of the land and
water resources it isimportant to determine their agronomic potential. The
crop cultivation potential describes the possible upper limit of producing
different crops under given agro-climatic, soil and terrain conditions for
specific levels of agricultural inputs and management conditions.

The Agro-Ecological Zones [(AEZ) approach determines for each
location the cultivation potentials for about 50 crops, modelled by more
than 300 generic production systems, and is based on the fundamental
principles of land evaluation (e.g., FAO, 1976, 1993, 2007). These
generic production systems used in the analysis are referred to as Land
Utilization Types (LUT). The AEZ concept was originally developed by the
Food and Agriculture organization of the United Nations (FAQO) and over
time, the International Institute for Applied System Analysis (IIASA) and
FAO have together further developed and applied the AEZ methodology
and the supporting databases and computer programs.

The national agro-ecological zoning system for Afghanistan (NAEZ-
Afghanistan) includes 2010 baseline data of land cover, soil type and terrain;
and climatic conditions for a time series of historical data and a selection
of future climate simulations using IPCC AR5 Earth System Model (ESM]
outputs for four Representative Concentration Pathways (RCPs).

Climatic data comprises precipitation, temperature, wind speed, sunshine
duration and relative humidity. These parameters are used to compile
an agronomically meaningful climate resources inventory including
quantified thermal and moisture regimes in space and time. The land
resources database has been assembled on the basis of national data and
global grids, with a resolution of 7.5 arc-seconds (about 0.21 km by 0.21
km at latitude of central Afghanistan) for land cover, soil and terrain data
and 30 arc-seconds (about 0.85 km by 0.85 km) for climate attributes.

Matching procedures to identify crop-specific limitations of prevailing
climate, soil and terrain resources and evaluation with simple and
robust crop models, under assumed levels of inputs and management
conditions, provide maximum potential and attainable crop yields for
basic land resources units. Attributes specific to each LUT include crop
information suchascrop parameters (crop growth cycle duration, harvest
index, maximum leaf area index, maximum rate of photosynthesis,
etc.), cultivation practices and input requirements, and utilization of
main produce, crop residues and by-products. NAEZ-Afghanistan has
generated large spatial databases of (i) natural resources endowments
relevant for agricultural uses, and (ii] assessments of suitability and
attainable yields of main food and fiber commodities for rain-fed and
irrigated cultivated land areas.

Structure and overview of NAEZ procedures

The suitability of land for the cultivation of a given crop/LUT depends on
specific crop requirements as compared to the prevailing agro-climatic
and agro-edaphic conditions at a location. AEZ combines these two
components systematically by successively modifying grid-cell specific
agro-climatic potential yields according to assessed soil limitations and
terrain constraints (Fischer et al., 2021). This structure allows stepwise
review of results. An overview of the overall model structure and data

integration used in NAEZ-Afghanistan is shown in Figure A1.1.
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Calculation procedures for establishing crop suitability estimates include
five main steps of data processing, namely:

(i) Module I: Climate data analysis and compilation of general
agro-climatic indicators for historical, baseline and future
climates.

(ii) Module II: Crop-specific agro-climatic assessment and water-
limited biomass/yield calculation.

(iii) Module IlI: Yield-reductions due to the impacts of agro-
climatic risks and constraints of workability, pests and diseases.

(iv) Module IV: Crop specific edaphic assessment and yield reductions
due to soil and terrain limitations.

(v) Module V: Integration of results from Modules I-IV into crop-
specific grid-cell databases. These are used to map by crop, input
level and time period the agro-ecological suitability and attainable
yields and production.

In addition to estimating crop potentials, i.e., sequential execution of
Module | to Module V, the national AEZ applications collect agro-economic
information on crop prices, input use and crop-wise production costs to
produce estimates of economic suitability and comparative advantage of
major crops, evaluated in each grid cell at simulated attainable yields:

(vi) Module VI: Quantification of production cost and value of output
for attainable crop yields, examination of economic suitability
and comparison of major crops by expected net revenue.

Module I: Agro-climatic data analysis

The main purpose of Module | isthe compilation of a geo-referenced climatic
resources inventory offering a variety of relevant agro-climatic indicators.
These agro-climatic indicators provide a general characterization of land
resources and suitability for agricultural uses. Several agro-climatic layers
are used as input during the estimation of crop yields and production in
Module Il, quantification of agro-climatic constraints in Module IIl, and for
estimating agro-ecological suitability and attainable yields in Module V.

NAEZ-Afghanistan makes use in the water balance calculations of daily
input data for temperature and precipitation and of monthly data for other
required climate attributes. The use of observed daily data improves the
capability of AEZ to represent extreme weather events such as occurrence
of frost days, heat waves and periods of excessive or no rainfall. For future
years, daily precipitation and temperature are derived from daily outputs
of five major ESMs and for four different RCPs (alternative representative
greenhouse gas concentration pathways).

NAEZ-Afghanistan includes the compilation of three 30-year historical
reference periods, namely the period 1961-1990, the period 1971-2000
and 1981-2010. In addition to simulations for these three reference
periods, annual time series results of agro-climatic indicators were
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computed for fifty years, from 1961 to 2010. For projections of future
climate, the analysis considers three future reference periods: years
2011-2040, 2041-2070 and 2070-2099, referred to respectively as the
'2020s’, the '2050s" and "2080s’. Year-by-year simulations and time series
analysis with NAEZ Module | were performed for 1960 to 2099, providing
in addition to period averages also information on the distribution and
variability of agro-climatic indicators within each 30-year period.

The results of Module | are used to generate tabulations by administrative
or watershed territorial units and a variety of GIS raster maps of the agro-
climatic analysis results for visualization and download.

Module II: Biomass and yield calculation

The main purpose of Module Il is the estimation of agro-climatic potential
biomass and yield for a wide range of LUTs under different input/
management assumptions and separately for rain-fed and irrigated
conditions. Biomass and yield calculations and the procedures used
for the computation of daily crop water balances are based on the eco-
physiological model developed by various FAQ technical reports (Allen et
al., 1998; Doorenbos and Kassam, 1979; Kassam, 1977; Smith, 1992).

Module Il consists of two main steps:

(i) Calculation of maximum crop biomass and yield potentials
considering only prevailing radiation and temperature conditions,
and

(ii) Computation of yield losses due to water stress during the
crop growth cycle. The estimation is based on rain-fed crop water
water balances for a range of eight different levels of soil water
holding capacity.Yieldestimationforirrigationconditionsassumes
that crop water requirements are fully met, i.e., that irrigation
will be scheduled such that no yield-reducing crop water deficits
occur during the crop growth cycle.

The results of the biomass and yield calculation depend on the timing of the
crop growth cycle (crop calendar). Maximum biomass andyields are separately
calculated for irrigated and rain-fed conditions. Under rain-fed conditions,
water stress may occur during different stages of the crop development
reducing biomass production and the yields achieved. In NAEZ-Afghanistan,
water requirements of each LUT are calculated daily and are considered in
the calculation of LUT-specific water balance and actual evapotranspiration
in a grid-cell. The crop calendar (i.e., sowing and harvesting dates) for a given
LUT and grid cell is determined by identifying within the permissible window
of time the sowing date that leads to the highest attainable yield.

Results of Module Il include LUT-specific temperature/radiation defined
maximum yields, yield reduction factors accounting for sub-optimum
thermal conditions, for yield impacts due to crop water deficits, estimated
amounts of net irrigation requirements, potential and actual LUT
evapotranspiration, the accumulated temperature sums during each LUT
crop cycle, and the simulated optimum crop calendars.

Module Ill: Agro-climatic constraints

Agro-climatic constraints cause direct or indirect losses in the yield and
quality of produce. The relationships between these constraints with
general agro-climatic conditions such as moisture stress and excess air
humidity, and risk of early or late frost are varying by location, between
agricultural activities as well as using control measures as assumed for
different input levels.

Module Il computes for each grid cell LUT-specific multipliers
corresponding to different types of agro-climatic risks and constraints
which are applied to further reduce previously calculated agro-climatic
potential yields (i.e., the results of Module Il).

This step is carried out in a separate module, termed Module Ill, to make
explicit the climatic effect of limitations due to pests and diseases, and
workability constraints and to permit time-effective reprocessing in case
new or additional information becomes available. Four groups of agro-
climatic constraints are applied, including:

. Yield losses because of pests, diseases and weed damage on
plant growth

. Yield losses due to pests, diseases and weed damage on quality of
produce
. Yield losses due to climatic factors affecting the efficiency of

farming operations (e.qg., excessive wetness causing difficulties for
harvesting and handling of produce)

. Yield losses due to occurrence of early or late frosts.

These agro-climatic constraints are expressed as yield reduction factors
according to the different constraints and their severity for each crop/
LUT and by level of inputs. Due to paucity of available empirical data, the
estimates of constraint ratings have been mostly obtained through expert
opinion.

Module IV: Agro-edaphic constraints

Module IV estimates yield reductions due to the constraints induced
by soil limitations and prevailing terrain-slope conditions. Crop yield
impacts resulting from sub-optimum soil and terrain conditions are
quantified separately for soils and terrain-slopes. Soil suitability is
assessed through crop specific evaluations of seven major relevant for
agriculture. Itis estimated from soil attributes available in the Afghanistan
Harmonized Soil Database, AFGHSD v1 (see Appendix 3). Soil qualities
include soil nutrient availability, soil nutrient retention capacity, soil
rooting conditions, soil oxygen availability, presence of lime and gypsum,
presence of soil salinity and sodicity conditions, and soil management/
workability constraints. These limitations are estimated on a crop-
by-crop basis and are combined into a crop and input specific edaphic
suitability rating.



The growing period for most crops continues beyond the rainy season
and, to a greater or lesser extent, crops mature on moisture stored in the
soil profile. However, the amount of soil moisture stored and available to
acrop, varies, e.g., with depth of the soil, physical characteristics, and the
rooting pattern of the crop. Depletion of soil moisture reserves causes the
actual evapotranspiration to fall short of the potential rate. Available soil
water capacity (AWC], an important parameter in the crop water balance,
is assessed considering soil depth, soil volume and salinity.

Chemical and physical soil profile characteristics considered for both top-
soil (0-30 cm) and sub-soil (30-100cm), include: the soil textural class;
organic carbon content; pH, cation exchange capacity of soil and clay
fraction; base saturation; total exchangeable bases; calcium carbonate
contents; gypsum content; sodicity and salinity.

Suitability ratings of soil characteristics are empirical coefficients that
reflect the effect the value of the soil characteristic has on the yield
potential of a specific crop. The rating system is adapted from Sys et al.
(1993). The individual ratings themselves draw on extensive compilation
of results of research farm experiments and empirical knowledge
among others summarized by Sys et al. (1993), Nachtergaele (1988) and
Nachtergaele and Bruggeman (1986).

The output of Module IV comprises of result tables by crop and water source
(rain-fed, gravity irrigation, sprinkler irrigation, drip irrigation), which list for
each component soil of the soil map units recorded in AFGHSD v1, about
2400 soil map units, the calculated soil quality indicators and soil unit ratings.

Module V: Integration of climatic and
edaphic evaluation

Module V executes the final step in the AEZ crop suitability and land
productivity assessment. It incorporates the LUT specific results of the
agro-climatic evaluation for biomass and yield calculated in Module I1/11I
for different soil AWC classes and it uses the edaphic ratings produced
for each crop/soil/slope combination assessed in Module IV to estimate
agro-ecological attainable yields and related variables.

The inventories of soil resources and terrain-slope conditions are integrated
by ranking all soil types in each soil map unit regarding their occurrence
in different slope classes. Considering simultaneously the slope class
distribution of all the grid cells belonging to a particular soil map unit,
the characteristics of soil types and the shares of a soil map unit assigned
to different soil types, a data pre-processing step of Module V results in
an overall consistent distribution of soil-terrain slope combinations
by individual soil association map units and 7.5 arc-sec grid cells (i.e.,
approximately 0.21 km by 0.21 km for latitude at center of Afghanistan).

The algorithm in Module V steps through the grid cells of the spatial soil
association layer of the AFGHSD v1 and determines for each grid cell the
respective make-up of land units in terms of soil types and slope classes.
Each of these component land units is separately assessed and assigned
a suitability rating and simulated attainable yield. The grid cell results are

accumulated over all component land units in a grid cell. Processing of soil
and slope distribution information takes place at 7.5 arc-second grid cells,
the resolution used for storing NAEZ-Afghanistan results.

AEZ appliesin Module V a terrain-slope suitability rating procedure to account
for important factors that influence production sustainability. This is achieved
through: (i) defining permissible slope ranges for cultivation of various crop/
LUTs and setting maximum slope limits; (ii) for slopes within the permissible
limits, accounting for likely yield reduction due to loss of fertilizer and topsoil,
and [iii) distinguishing among a range of farming practices, from manual
cultivation to fully mechanized cultivation. In addition, the terrain-slope
suitability rating is varied according to amount and distribution of rainfall,
which is quantified by means of the modified Fournier index (calculated
in Module 1). The calculations are crop/LUT specific and are separately
performed for different input/management levels and water supply systems.

Application of the procedures in modules | to V produces an expected yield
and suitability distribution under rain-fed and irrigation conditions by 7.5
arc-seconds grid cell, for each crop/LUT and input level. Land suitability
results for each crop are stored as six classes: very suitable (VS), suitable
(S), moderately suitable (MS), marginally suitable (mS), very marginally
suitable (vm$S), and not suitable (NS). These detailed crop databases are
used to derive additional characterizations and aggregations of the land.
Examples include the calculation of land extents with cultivation potential
by land cover type and AEZ class, quantification of climatic production
risks by using historical time series of suitability results, impacts of
climate change on crop production potentials, and irrigation water
requirements under current and future climates.

Various utility programs have been developed to aggregate and tabulate
results by administrative or hydro-region units, or to map the contents
of Module V crop databases in terms of a suitability index, suitable area
shares, potential grid-cell production and related water balance variables.

Module VI: Economic evaluation and
comparative advantage of major crops

Module VI builds on the results of the NAEZ-Afghanistan crop suitability and
land productivity assessment. First, LUT specific production cost functions,
where fixed and variable cost components are expressed as (linear) functions
of yield, were applied with respect to current and projected agro-ecological
attainable crop yields to estimate for major crops the grid-cell specific
production costs. Cost functions and prices are based on information
provided by experts at FAO-Afghanistan and are representative for conditions
in recent years. Average farm gate prices of 2014-2016 were then used to
determine the output value and respective attainable net revenues per unit
area.

The various crop-specific results were then used to construct a spatial
database showing a surface of best attainable net revenues by choosing
in each grid cell the best performing crop. Each of the crops was then
compared to this best-outcome surface in order to indicate and map the
comparative advantage in terms of its attainable net revenue relative to

the best available option in each grid cell.

Limitations

The agronomic data, such as the information on environmental
requirements for some crops, contain generalizations necessary for global
and national applications. In particular, assumptions on occurrence and
severity of some agro-climate related constraints to crop production (used
in Module 1ll) are uncertain and could certainly benefit from additional
systematic data collection and verification.

Land degradation in its multiple aspects, including crucial elements such
as soil degradation (soil erosion, contamination, sealing, compaction,
nutrient depletion, and biodiversity loss), vegetation degradation,
and water resources decline in quality and quantity, are not or only
partially taken into account. These factors will obviously put pressure on
sustainable yield and production capacities.

Agriculture covers, by definition, apart from cropping a wide range of
other activities and land uses include agro-forestry, livestock rearing and
inland fisheries. The NAEZ-Afghanistan assessment does not encompass
all these sectors and focuses mostly on the potential for growing crops
(for food, fodder and fiber). Nonetheless, the outputs of the model can be
used as spatial agronomic backbone to support various other applications
in agricultural development planning, targeting of food security, scenario
studies of climate change impacts and adaptation, or for assessing
livestock sector development options.

Land has many important functions. AEZ outputs emphasize the suitability
of land for crop production. The need to plan for more and better food
supplies, from less resources and with less environmental impacts, will
have to continue with high priority in Afghanistan in the next decades.

The results presented in this report have assessed the impacts and
outcomes of projected gradual future changes in climate. The possible
increase of the occurrence of extreme weather events, such as more
frequent years of drought, extreme precipitation events, or late frosts,
could not be evaluated in the NAEZ simulations because information
available from AR5 earth system models and regional climate models
cannot provide reliable estimates of future climate variability.

The NAEZ analysis in this study has assessed crop suitability and
production potential for changing climatic conditions but did not quantify
climate change impacts on water resources and water availability for
agriculture. The annual and seasonal water balance is expected to
deteriorate in most regions of Afghanistan as indicated by falling annual
P/ETO ratios. The hydrographs will also be affected by the retreating of
glaciers and the changes in snow cover and melting. These changes may
increase water scarcity in drought-prone areas and irrigation water will
likely be in short supply in some areas under rapidly evolving climate
change.
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Agro-ecological zoning soil moisture regime

In Module |, AEZ calculates a daily reference soil-water balance for each
grid-cell and estimates actual evapotranspiration for a reference crop. In
the Module II, 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 [Smith 1992) and the paper: “Crop Evapotranspiration”

[Allen et al, 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(Wb,_,+ Sm +P - ETa,, Wx)
J J J J J

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.
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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 = Sa x D

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. On 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 (Wh)
is less than a critical threshold (W7) 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 E7m. In the reference
water balance of AEZ Module |, maximum potential evapotranspiration £Tm
is taken to be the Penman-Monteith reference evapotranspiration E7o. In
crop water balance calculations of specific crops/LUTs, crop-stage specific
parameters are applied to £7o to estimate respective £Tm values.

For actual soil moisture falling below the threshold of easily extractable
water, the value of E7Ta 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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Compilation of Afghanistan Harmonized Soil

Database

Introduction

Agro-ecological zoning requires a spatially detailed evaluation of soil
qualities and edaphic suitability for a variety of possible cropping
options. NAEZ-Afghanistan applies a newly compiled soil database to
represent on a detailed spatial grid the soil resources of each region.
This national harmonized soil database (AFGHSDv1) contains general
soil information such as soil depth, soil drainage and occurrence of
soil phases relevant for agricultural land use, plus some 17 soil profile
attributes each for topsoil (0-30 cm) and subsoil (30 -100 cm soil depth).

Detailed terrain and land use/cover data were used in database
compilation for guiding soil correlations and defining soil association
units. Terrain data was extracted from SRTM digital elevation data
(resolution of 1 arc-second) and processed to derive a national terrain
slope inventory for use in NAEZ-Afghanistan. Classification of land
use/cover was obtained from the Land Cover Database of the Islamic
Republic of Afghanistan (LCDA 2010).

Afghanistan Harmonized Soil Database

Various available national soil resources maps and data sets, varying
in detail and quality, were used for the compilation of AFGHSD v1. This
includes three different soil resources maps or spatial databases: (i) the
USDA Soil Map of Afghanistan; (ii] the USGS Soil Map of Afghanistan;
and (iii) the global SoilGrids250m database.

The USDA soil map, the USGS soil map, land use/cover data and a
layer of province administrative units were combined to define soil
association mapping units. The SoilGrids250m database, SRTM derived
terrain slope data, land use/cover classification and selected available
nationwide interpolated soil profile attributes (e.g., pH, salinity, soil
depth) were used to guide and review correlations of ‘great group’ soil
taxonomy classes and WRB classifications with the FAO'90 soil unit
level classification.

The soil association mapping units of the national harmonized soil
database were parameterized with soil attributes derived from (i)
selected attributes of available national level interpolated soil profile
data, (i) 1:1,000,000 USDA soil map, [iii) USGS soil map, and (iv] World
Inventory of Soil Emissions Database (AEZ-WISE Il) available for FAO'90
soil classification.

In summary, data sources used for the national soil data base include:
o USDA Soil Map of Afghanistan
o USGS Soil Map of Afghanistan

o Land Cover Database of the Islamic Republic of Afghanistan
(LCDA 2010)

o SRTM Digital Elevation Data (at 1 arc-second resolution)

o SoilGrids250m Digital Data

. World Inventory of Soil Emission Potentials Database (AEZ-WISE I1)
o Afghanistan national soil profile data by location

o Interpolated national level soil profile attributes (e.g., soil pH,
salinity class).

The national harmonized soil database of Afghanistan (AFGHSDv1)
developed in this study is covering Afghanistan in terms of 2398 soil
associations mapping units. The soil classification used in the edaphic
soil suitability assessment module in NAEZ is the revised legend of the
FAO/Unesco Soil Map of the World (FAO'90).
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Main data sources
USDA Soil Map

The USDA Soil Map of Afghanistan (USDA-NRCS, 2005) at a scale of
1:1,000,000 contains 153 mapping units classified according to the USDA
soil taxonomy at soil great group level. The USDA soil map legend provides
map associations, soil moisture regimes, soil temperature regimes and
physiographic information. Some details of the 153 USDA mapping units
are shown in Table A3.1. The digital USDA soil map was provided by FAO-
Afghanistan and for its use in NAEZ-Afghanistan the great group USDA
soil taxonomy classes of the map legend were correlated to FAO'90 and
WRB soil groups and associated soil phases.

USGS Soil Map

The USGS Soil Map of Afghanistan compiled by United States Geological
Survey contains 86 map units, coded in 11 classes, with information on
soil depth, soil layer stratification, topsoil and subsoil textures and soil
phase information (Table A3.2). The USGS digital map and attribute file
was provided by FAO-Afghanistan.

Land Cover Atlas of the Islamic Republic of Afghanistan

Land use/cover of the LCDA 2010 database, taken from the Land Cover
Atlas of the Islamic Republic of Afghanistan (FAO, 2016), was used to
structure and refine the distribution of soil units and soil attributes. For
this purpose, four aggregate land use/land cover classes were compiled
from the LCDA 2010 database: (i) Irrigated cropland, orchards and
vineyards; (ii] Rain-fed cropland; (iii) Forest, shrub land and rangeland,
and (iv) Other land use/cover including bare land, wetland, water bodies,
glaciers and snow covered land, and built-up land.

SRTM Digital Elevation Data

Terrain data were derived from 1 arc-second (about 21 m by 21 m at the
latitude of central Afghanistan) SRTM data (Farr et al, 2007), provided by
FAO-Afghanistan, and were classified in terms of median elevation and
distributions of terrain slope classes per 7.5 arc-second grid cell for use
in NAEZ as follows:

1. Median elevation (m) of 1 arc-second grid-cells
2. Distributions (%) of calculated 1 arc-second terrain slopes in

terms of eight slope gradient classes: 0-0.5%, 0.5-2%, 2-5%,
5-8%, 8-16%, 16-30%, 30-45%, and > 45%.

SoilGrids25m Data

SoilGrids250m data (Hengl et al., 2017), a gridded global soil database ata
resolution of 7.5 arc-seconds latitude/longitude provides estimated WRB
and USDA soil classifications and standard soil properties and classes for:
soil organic carbon; soil pH H,0 and KCL; sand, silt and clay fractions; bulk
density; cation exchange capacity (clay); coarse fragments; and depth to
bedrock. The attributes are mapped at 7 standard depths, namely 0 cm,
5cm, 15 ¢m, 30 cm, 60 cm, 100 cm and 200 cm.

World Inventory of Soil Emission Potentials Database
(AEZ-WISE 1)

The AEZ-WISE Il database (Batjes et al., 2002, comprising 9607 profiles,
has been used to derive soil attributes using uniform taxonomy-based
pedotransfer (taxotransfer] rules. The attributes were compiled by
topsoil (0-30 cm) and subsoil (30-100 cm) separately by FAQ'90 soil units
and topsoil textures. Attributes include: gravel content; sand, silt, clay
fractions; USDA texture class; reference and measured bulk density;
organic carbon content; pH; cation exchange capacity (CEC,,, and CEC_,J;
base saturation (BS); total exchangeable bases (TEB]J; calcium carbonate
(CaC0,), gypsum (CaSO0,), sodicity (ESP), and salinity (EC,).

Soil Profile Data

The Afghanistan Soil Research Institute supported by FAO-TCP assistance
has completed and made available soil profile databases for nine provinces
of Afghanistan (FAO-AFG, undated). The databases comprise location-
specific soil profiles classified according to WRB and include various
gridded soil attributes obtained by digital soil mapping, i.e., sand, silt, and
clay fractions, texture classes, soil depth, salinity, pH, bulk density, CEC,
calcium carbonate, organic carbon and total nutrients.



Table A3.1 USDA soil map legend and correlations with FAO"90 classification

2 z & w F 2 E 2
= o =) ) =) o > m
o 4 = = = = = =
- o (2 =< ) > o >
E > o o 0 (1) 0 1)
5 = = - & & g 2
o = = = o o o o
= a & K & & = =
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123, 133, 134, 139, 154 Dunes Aridic Hyperthermic Dunes
27,29, 35, 43, 45, 53, 61, 84, 85, 90, 97,100, 112, 114 Haplocambids with Torriorthents Aridic Mesic Cambisols Regosols
66,72, 88,91, 95, 104, 118, 121, 125, 132 Haplocambids with Torripsamments Aridic Thermic Cambisols Arenosols
75, 115, 119, 147 Haplosalids Aridic Thermic Solonchaks
2,3,4,9,14,15,16, 17, 20, 24, 25, 30, 32 Rocky land with ice-capped bare rock Aridic Cryic/Frigid Rocks Glaciers
6,57, 63, 65,73 Rocky land with Lithic Haplocambids Aridic Mesic Rocks Cambisols Lithic
81, 92, 93 Rocky land with Lithic Haplocambids Aridic Mesic Rocks Cambisols Lithic
113, 116 Rocky land with Lithic Haplocambids Aridic Mesic Rocks Cambisols Lithic
22, 68,107,110, 149 Rocky land with Torriorthents Aridic Thermic Rocks Regosols
58, 60, 62, 108, 117, 124, Torrifluvents Aridic Thermic Fluvisols
122, 126, 143, 151 Torrifluvents with Haplosalids Aridic Hyperthermic Fluvisols Solonchaks
Torrifluvents with Torripsamments Aridic Cryic/Frigid Fluvisols Arenosols
33,71 Torriorthents with Torrifluvents Aridic Mesic Regosols Fluvisols
19, 26, 130, 136, Torripsamments with Dunes Aridic Thermic Arenosols Dunes
21, 31, 40, 64, 87 Xerochrepts with Xerorthents Xeric Thermic Cambisols Regosols
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Soil correlations

Table A3.2 USGS soil map legend and interpretations

USGS (original legend)

Soil Mapping Unit

USGS Soil description Soil Depth

coarse grained: gravel overlain by silty sand and clayey sand very deep

coarse grained soils: poorly graded sand very deep

fine grained soils: clay underlain by gravel and silty sand very deep

fine grained & coarse grained soils: gravel overlain by clay very deep

fine grained & coarse grained soils: silt & clay underlain by silty sand moderately deep to deep

fine grained & coarse grained soils: clay & silty sand with rock fragments and exposed bedrock shallow

USGS (legend interpretation)

Soil Mapping Unit Dominant Unit Associated Unit

Description

very deep, coarse to medium textured soils with petric phase >150 4 2 petric

very deep, coarse textured soils (no phase) >150 1

very deep, fine textured top soils and medium to coarse textured subsoils >150
(petric phase)

very deep, medium to fine textured soils with petric phase >150 petric

moderately deep to deep, fine textured topsoil with medium to coarse 50-
textured subsoil (no phase) 100

1 partly shallow, fine, medium and coarse textured soils with stony phase 25-50 5 5 stony 0 RK
and partly rockland




Coarse Rockland

Fine 25-50 Shallo

Fine-coarse 100-150 Deep

Table A3.3 Soil unit/miscellaneous units - Terrain slope relationships

Soil units /Miscellaneous units Maximum terrain slope Priority

FLc Calcaric Fluvisols 5%

Calcaric Arenosols All slopes

Calcaric Cambisols 16 %

GYk Calcic Gypsisols 30 %

Rendzic Leptosols All slopes

LVk Calcic Luvisols 8 %

SCh Haplic Solonchaks 5%

Sodic Solonchaks 5%

SNk Calcic Solonetz 5%

Salt Flats All slopes

Water All slopes

Built-up/Urban areas All slopes

Soil associations




Table A3.4 Occurrence of soil units and miscellaneous units in AFGHSD

Soil units /Miscellaneous units Total occurrence (km?) % of Total

FLc Calcaric Fluvisols 22 471.3

Calcaric Arenosols 61959.8

Calcaric Cambisols 74 4L65.4

GYk Calcic Gypsisols 45 084.5

Rendzic Leptosols 1584.1

LVk Calcic Luvisols 2 863.7

SCh Haplic Solonchaks 479.6

Sodic Solonchaks 389.1

SNk Calcic Solonetz

Salt Flats 2102.7

Water 14 364.4

Built-up/Urban areas 3036.6

TOTAL 642 303.5 100.0



Generalized map of topsoil pH
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Source: The Afghanistan Soil Research Institute supported by FAO-TCP assistance has compiled soil profile databases for nine provinces
of Afghanistan (FAO-AFG, undated). The database includes various gridded top-soil attributes obtained by digital soil mapping, i.e., sand,
silt, and clay fractions, texture classes, soil depth, salinity, pH, bulk density, CEC, calcium carbonate, organic carbon and total nutrients.

Figure A3.1

Figure A3.1 illustrates the content of the harmonized soil
database AFGHSD v1, showing the distribution of topsoil (0-
30 cm) pH values, falling in Afghanistan mostly in the range
of 7.6-8.5 with a median value of about 8.0. The pH, measured
in a soil-water solution, is an indicator for the acidity (pH < 7)
and alkalinity (pH > 7] of the soil, which affects the availability
of nutrients to the plant.

Crops vary in their tolerance to high and low soil pH. For
instance, the range of soil pH causing no or only minor
limitations for wheat cultivation is set in NAEZ-Afghanistan to
pH 6.0 to 8.2. For cotton this range is set to pH 5.5 to 7.6, and
tobacco is even much less tolerant to alkalinity. Comparing
the pH requirements of crops to prevailing soil pH levels is
just one step of the edaphic suitability evaluations in AEZ.
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Table A3.5 Content of soil attribute database in AFGHSD v1

Soil Attribute Unit Soil Attribute Unit

number Topsoil CEC clay cmol/kg

Mapping unit symbol text Topsoil base saturation

Province number Topsoil CaCO, % weight

USGS soil unit code number Topsoil ESP

Share of soil unit in mapping unit Sub-soil gravel content

Topsoil texture class (FAO) class Sub-soil silt fraction

Soil depth Sub-soil texture class (USDA) class

Topsoil sand fraction Sub-soil CEC soil cmol/kg
Topsoil clay fraction Sub-soil TEB cmol/kg

Topsoil reference bulk density Sub-soil CaSO0, % weight

Topsoil organic carbon % weight Sub-soil ECe

Note: Topsoil refers to 0-30 cm soil depth, Sub-soil refers to 30-100 cm soil depth.




Map of average Available Water Capacity (AWC) of soils
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Source: NAEZ soil evaluation based on soil attribute information (texture class, gravel content, soil depth, soil salinity) available in AFGHSD Figure A3.2
v1. The values represent maximum soil water available to plants (in mm) in the top 100 cm of the soil profile, or for the available effective
soil depth where this is less than 100 cm.

The growing period for most crops continues beyond the
rainy season and, to a greater or lesser extent, crops mature
on moisture stored in the soil profile. However, the amount of
soil moisture stored and available to a crop, varies, e.g., with
depth of the soil, physical characteristics, and the rooting
pattern of the crop. Depletion of soil moisture reserves
causes the actual evapotranspiration to fall short of the
potential rate.

The upper limit of the water available to plants depends on
the soil’s physical and chemical characteristics that influence
total soil water holding capacity. Available soil Water Capacity
(AWC), an important parameter in the crop water balance, is
estimated from physical and chemical soil characteristics,
effective soil depth and rooting depth of individual crops.

Gravel, stones, boulders, and rock fragments when presentin
the profile reduce considerably the capacity of a soil to store
moisture. The FAO74 legend accounts for such conditions
by defining the Stony soil phase reflecting the presence of
coarse fragments in the surface layers or at the surface to
an extent that it reduces effective soil volume and therefore
AWC significantly. Other soil volume limiting soil phases
include Lithic, Petric, Petrocalcic, Petrogypsic, Petroferric,
Duripan, Skeletic, as also Gravelly and Concretionary soil
phases which may occur anywhere between soil surface and
100 cm depth.

Apart from soil volume reducing soil phases, effective soil
volume and hence AWC may significantly be affected by
coarse fragment occurrences. Coarse fragments contents in
topsoil and subsoil has been systematically parameterized
in the soil attribute database of AFGHSD v1, which has been
used to adjust reference soil AWC. The AWC adjustment
follows procedures recommended by USDA and NCRS (1967).
The same USDA source provides adjustments to AWC as a
function of soil electrical conductivity. Salinity affects crops
through inhibiting the uptake of water. The adjustments
of AWC for coarse fragments and for salinity have been
established by USDA soil texture classes.

Figure A3.2 shows average soil AWC values, weighted by
component soil unit shares within a grid cell, based on soil
attribute information available in AFGHSD v1. The values
represent maximum soil water available to plants (in mm]in
the top 100 cm of the soil profile, or for the available effective
soil depth where this is less than 100 cm.
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Soil/terrain suitability rating for wheat, low input/
management

Source: NAEZ soil evaluation module. Calculation of soil and terrain suitability index for wheat Figure 3.3
cultivation under low input/management assumptions and using soil attribute data from AFGHSD v1.
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