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2- Uncertainty

3- Dataset

4- Weather Generator

5- Gauge-based

6- Asian Precipitation- Highly-Resolved Observational
Data Integration Towards Evaluation

7- Precipitation Estimation from Remotely Sensed
Information using Artificial Neural Networks

8- Tropical Rainfall Measuring Mission

9- Agricultural Modern-Era Retrospective analysis for
Research and Applications

10- Agricultural Climate Forecast System Reanalysis
11- NASA Goddard Institute for Space Studies

12- Agricultural Model Intercomparison and
Improvement Project
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Figure 1- Watersheds, Agricultural Land and Geographical position of four studied stations of Afghanistan
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Table 1- Geographical characteristics of four studied in-situ stations

Station Elevation (m) Lat. (°E) Long. (°N)
0 iamy gw)! @l o il Job
Kabul
s 1791 34.33 69.13
Herat
y 977 34.13 62.13
ol
Mazar Sharif
N 3910 36.42 67.12
e
Qandahar
s 1010 31.3 65.51
PLLEW

Data retrieved from Afghan Meteorological Authority
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1- Afghan Meteorological Authority
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7- d Index of Agreement
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Figure 2- Comparison of AQMERRA and in-situ Tmin, Tmax and Tmean in Kabul Station with three different temporal
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Figure 6- Comparison of AQMERRA precipitation with in-situ data of Four studied stations in three different temporal scales
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Table 2- Comparison of AQMERRA and in-situ data using d and MBE indices

ol e Hloj gelida MBE d
Station Variable Temporal Scale
Daily 5.1 0.7
Tmax 14 days 5.08 0.73
Monthly 3.94 0.84
Daily 2.77 0.82
Thmin 14 days 3.002 0.87
S Monthly 3.18 0.86
Kabul Daily 0.14 0.85
Tmean 14 days -2.002 0.97
Monthly -3.15 0.98
Daily 3.608 0.94
Precipitation 14 days 4.089 0.81
Monthly 3.66 0.85
Daily -1.1 0.94
Tmax 14 days -1.22 0.97
Monthly -0.96 0.96
Daily 1.07 0.89
Tmin 14 days 13 0.94
Slyn Monthly 119 0.94
Herat Daily -0.04 0.85
Tmean 14 days -0.92 0.96
Monthly -1.8 0.97
Daily -0.29 0.92
Precipitation 14 days 0.11 0.98
Monthly 0.07 0.97
Daily 0.69 0.96
Tmax 14 days 0.83 0.98
Monthly 0.58 0.98
Daily 25 0.86
Thmin 14 days 0.83 0.98
iy yd lje Monthly 2.6 0.91
Mazar Shrif Daily -0.02 0.57
Tmean 14 days -0.24 0.98
Monthly -0.47 0.98
Daily 1.64 0.95
Precipitation 14 days 1.7 0.96
Monthly 1.62 0.97
Daily 1.68 0.88
Tmax 14 days 1.72 0.94
Monthly 1.16 0.92
Daily 3.39 0.85
Tmin 14 days 3.14 0.84
Hlaas Monthly 3.17 0.86
Qandahar Daily 0.17 0.91
Tmean 14 days 1.68 0.87
Monthly 2 0.92
Daily 2.52 0.85
Precipitation 14 days 2.48 0.9

Monthly 2.81 0.87
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Introduction: Climate change (CC) is one of the most important concerns for mankind in the current
century. Increasing CO2 concentration and the proof of the greenhouse effect theory in which the type and
composition of atmospheric gases which influence the earth temperature, are among undeniable facts makes the
future climate change more possible. Impacts of Global warming on hydrological cycles and precipitation
patterns would be more prominent in arid and semi-arid regions of the earth. For the arid and semi-arid nature
and the poverty more fraction of Afghanistan suffer from, it is likely that the impacts of CC on the country will
be more intense. This is while there is no credible and reliant research addressing the impacts of CC on
agriculture and food security sector of Afghanistan. Studying the impacts of CC on agriculture, future changes in
agroclimatic indices and application of crop growth simulation models intensively require a precise and adequate
sets of meteorological data. Because of many reasons, Afghanistan's historical meteorological data coverage is
really weak. In this research the applicability of AQMERRA as a gauge-satellite based dataset for filling the
Afghanistan in-situ meteorological gaps is evaluated via goodness of fit measures, patterns of seasonal changes
and the probability distribution functions.

Materials and Methods: This study is conducted on four major stations of Afghanistan (Kabul, Herat,
Mazar Sharif and Qandahar in the east, west, north and south of the country, respectively) (Fig. 1 and table 1)
which had the best in-situ meteorological data coverage. Observed Maximum (Tmax) and Minimum temperature
(Tmin) and precipitation (PRCP) data is collected via Afghanistan Meteorological Authority (AMA) or other
sources. AQMERRA database downloaded with .nc4 format and extracted with R statistical software or Panoply
ver. 4.8.4, dependently. Then five goodness of fit (GOF) measures (RMSE, NRMSE, MBE, R? and d) are
calculated according to the equations 1 to 5. There are different norms and indices to measure the validity of a
models, some based on Pearson correlation coefficient (R and R?) which indicate the degree of correlation
between observed and predicted data but have some amounts of sensitivity to extreme values (outliers).
Although, many other measures are considered to overcome the weaknesses but it is hard to distinguish the best.

Results and Discussion: The results of this research indicated the good potency, effectiveness and ability of
AgMERRA for gap-filling of in-situ meteorological data and producing spatiotemporal data series. Several
studies in this area have almost the same results. It is reported that AQMERRA is the most applicable dataset for
reflecting precipitation data comparing with ERA-Interim, ERA-Interim/Land and JRA-55 datasets.
Comparisons via NRMSE shows great (>10%) and good (>20%) amounts in all stations and temporal scales.
Among other stations, Mazar Shrif showed the best conformity between AQMERRA and observed data, while
Kabul station had the weakest, probably due to complex topographic situation of the Kabul airport station. The
amounts of R? for predicting temperature (Tmax and Tmin) were more than 0.86 in daily, 14-days and monthly
temporal scales. The lowest amount of the coefficient of determination was obtained at Qandahar station for
Tmean in daily temporal scale (R?=0.8) and the highest amount obtained for daily Tmax at Mazar Sharif station
(R?=0.947). R? for daily PRCP were inadequate, but increasing to adequate amounts in 14-days and monthly
temporal scales. The highest spatiotemporal amount of Tmax,Tmin and Tmean was obtained in daily scale and
the lowest amount was obtained for Tmean (1.8 and 0.9, respectively). The Index of agreement (d), also had
adequate amounts for 14-days and monthly PRCP (>0.87). The amount of MBE for precipitation in Herat, Mazar
Sharif and Kabul stations were negative, while it was positive in Qandahar station with a hot and dry climate.
AgMERRA could show a good compliance with changes of observed seasonal patterns, however, some amount
of over and under-estimates are obvious especially for Kabul station. This compliance with in-situ observed
patterns was acceptable for daily temporal scale, although AQMERRA was unable to predict some of the
fluctuations in probability distribution composition (with the range of 1 °C), especially fot Tmax and Tmin, but
fot Tmean the fluctuations simulated well.
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Conclusion: According to the results of the study, AQMERRA showed an acceptable potency to simulate the
in-situ meteorological data in four major studied stations of Afghanistan. According to the stochastic nature of
PRCP, the variable showed the weakest results in daily temporal scale but acceptable in 14-days and monthly.
Given the weak coverage of in-situ meteorological data of Afghanistan, AQMERRA could be a valid dataset for
producing well scaled spatiotemporal data series to be used in agroclimatic, CC and crop growth modeling

studies.
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