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2- The Modern-Era Retrospective Analysis for Research
and Applications
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Table 1- Characteristics, available weather data period and variables for the meteorological stations
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Tmax, Tmin, Srad, prat and wndspd are maximum temperature, minimum temperature, solar radiation, precipitation and wind speed, respectively
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1- Crop water requirement
2- Cropping System Model-Crop Environment
Resource Synthesis-Wheat
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Table 3- Comparison of AQMERRA versus observed wind speed in the studied areas
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b, m, r?, RMSE, NRMSE and Obs. mean are intercept, slope, coefficient of determination, root mean square error, normalized root
mean square error and observed mean, respectively
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Table 5- Frequency of false wet and false dry days in AJMERRA gridded weather data in the studied areas
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Figure 2- Box plots of simulated crop water requirement during growth season of rainfed wheat using observed weather data
(OWD) and AgMERRA in the studied areas
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Figure 3- Deviation inter-annual coefficient of variation (CV) in crop water requirement/yield simulated with AQMERRA
weather data from long-term average CV simulated entirely with OWD in the studied areas
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Figure 4- Deviation of long-term average crop water requirement/yield simulated with AJMERRA weather data from
longterm average simulated entirely with OWD in the studied areas
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Figure 5- Box plots of simulated yield of rainfed wheat using observed weather data (OWD) and AgQMERRA in the studied
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Introduction: Estimating crop water requirement, crop yield and their temporal and spatial variability using
crop simulation models are essential for analysis of food security, assessing impact of current and future climates
on crop yield and yield gap analysis, however it requires long-term historical daily weather data to obtain robust
predictions. Depending on the degree of weather variability among years, at least 10-20 years of daily weather
data are necessary for reliable estimates of crop yield and its inter-annual variability. In many regions where
crops are grown, daily weather data of sufficient quality and duration are not available. In this way, gridded
weather databases with complete terrestrial coverage are available which require comprehensive validation
before any application. These weather databases typically derived from global circulation computer models,
interpolated weather station data or remotely sensed surface data from satellites. The aims of this study were to
evaluate differences between grided AQMERRA weather data and ground observed data and quantify the impact
of such differences on simulated water requirement and yield of rainfed wheat at 9 different locations in
Khorasan Razavi province.

Materials and Methods: AQMERRA dataset (NASA’s Modern-Era Retrospective analysis for Research and
Applications) was selected as the girded weather data source for use in this study because it is publically
accessible. We evaluated AgQMERRA weather data against observed weather data (OWD) from 9 meteorological
stations (Torbat Jam, Torbat Heydarieh, Sabzevar, Sarakhs, Ghoochan, Kashmar, Gonabad, Mashhad, and
Neyshabour) in Khorasan Razavi province. For each weather variable (solar radiation, maximum temperature,
minimum temperature, precipitation, and wind speed), the degree of correlation and agreement between OWD
and AgMERRA data for the grid cell in which weather stations were located were evaluated. The intercept (b),
slope (m), and coefficient of determination (r?) of the linear regression were calculated to determine the strength
and bias of the relationship, while the root mean square error (RMSE) and normalized root mean square error
(NRMSE) were computed to measure the degree of agreement between data sources. Crop water requirement or
actual crop evapotranspiration (ETc) under standard condition was computed using CROPWAT 8.0. The CSM-
CERES-Wheat (Cropping System Model-Crop Environment Resource Synthesis-Wheat) model, included in the
Decision Support System for Agrotechnology Transfer (DSSAT v4.6) software package was used to calculate
rainfed wheat yield. For each location in this study, rainfed wheat grain yield and water requirement were
simulated using ground-observed and AgQMERRA weather data and outputs were compared with each other.

Results and Discussion: The results of this study showed that AQMERRA daily maximum and minimum
temperature and solar radiation showed strong correlation and good agreement with data from ground weather
stations. AQMERRA daily precipitation had low correlation and good agreement (mean r2= 0.34, RMSE= 2.25
mm and NRMSE= 4.94% across the 9 locations) with OWD daily values, but correlation with 15-day
precipitation totals were much better (mean r2 >0.7 across the 9 locations). There was reasonable agreement
between a number of observed dry and wet days with AQMERRA compared to OWD. Results indicated that
coefficient of variation of simulated water requirement and yield using AQMERRA weather data was remarkably
similar to the degree of variation observed in simulated water requirement and yield using OWD at all locations
(distribution of CVs in simulated water requirement and yield using AQMERRA weather data were within +5%
of the CV calculated for simulated water requirement and yield using observed weather data) except Torbat Jam,
Torbat Heydarieh and Gonabad for water requirement and Mashhad, Kashmar and Ghoochan for yield. There
was good agreement between long-term average yield simulated with AQMERRA weather data and long-term
average yield simulated using observed weather data. For example, the distribution of simulated yields using
AgMERRA data was within 10% of the simulated yields using observed data at all locations. Using AQMERRA
weather data resulted in simulated crop water requirement that were not in close agreement with crop water
requirement simulated with ground station data at two location including Gonabad and Torbat Heydarieh.

Conclusions: These results supported the use of uncorrected AQMERRA daily maximum and minimum
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temperature and solar radiation in areas that their weather stations only have a few years of daily weather records
available or areas without weather station. Considering the advantage of continuous coverage and availability,
use of AQMERRA dataset appears to be a promising option for simulation of long-term average yield and water
requirement, as well as for assessing impact of climate change on crop production and also estimating the
magnitude of existing gaps between yield potential and current average farm yield in Khorasan Razavi province.
But they are not very reliable for accurate simulation of water requirement and yield in a specific year and
estimate their inter-annual variation.
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