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Overview

A

groclimatic characterization of the Central Asian republics is needed in order to understand the diversity of climatic conditions in this part of the world.  In the context of the high priority given by governments in the region to crop diversification, it offers a rational basis for more effective targeting of improved crops, cultivars and adapted land use. In addition, it may help to save water.

A comprehensive agroecological characterization of the region has been initiated within the framework of the ADB-funded ICARDA Project “On-Farm Soil and Water Management in Central Asia”. The characterization is currently carried out at two different scales, and involves the development of a GIS for the experimental sites (Boykozon in Uzbekhistan, Sorbulak in Kazakhstan), and the upscaling to the level of broad agroecologies through agroclimatic zoning.  The ultimate objective of this assessment is to map the spatial extent and severity of specific climatic stresses, such as drought, cold and heat. At the same time the assessment will allow to map the regional variations in crop water requirements.

Assessing the regional water demand for crops is a major challenge, in view of the fact that actual data on water requirements are available for few stations only, and need to be supplemented with estimates based on climatic data.  In addition this site-specific information is difficult to extrapolate due to differences in topography and location.  In order to assess regional crop water demand a sequential approach is required, based on the spatialization of the potential evapotranspiration, and followed by the spatialization of crop coefficients. 

Maps of monthly potential evapotranspiration calculated according to the Penman-Monteith method have been prepared from raw climatic data for stations in Kazakhstan and Uzbekhistan. The procedure used is based on the mathematical technique of thin-plate smoothing spline functions, using the digital terrain model GTOPO30, aggregated to a grid cell size of 2.5x2.5 km. First, surfaces were created for each climate parameter used in the Penman-Monteith equation (temperature, radiation, humidity and wind).  In a second step these surfaces were combined in accordance with the equation. These digital maps were created with the ANUSPLIN software package, and Excel software to automate the process of climate surface generation.

The maps of potential evapotranspiration will be used in combination with maps of crop coefficient values for each month to assess crop water requirements for individual crops.  These studies of regional water demand may help decision-makers to target irrigation projects towards areas where crop water demand is lower, and make recommendations for irrigation that will be more site-specific than is currently the case.

Introduction

The Central Asian republics have a tremendous diversity in climatic conditions, spanning a wide range across rainfall and temperature gradients. It is a region where climatic extremes are very pronounced and where drought, very high and very low temperatures are taken for granted. This diversity of climate has been one of the key determinants of land use systems and their productivity. Another determinant is the general prevalence of relatively short growing periods, limited by both moisture availability and temperature (see Figure1).

Figure 1 indicates how at Fergana, Uzbekhistan, periods of moisture availability (winter and spring) mismatch with periods that temperature is adequate (spring and autumn).  As a result the times of the year that both temperature and moisture are adequate for crop growth are limited to relatively short periods in autumn and spring.

This is the most common situation in Central Asia.

In the former Soviet Union there was little differentiation in land use systems within broadly defined eco-regions, such as lowland rainfed agriculture, lowland irrigated agriculture, lowland semi-arid rangelands, and mountains (with extensive grazing on mountain pastures and irrigated crops in valleys).  In the previous agricultural sector context the land management units were of such extent that they required little knowledge about the climatic variations at smaller scales. Accordingly there was little need to have detailed maps of agroclimatic conditions and the latter were therefore of a fairly general nature.
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Figure 1.  The climatic growing period at Fergana, Uzbekistan, as determined by temperature and water balance.
With the collapse of trade within the former Soviet Union, the governments of the Central Asian republics found themselves in a situation where a higher priority had to be given to food self-sufficiency and increase of agricultural production.  At the same time the privatization of previously collective farms resulted into smaller land management units and the development of new farming systems. 

To maintain or enhance productivity on these smaller farms, a better knowledge of the agricultural environments at a higher resolution is vital to guide diversification of land use and agricultural research efforts.  In this context agroecological characterization is a key strategy component for enhancing the productivity of the newly developing agricultural systems in the region and for increasing water use efficiency. 

Need for Agroclimatic Characterization

Currently the region has small-scale maps of the main climatic variables (rainfall, temperature, radiation etc.). While useful, these maps contain little detail and are therefore of limited value in guiding crop diversification. In addition, the maps do not take account of variations in topography that may occur within broad climatic regimes. Therefore they often fail to detect the interactions between weather and landforms, which can be particularly substantial in the case of temperature, rainfall and radiation, especially in hilly and mountainous areas. 

A further limitation is that the climate parameters are, with exceptions, not integrated into derived variables that would be of more practical value for agricultural purposes, such as waterbalance, length and time of growing season, crop water requirements, risk of climatic stresses (drought, high temperatures, frost).  A final complication is that such maps, when digitized and incorporated in a geographical information system (GIS), show areas within contours as entirely homogeneous, which is not realistic.

Given recent advances in spatial interpolation techniques, it is now possible to create computer-generated maps of individual climatic parameters, directly obtained from meteorological stations, that are more accurate than existing digitized maps and take better account of topography as a factor that influences climatic conditions.  These maps can be combined in a GIS-system to produce, through modeling techniques, new maps of derived agroclimatic variables, which are more useful for land use and crop management recommendations.

These maps can assist research on germplasm enhancement.  They will allow to identify the geographical distribution of major climatic stresses (heat, cold, and drought), to recognize areas that are susceptible to weather-induced pests and diseases and to distinguish environments where newly bred or introduced crop varieties are likely to perform well. The determination of crop water requirements on a regional basis allows to conserve scarce irrigation water and to compare different land use systems in terms of water use efficiency.  Improved agroclimatic maps will also help research planning through the identification of sites that are representative for major agroclimates.

Agroclimatic Characterization for Assessing Regional Variations in Crop Water Requirements

One specific output of an agroclimatic characterization is the assessment of regional water demand as determined by climatic conditions.  Up to now it has been assumed that the calculation of water requirements at a few research stations is sufficient to give realistic recommendations to farmers and irrigation scheme regulators in the whole of Central Asia on how much water to apply. In reality, water requirements are difficult to extrapolate due to differences in topography (altitude, slope, aspect) and location (latitude, continental or oceanic influences).  As a result current guidelines on water application in Central Asia are very much based on generic figures that do not take account of local terrain and climatic conditions, are not very crop-specific, and, if applied strictly, may result in either under- or over-irrigation.

This study explains an approach, based on spatial statistics, which allows fine-tuning the estimates of water requirements, taking account of spatial variations in climatic conditions and producing continuous surfaces of water requirements.

Methodology and results

A comprehensive agroecological characterization of the region has been initiated within the framework of the ADB-funded ICARDA Project “On-Farm Soil and Water Management in Central Asia”. The characterization is carried out at two different scales, and involves the development of a GIS for the experimental sites (Boykozon in Uzbekhistan, Sorbulak in Kazakhstan), and the upscaling to the level of broad agroecologies through agroclimatic zoning. 

For 53 stations in Uzbekhistan and 123 stations in Kazakhstan quality-controlled data have been compiled of climatic normals, which include the parameters rainfall, maximum and minimum temperature, sunshine duration, relative humidity and wind speed. The stations are well distributed across the two countries (see Figure 2) and the data are adequate to calculate potential evapotranspiration according to the Penman-Monteith method (Allen et al., 1998).
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Figure 2.  Location of meteorological stations used in the study

A 4-step approach is being followed for the assessment of climatically determined water demand:

Step 1:
selection of appropriate method for calculating reference water demand

Step 2:
regionalization of reference water demand (PET)

Step 3:
transition from reference water demand to crop water demand (CWR)

Step 4:
regionalization of crop water demand

Calculation of reference water demand

The reference water demand or potential evapotranspiration is the evapotranspiration from a reference crop (grass) under conditions of no moisture or nutrient stress.  As a standard method for calculating the reference water demand, the Penman-Monteith formula has been widely accepted.

In comparison to previous methods used in Central Asia the Penman-Monteith approach has several advantages. First of all, it has been found to be the best performing prediction equation (Smith et al. 1990, Choisnel et al., 1992). It can be used for different time intervals, ranging from a month to an hour. This is a significant advantage for correlating short-term values obtained from automatic weather stations with longer-term values from established climate stations.  The method is also suitable for all ecological conditions (Smith et al., 1990). 

Regionalization of Reference Water Demand

The approach used for the regionalization of the reference water demand is based on spatial interpolation of the climate parameters used in the Penman-Monteith formula (maximum and minimum temperature, relative humidity, sunshine or radiation, and wind speed), followed by their combination into PET estimates on a spatial basis.  This approach is outlined in Figures 3, 4 and 5.

[image: image3.png]== S
o et
Re s
=

=
e
oo

S





[image: image4.png]ArcView GIS Version 3.1 MEIES
Ele Edi Vew Iheme fnasis Suface Graphics Window Help

B [ EE]E BE]S EEEER EO (&
R peiailelZlaen & ckhEwm BEY
Viewt 151

of syvorser =
i}

of Contours of Syr_der

I Hils_sy

I syr_dem
[ -o0ss - <501
[ 1500- -201

st | 3] € A 2B GEBROET || GEwein.| B | Booon. [[Eacvi |[Ble 9B



[image: image5.png] ArcView GIS Version 3.1

Ele Edi Vew Iheme fnasis Suface Graphics Window Help

MEIES

Restore

B Y E

o T Y T

&) @) ()

o [P R[]

(2]

Viewl

B o
Scale 13783018 ZEs
BETE

J Hile_sy
[Jo-28
-
er- &
[es- 1
e
=
B oo
i
I— B4

of sy_sem
B oo
50
=20

e
=l
[ 1000
[ 200
[ 1e00
B 2000
I 2500
] 2000

o
0
12
1a0
168
18
224
253

[ wopata

s01
201
o

e00

1000
1200
1500
2000
2800
3000
3800
4000
so00
so00
s000

Asat)] GEADEED

apno

(3 Explorin..| &)Approa.. | E)Docum.. [ arcvi.. |[EBe § MOGL BESE S s22pm



[image: image6.png]L= 100>

Fie £ dow Thone oy Suloce Geprlze g Trwviam0rd G ndow _Help _Grid Anabst

K@ EIF K] BRI ¥

DN EEEREHEEENE Seale 13763888 48y
] orainsge 2]

I Vokanis
*

s

e |

=]

| ©o |

I Finttool
ES

I Linearfe

Geomarp
Syria DE!

Terrain

1 4 i =

Stopes ¢

I Hilzhadi

st | A | 995, @] 25| W 3o G| e[ [BTH& e




[image: image7.png][UNU Conference Nov2000 [Read-Only]]

[ Microsoft PowerPc

Help

indow

Insert Formet Tooks Side Show Wi

|[E) e et vew

._E__=.==_.=E_mm=.

HE S
SRR
R

Blends

g Start | (3] Evploring - UNU Paper Jan..| B Microsoft Ward - Figures fo. | [ Microsoft PowerPoint... 3 Mictasolt Excel - Meteama,

Side 18 0f 30

[l BO BB 1547




[image: image8.png][ Microsoft PowerPoint - [UNU Conference Nov2000 [Read-Only]]
&1 e gdt vew mnsert Fomet Took SideShow Window Help

o T
SR, Wind,
[HE T

Laf

o225 T Sonds ox

g Start | (3] Evploring - UNU Paper Jan..| B Microsoft Ward - Figures fo. | [ Microsoft PowerPoint... 3 Mictasolt Excel - Meteama, ol BOS.

@ 155




[image: image9.png][ Microsoft PowerPoint - [UNU Conference Nov2000 [Read-Only]]
&1 e gdt vew mnsert Fomet Took SideShow Window Help

Oct Sep Aug

-
T ez Sonds ox

[
g Start | (3] Evploring - UNU Paper Jan..| B Microsoft Ward - Figures fo. | [ Microsoft PowerPoint... 3 Mictasolt Excel - Meteama, [1oUBODMEG D 1525













Figure 3.  From altitude matrix to different representations of topography

The spatialization approach starts with the incorporation of a digital elevation model (DEM). The DEM is a grid file in which for each grid cell location the altitude is specified.  The DEM is thus essentially an altitude matrix from which different terrain characteristics can be derived (slope, aspect, altitude, drainage), and that can be represented in different forms in GIS software (Figure 3).  The next step is the actual spatialization, which links the DEM with the database that contains the climatic data.  The rationale for linking climatic data with topography is that cclimatic variables, especially temperature, are strongly influenced by site altitude and other features of the surrounding terrain. 

The spatial interpolation method is based on the mathematical technique of thin-plate smoothing spline functions and is topography-guided using a digital elevation model with 1 km resolution. As DEM the country sets clipped from the global DEM with 1 km resolution GTOPO30 have been used (EROS Data Center, 1998).  The main advantage of a topography-guided interpolation is that they permit the use of terrain variables as auxiliary variables in the interpolation process.  In contrast to the climatic target variables themselves, which are only known for a limited number of sample points, terrain variables have the advantage to be known for all locations in between, which increases the precision of the interpolated climatic variables significantly.

As a main tool, the spatialization software ANUSPLIN  has been used. To accommodate the memory constraints of the software, the DEM has been aggregated to a grid cell size of 2.5 x 2.5 km. For each month and climate parameter (maximum and minimum temperature, sunshine duration, relative humidity and wind speed) surfaces have been generated for both Kazakhstan and Uzbekhistan. In order to automate the process of climate surface generation Excel software was written which links a user control module with the actual ANUSPLIN software.

This step is illustrated in Figure 4, which shows the generation of the annual rainfall map for Uzbekhistan.


Figure 4.  Generation of average annual rainfall map for Uzbekhistan

The next step is the generation of monthly potential evapotranspiration surfaces by combining the individual climate parameter surfaces according to the Penman-Monteith formula (Figure 5).

The resulting PET surfaces for Uzbekhistan are shown in Figure 6.


Figure 5. Generating PET surfaces from basic climate parameter surfaces

Figure 6. Generated monthly and annual surfaces of potential evapotranspiration for Uzbekhistan

Future work

The PET surfaces generated will be used as a basis for the determination of the water requirements for individual crops in the Central Asian countries.  To this effect the well-known and simple methodology of Doorenbos and Pruitt (1984) will be followed, which links crop water requirements to PET through the use of crop- and calendar-specific crop coefficients.

CWRt = kct  ×  PETt
where, 

CWRt: crop water requirement at time t

kct: crop coefficient at time t

The crop coefficients express the effect of individual crop characteristics such as resistance to transpiration, crop height, architecture, reflection, ground cover, and of the growth stage.  They can be obtained either from standard tables (e.g. Doorenbos and Pruitt, 1984) or obtained from lysimeter studies at experimental stations.  In a final step the crop water demand will be spatialized. For the purpose of spatialization, it is important to note that at any particular site the crop coefficients can be represented as an array, of which the value depends on the time within the growth cycle. This type of array can be combined directly with the PET surfaces to generate surfaces of crop water requirements, if the particular crop is grown at the same time throughout the area covered by the surface. In such cases the array can be considered a site-independent constant, and the site-specific variation will only depend on PET.

However, if in the area studied the crop is planted at different times, the crop coefficients will also have a spatial variation. This variation will require the establishment of temporal grid files of crop coefficients as well as for PET. Also if the same crop has a different growth cycle in different places, the crop coefficients can no longer be considered constant across space. This is a very typical situation in areas with mountains and valleys. On higher altitude the length of the crop cycle increases, which results in different crop coefficients for the same crop and  time of the year. Also PET will be different at different altitude because of the different temperatures.

For the regionalization of crop water requirements it is therefore important to establish crop calendars.  These calendars should have, as a minimum, contain information on planting date, date of physiological maturity and flowering date.  Given these 3 dates, it is possible, with acceptable accuracy, to establish for the same crop in different areas the crop coefficients. This information can then be transformed into maps of crop coefficients.

Conclusion

Spatialization studies will allow better site-specific estimates of crop water requirements without having climatic data available for each site. They will thus help to improve water use efficiency at local level. At country level they may help to make better use of limited climatic resources by targeting irrigation projects towards areas where water demand is lower.

To achieve the full potential of this methodology the study will need to be expanded to include all Central Asian countries. To assess the inter-annual variations of the crop water requirements, time series of climatic data will need to be analyzed and surfaces prepared for individual years. 
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