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Abstract Wheat Yield Estimation and Maximum NDVI Ranking Irrigated Wheat Productivity Assessment

Accurate and timely assessments of winter wheat production are important elements of food security decision making for

Afghanistan. Approximately 80 percent of the country’s wheat production is supplied by 1rrigated winter wheat that relies heavily Analysis _ _ : . Analysis _ . . . . . .

on spring snowmelt. The 2007-08 winter wheat season was characterized by a below average snowpack, abnormally high spring Seasonal maximum NDVI has been shqu to correl.ate well with winter yvhe?lt yleids (USDA/FAS 2008). We used MODIS 250m A secondary apalysm was done to estlma}te differences in the amount of productive area throughogt the 9-year time Perlod tq

temperatures, early snowmelt, and poor rainfall, which created drought conditions throughout most of the country. Famine Early 16-day NDVI time series, stratified by 1rrigated agrlcpltural areas,.and historical yield Qata to evaluate the 2008 wheat season evaluate hoyv. it may vary through both time and space. Seveq Advanced.Spacebome Thertpal Emission and Reﬂectlon Radiometer

Warning Systems Network (FEWS NET) scientists at the U.S. Geological Survey Earth Resources Observation and Science compared to the previous 8 years. Because the majority .of. Afghanistan’s wheat production, 75-85 percent, comes from 1rrigated (ASTER) Vlsible qear—mfrared scenes were acquired for the time of maximum NDVI (Aprll—May). The ASTER imagery was used
crop areas (FAO/WEFP 2004), we focused on results for irrigated lands. as a guide to 1dentify an NDVI productivity threshold that could be applied to the 2000-2008 series and to ‘validate’ the NDVI

(EROS) Center assessed how drought conditions impacted the 2008 winter wheat season and were able to frame the severity of the
drought 1n the context of recent history as a guide to decision making. We used MODIS 16-day composite normalized difference
vegetation index (NDVI) time series and historical yield data to evaluate the 2008 wheat season 1n comparison to the previous 8
years. The unique phenology of the winter wheat crop allowed us to derive a metric that showed good correlation with historical
yields for irrigated areas. The NDVI data were temporally smoothed to eliminate cloud contamination, masked to 1solate irrigated
agricultural areas, and spatially averaged at the province level. We correlated annual maximum NDVI values for each province
with yield statistics at both the national level and an aggregation of Northern provinces, which supply the majority of the country’s
wheat production. Yield statistics were from Crop and Food Supply Assessment Missions (CFSAMs) supported by the Food and
Agriculture Organization and the World Food Program from 2000 to 2007. The results showed good correlations for the national

magnitude differences with higher resolution data. MODIS 250m NDVI was very effective at capturing the spatial variability.
MODIS NDVI time series data were assembled for the period 2000 to 2008, temporally smoothed to remove cloud and other
atmospheric contamination, and then stratified by irrigated areas. The time series data were spatially averaged at the provincial
level and the annual time series were analyzed to derive the time of annual maximum. The timing of maximum NDVI for winter
wheat was consistently found during MODIS periods 113 and 129 (Late April - mid May). The average of these two periods was
then correlated with province-level wheat yields obtained from CFSAMSs and agricultural statistics for 2000 to 2007.

ASTER 15m VNIR - May 15, 2007 NDVI Maximum w/0.35 threshold - May 2007

) : - " n y ; Irrigated Maximum NDVI Times Series (2000-2008) National-level Irrigated Yield and Irrigated Maximum NDVI (2000-2007)
level (R? = 0.92) and the Northern provinces (R* = 0.76). We used this relationship with annual maximum NDVTI as a basis for
ranking the 2008 winter wheat yield. Results showed that the 2008 season ranks among the worst in the 9-year history for irrigated - ) P
areas. These findings were further supported by using a simple thresholding of maximum NDVTI as a surrogate for productive " ” - /m ?
wheat area. We applied an upper threshold to the annual maximum NDVI at each pixel to create maps of productive wheat area and 035 “ v EV

compared interannual variability at the province level. The 2008 season was clearly shown to be less productive than other years in 03
the time series, with large interannual variability 1n productive wheat area between provinces.
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« Below normal snowpack (both extent and water volume) e How does the 2007-08 season rank 1n terms of 0.05 12
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 Abnormally high spring temperatures, resulting in early snowmelt previous growing seasons? . - | S , , . , , |
«  Below normal rainfall during the Spring *  Were irrigated wheat areas equally impacted? Mar Ap: May Jun Jul Aug Sep 0.31 0.32 0.33 *ml | dw‘:-“j - 036 037 038 0.39 Figure 6. ASTER image and maximum NDVI with productivity threshold (blue) for an area in Balkh province.
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« Are the differences quantifiable? If so, to what degree?
Data Inputs Figure 2. NDV| time series for national-level irrigated areas. Figure 3. Correlation of maximum NDVI'and wheat yield. Thresholded values of > 0.35 maximum NDVI showed good spatial agreement with the productive areas identified using the
MODIS 250m normalized difference vegetation rrifated (3nd Rainfed) Agricultieal Map [Figure.1] ASTER scenes. Productive area measurements were calculated for irrigated areas within each province areas and summarized
. : - : : : : - : for each year.
index (NDVI). 2000-2008 P Foodlai@AericolmrakOrdahisaien (PAO Y AUn et Ntiae National-level NDYI time series (Figure 2) shqw consistent phenologlcal patt§rris for each year. Figure 3 shows the correlation 2
= T bl thtohied (Syots ot-al2999) Development Program/Afghan Geodesy & Cartography between these maximum NDVI values and national wheat yields. Although this 1s a very limited number of samples, the strong
Head Office — Kabul relationship gave us confidence that we could frame the current season relative to previous years and provide the timely food Results

e Masked for irrigated agriculture

| . . security information that was desperately needed.
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E“_'“" R Figure 7. Productive area estimates for provinces in Northeastern Afghanistan. Figure 8. Productive area estimates for provinces in North Central and
i Northwestern Afghanistan.
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e 2003 The productive area estimates for 1rrigated areas varied regionally across the northern provinces of Afghanistan. The Northeastern
o= ok . provinces showed fairly consistent productive area estimates from year to year (Figure 7). The North Central and Northwestern
S i . . . o . R . .
, | Fiqure 4 Ik huiin, [l Dutea RaTa i Cetas fap h O e e e ars Petimate dyimid: (). provinces showed a high degre? of interannual variability (Elgure 8). lj"or.n"rlg.ated agrlcult.ur.e it §tands to reason that the North
Irrigated Crop Areas Central and Northwestern provinces would be more susceptible to variability in available 1irrigation water from snowmelt.
N Lot B intensive - 2 crops/year N These areas have thinner snowpack and are subject to greater interannual temperature differences in early spring, whereas the
aktika - : . : . . - Northeastern provinces are at higher elevation and maintain snowpack, and thus water for 1rrigation, much later in the year.
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