Numerical forecasting of drought impact on wheat yield
by combining remote sensing, agrohydrological models
and data assimilation
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Abstract

This paper addresses the question whether dataildgin of remotely sensed leaf area
index LAl and/or relative evaptranspirati@T ET " estimates can be used to forecast total
wheat production as an indicator of agriculturabudrht. A series of low to moderate
resolution MODIS satellite data of the Borkharggiion district, Isfahan (Iran), was for
the year 2005 converted intoAl and ET ET* using a land surface energy algorithm.
Using spatial information of soil types, land ugegundwater and irrigation on a raster
basis with a grid size of 250 m, i.e. moderate ltggm the agrohydrology SWAP model
was then implemented on a distributed way. Taemdrthe internal variables of the
distributed model whenever remotely sensed data @aeailable, a constant gain Kalman
filter data assimilation algorithm was used fortedata series.

The differences between the field data and the datarmined by simulation or
low to moderatedRS data implied that these methods separately areanotrrate
estimators for calculating crop yield. The resoltslata assimilation at both the regional
and field scale showed significant improvement acusacy of simulation in case of
using both the RS based datal#fi andET ET,™ in assimilation process. The results
showed also thdtAl data have a dominant influence in the assimilgpi@tess.

Forecasts for one month in advance using simulatitim assimilation at regional
scale was promising with respect to the statistilzth of the district (bias 210%).
Long term predictions i.e. two month in advancewéeer resulted in a higher bias
between the simulated and statistical data.

Introduction

Crop production is a very reliable indicator fos@ssing the agricultural drought. Fig. 1
illustrates the variation of wheat production ire tBorkhar irrigation district for the

period 1991 to 2005. The low amount of productiorhie period of 1999 to 2001 is due
to a devastating drought of which its cumulativeeets affected Iran’s agriculture and



livestock production seriously (Foltz, 2002). Farsnkad reductions of 35-75 percent in
wheat and barley product and the government hachport a record seven million tons
of wheat, partly because of reduced domestic ptamtudue to the drought.
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Figure 1 Variation of total wheat production (ton) for the period from 1991 to 2005 in the Borkhar
district.

To predict production for the agricultural year 2a0b, distributed simulation with and

without assimilation was performed on regional ecdtor assimilation three sets of
remotely sensed based datal| T T,* andLAI + T T,") was used in the sequential
updating process. To have a prediction of prodacfar in advance, the sequential
updating process was stopped one and two montlsebife end of the wheat growing

season. During the sequential updating process lkwosather data were used, while for
the remaining part of growing season different aceis were considered based on
weather data of a dry, wet and normal year.

Application of distributed agrohydrological model SWAP at
regional scale

To apply the SWAP (Kroes and Van Dam, 2003) mode distributed way, the study
area was divided into 10655 homogeneous cells 25 m spatial resolution. Only
pixels containing the wheat crop (1589 pixels) weamsidered. Spatial information
parameters like soil types and land use on raetemndt were derived by remote sensing
techniques and were preprocessed in a Geograploicniation System (GIS) to derive
values for pixels of 250 m. The temporal distrilsitiata of water supply were produced
using information from the tubewells and the susfacigation network in the Borkhar
district. For linkage of GIS data with SWAP, a cbag program was written in
MATLAB which involves transfer of in- and output tdafrom one system to the other,
and running the model for each pixel.



Remotely sensed data of the relative transpiration T Tp'1 and LAI

The relative transpiration is an indicator of cnepter stress and can be defined as the
ratio of actual and potential transpiratidnTp'l. Since separation of the transpiration flux
from the remotely sensdsll flux is difficult, henceT T,O'1 was set equal to ratio of actual
and potential evapotranspiratidal ETp'1 which is a fair assumption wherl is bigger
than 2 (Feddes et al., 1978).

To deriveET ET, ", the 1999 version of SEBAL (Bastiaanssen et 8198) was applied

to 1000 m spatial resolution MODIS data acquiredldndifferent dates in the winter
growing season of 2005. However due to the coupstiad resolution of MODIS data
(pixels of 100 ha), the outputs represkfitof a mixture of fields. Therefor&T ETlo'l
was defined as ratio oET from each MODIS pixel and the aggregated value
ET,(x,Y;,t)of all components with different crop coefficiemtghin each MODIS pixel.

Since wheat was the dominant winter crop, we asduoresimplicity:

TTp_l(X’ y,t)=ET ETp_l (x,y.t)= mETMODIS(X’ y,t) W
ZETP(Xi’yi 1) A

where ETvopis (X, Y, t) is the ET derived from each MODIS pixelET (x,Y;,t) the

potential evapotranspiration of tif& component within each MODIS pixel; the area
fraction of thei™ component within each MODIS pixeh total number of components
within each MODIS pixel, x is the horizontal ang is the vertical location of each
MODIS pixel. The ET (X, Y ,t) datawere estimated by applying the Penman—Monteith

equation to 250 m spatial resolution MODIS datagshe daily weather

Assimilation of remotely sensed data into the distributed SWAP
model

The assimilation of RS data into the distributed AWmodel was carried out using the
‘updating’ method. In the updating method, intermatiables are continuously updated
whenever an observed data is available. In thidysta simple sequential ‘updating’
algorithm was developed to assimilate the RS dutathe distributed SWAP model:

Xupd(t) = Xsim(t) + K J:X obgt) - X sin(t)] (2)

where X,pd and Xsim are simulated and updated internal variables T.g,™" or LAl
respectively at timé Xons iS measured data either from remote sensing ok dieta, and
Kq is the optimum gain factor which depends on thatred magnitude of errors in
observed and simulated values. To simplify the asampon, in this study we did test
different values oKy to investigate which value performs the best wehpect to the
observations.



Assessment of agricultural drought

Table 1 lists the statistical properties (mean aras) of simulatedY, Yso and total
amount of productioat harvest time of the wheat crop during the adftical year 2004-05 one
and two months in advancéhe total amount of production was calculated bgregation
of simulated yield for all wheat pixels within tlagstrict. Predictions of crop production
through simulation without assimilation two or exa@me month in advance results in high
bias between the statistical data and predictedyateon (4 to 39 %).

Table 1 Prediction (mean and bias) of total dry matter Y, dry matter of crop yield Yso and total
production using distributed SWAP model with and without assimilation at harvest time of the
wheat crop in the Borkhar district during the agricultural year 2004-05. For assimilation, RS
based data of leaf area index LAl and relative transpiration T Tp'1 was used. The predictions were
performed for one and two months in advance. Weather data of a dry, normal and wet year was
used for the unknown weather data of the remained part of the year. Bias are based on deviation
of predictions from statistical data of Y i.e. 4.5 ton ha™ and total production of 63297 ton in the
Borkhar district in percent.

Y (ton ha-1) Yso (ton ha-1) Production (ton)
Method Mean | Bias % Mean value |Bias %
5 25 Dry 13.8 - 4.7 66145 4
g | 22 Normal 14.7 - 5.6 77871 23
2| 55
so| g  Wet 15.4 - 6.3 88147 39
® O
Q >S
S o
53 »s Dy 10.2 - 4.1 56835 -10
®3 55 Normal 10.9 - 4.7 65558 4
2 2 |wet 10.5 - 4.9 68580 8
=}
ol 2 Dry 13.3 - 5.4 75928 20
- = 0
g | 22 Normal 15.9 - 5.7 79777 26
52| ¢ |Wet 15.4 - 6.2 87386 38
25
52
23| g< pry 13.2 - 5.2 73450 16
(@] =
® 3| §5 Normal 15.0 - 5.6 77975 23
= & Wet 14.9 - 6.1 84842 34
(%] =]

Small bias between the statistical data and shenn tprediction (+ 106) using

simulation with assimilation is very promising imegiction of crop production and
assessing the impacts of probable drought one morablvance. Longer forecasting i.e.
two months in advance, only slightly benefited frdata assimilation. The high bias (16
to 38 %) between the statistical data and long feredictions using simulation with or
without assimilation is partly due to the fact ttia¢ effect of nutrient deficiency, pests,



weeds, and diseases on crop growth and its prasfulciive not been implemented in the
present 3.0.3 version of SWAP. Extending the assiion of RS based data into the
simulation will incorporate the sudden reductionYirdue to water and nutrient stress,
pest or diseases attack.

The predictions of final crop production with ortlkout assimilation is significantly
affected by type of weather data i.e. dry or wedryevhich is used in one or two last
months of growing season in the simulations pracess

The predicted production for the agricultural y@@04-05 using distributed simulation
with assimilation of RS basad\l andT T, is higher than the average value of statistical
data in Fig 1. This implies a relatively wet year the agricultural year 2004-05.
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