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4- Measured Weather Data
5- Observed Weather Data
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7- The Agricultural Model Inter-comparision and
Improvement Project
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1- Gridded Weather Data or Generated Weather Data

2- National Aeronautics and Space Administration

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

4- The Modern-Era Retrospective Analysis for Research
and Applications

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

6- Climate Prediction Center (CPC) morphing method
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Figure 1- Location of North Khorasan synoptic stations in 0.25 x 0.25 grids of AQMERRA data
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Table 1- Coordinates and some weather parameters of synoptic stations in Northern Khorasan province
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Synoptic Weather data Available weather Elevation from sea Latitude Longitude
Station period parameter level (m) (decimal degree) (decimal degree)
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(S0

Tmax, Tmin, Srad,
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tmaxs
Mane Tmax: Tmin, Srad,
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3)$om
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el
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Tmax, Tmin, Stad, Rhsimay, prat represent maximum temperature, minimum temperature, solar radiation, relative humidity in maximum
temperature and precipitation, respectively
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Figure 2- Validation of daily maximum temperature (T max) 0bserved values of North Khorasan synoptic stations with
AgMERRA data. Solid line: 1:1 line; dotted line: regression line; R, coefficient of determination
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Figure 3- Validation of daily minimum temperature (T,,,) observed values of North Khorasan synoptic stations with
AgMERRA data. Solid line: 1:1 line; dotted line: regression line; R?: coefficient of determination
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Figure 4- Validation of daily solar radiation (srad) observational values of North Khorasan synoptic stations with AQMERRA
data. Solid line: 1:1 line; dotted line: regression line; R?: coefficient of determination
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Figure 5- Validation of daily Relative humidity in maximum temperature (Rhsynax) observational values of North

Khorasan synoptic stations with AJMERRA data. Solid line: 1:1 line; dotted line: regression line; R% coefficient of
determination
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Figure 6- Validation of daily precipitation (prate) observational values of North Khorasan synoptic stations with AQMERRA
data. Solid line: 1:1 line; dotted line: regression line. R?: coefficient of determination
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Figure 7- Validation of monthly precipitation (prate) observational values of North Khorasan synoptic stations with
AgMERRA data. Solid line: 1:1 line; dotted line: regression line. R*: coefficient of determination
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Table 2- Validation of daily maximum temperature (T.) oObservational values of North Khorasan synoptic stations with

AGMERRA
Sl g 8] andllan 390 Sl 85U Ldosls sy , L0,y
Synoptic station  Studied time period  Number of data(N) R d RMSE NRMSE MBE Classification
292 o
Bojnord 1980-2010 10950 077 096 671 135 403 Good
Olaed e
Shirvan 2005-2010 2071 092 099 447 901 06 Great
zo S
Farooj 2007-2010 1142 084 099 431 78 0 Great
RS S
Esfarayen 2007-2010 1430 093 099 385 805 033 Great
Mane Semelghan 2007-2010 1460 089 099 354 776  0.04 Great
¥ il e
Raz -Jargalan 2007-2010 1050 089 099 39 791 01 Great
prl> e
Jajarm 2007-2010 1460 09 099 38 799  -02 Great

AGMERRA U (Jlod oyl 5 Sy g (g0 Rmg! JBlas Ol o an 43 Slaalio diljg, wdlie soumw,lis! -3 Joua
Table 3- Validation of daily minimum temperature (Tyn) observational values of North Khorasan synoptic stations with

AgMERRA data
S o 8] axlllao 3490 Sloj 85L Lodld dlaxs SNa0d,
Synoptic station  Studied time period Number of data (N) R? d RMSE NRMSE MBE Classification
] c
Bojnord 1980-2010 11315 0.73 093 641 12.23 4.62 Good
Olged o>
Shirvan 2005-2010 2071 0.84 096 3.77 7.98 0.26 Great
o S
Farooj 2007-2010 1142 0.67 092 512 8.08 -0.1 Great
Oyl O
Esfarayen 2007-2010 1430 0.86 094 513 11.23 0.49 Good
HiLows Lo Se
Mane Semelghan 2007-2010 1460 0.87 0.98 3.2 7.93 0.11 Great
oMl N
Raz -Jargalan 2007-2010 1049 0.93 093 7.03 15.81 0.61 Good
Pl e

Jajarm 2007-2010 1460 0.88 099 3.18 7.98 0 Great
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o=l Jeols ol ( (S ja bay it (5o )b gleedly M bl 5 oS Sl adllas 340 olSiu] 7 Slialin slaosls
&l AQMERRA sleodly (g jl olgs oo a8 db lis jime} lslgn cLaodly (gyw g g aeMs 55,5 5 el ol oYL
Cle 6y Soaad g (5400 c Judod & o0 ¢ ol lalllas (Lashkari et al., 2016) ,5! > 35 (5,5 Sldlas il o
g odliiwl Jlads yluold bl 056 53 (65)5liS o (Razavi et al., 2018) L.l (Yaghoubi et al., 2020)

Sl Sl Kok aS a8 S plool (Battisti et al., 2019) ;.
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Table 4-Validation of daily solar radiation (Srad) observational values of North Khorasan synoptic stations with AQMERRA

data
S g 8] andllane 3,90 (Sloj 030 Lol dlass SN0d,
Synoptic station  studied time period  Number of data (N) R’ d RMSE NRMSE MBE (Classification
] bgie
Bojnord 1980-2010 10368 0.88 0.96 4.94 27.4 -3.8 Medium
il Lauogie
Esfarayen 2007-2010 1460 0.87 0.98 4.75 26.6 -0.5 Medium
Mane Semelghan 2007-2010 563 0.75 0.97 5.57 32.31 -0.2 Poor
P> Lo
Jajarm 2007-2010 1460 0.87 0.98 5.06 28.85 -0.6 Medium

o313 b (Jlowd Ll Siiygipnnr (S Wolian] fS 10 &)1y 43 )3 cwnd Caghy (Flaalibis diljg; prdlie (2w lisl -5 Jgsor
AgMERRA
Table 5- Validation of daily relative humidity in maximum temperature (Rhsimax) observational values of North Khorasan
synoptic stations with AJMERRA data

S o 8] axlllao 3590 Sloj 03U Lol dlaxs SNa0d,
Synoptic station  studied time period  Number of data (N) R® d RMSE NRMSE MBE Classification

Pl Lo

Bojnord 1980-2010 11315 0.16 -0.16 22.69 23.15 118 medium
BT o
Shirvan 2005-2010 2071 05 092 1915 19.17 162 Good
zo)k o
Farooj 2007-2010 1156 0.45 0.93 17.45 19.55 0.9 Good
o] e
Esfarayen 2007-2010 1430 0.47 0.94 1481 16.83 1.09 Good
ilows 4o Lasgie

Mane Semelghan 2007-2010 1460 0.38 0.9 21.22 23.32 1.86 Medium
oWy i) Lagie

Raz -Jargalan 2007-2010 1043 0.39 091 2033 22.01 1.21 Medium
Pl g

Jajarm 2007-2010 1460 0.49 0.93 15.4 16.92 1.29 Good
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AGMERRA (sodld U Jlowd ylwl 35 Sy g (sW0Rm! (S0 )L Tlaalio ailale g ailjg, mdlie  Sxiw,lic! -6 Joio
Table 6- Validation of daily and monthly precipitation (prate) observational values of North Khorasan synoptic stations with

AgMERRA data
ol | > ibjo;L
) Sl wlie 99 29 5% [EYHERIKEY] EN03
Syno_ptlc Temporal Studle(_j time Number of R? d RMSE NRMSE MBE Classification
station scale period data (N)
3520 «lj, S
Bojnord Daily 1980-2010 11222 0 018 368 6.78 0 Great
25w alale o
Bojnord Monthly 1980-2010 372 0.32 0.88 19.02 16.78 0 Good
Olsyed «lj, S
Shirvan Daily 2005-2010 2190 0.17 0.63 248 8.84 0 Great
Ol wlale e
Shirvan Monthly 2005-2010 71 056 0.82 21.24 14.83 -0.02 Good
zo «lis) oF
Farooj Daily 2007-2010 1235 0.12 055 296 10.46 0 Good
o Aol -
Farooj Monthly 2007-2010 43 059 0.91 16.49 16.26 0 Good
ot alis) S
Esfarayen Daily 2007-2010 1430 0.21 0.66 2.5 9.83 -0.02 Great
Ry alale o
Esfarayen Monthly 2007-2010 48 0.84 0.97 946 13.68 -0.02 Good
olilew aile 4l5g, S
Mane Daily 2007-2010 1446 019 062 297 95245 004 Great
Semelghan
olilew aile alals P
Mane
Semelghan Monthly 2007-2010 48 0.80 0.92 1851 11.86 0.04 Good
ol lig, S
Raz -Jargalan Daily 2007-2010 1025 006 04 4.43 4.74 0.03 Great
oW i) lale S
Raz -Jargalan Monthly 2007-2010 41 0.88 096 1.49 7.53 0 Great
P> «iljg, S
Jajarm Daily 2007-2010 1428 0.17 062 226 7.64 0 Great
Pl alale S
Jajarm Monthly 2007-2010 48 069 091 1251  18.262 0 Good

(o) slld (50Le) MBE 5 (05 Loy (sllas laye (550be yJ) NRMSE (e clasye (553bs ,3) RMSE (38l 1315) O (e c02) R
R? (coefficient of determination); d (Index of Agreement); RMSE (Root Mean Square Error); NRMSE (Normalized Root Mean

Square Error); MBE (Mean Bias Error)
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Introduction

Investigating the effect of climate change on agricultural production in spatio-temporal dimension,

development and use of crop management decision-support tools, supporting and target agronomic research and
policy require a series of accurate and standard meteorological data. The weather station databases are often
regional in coverage, and it can have extensive gaps in station coverage over time. It may also contain errors in
climate records, station coordinates or elevation. While historical observational data are incomplete or not
available in many areas; therefore, gridded weather data are used as an alternative in these areas. An issue is the
agreement of gridded with measured weather data and the degree to which this agreement may influence the
utility of gridded for agricultural research. In this study, the possibility of using AQMERRA data series to fill the
gap of incomplete and missing historical data in seven synoptic meteorological stations in North Khorasan
province in the period (1980-2010) was investigated.

Materials and Methods

Historical daily measured weather data (maximum and minimum air temperature, sunshine hours, relative
humidity, and precipitation) for the 1980 to 2010 period, were obtained from the 7 synoptic weather stations
(Bojnord, Shirvan, Farooj, Esfarayen, Mane-Semelghan, Raz-Jargalan, Jajarm) across Northern Khorasan. The
robustness of AQMERRA dataset was investigated through statistical validation indices including RMSE (Root
Mean Square Error), R? (Coefficient of Determination), d (d Index of Agreement), NRMSE (Normalized Root
Mean Square Error) and MBE (Mean Bias Error).

Result and Discussion

Strong positive correlations were observed between simulated values of maximum and minimum temperature
with observational values (0.81 < r < 0.96). The NRMSE was excellent and good for all stations (7.76 < NRMSE
< 15.81). Overall, the high agreement index (d > 0.92), as well as the small values of the MBE, indicated good
agreement between the observed and predicted data for the maximum and minimum temperature variable. The
solar radiation simulations correlated well with the observed values (0.86 < r < 0.93). The high values for
agreement index were obtained in four stations (0.96 < d < 0.98). But the NRMSE for Bojnourd, Esfarayen, and
Jajarm stations was ranked in moderate class (20 < NRMSE < 30), and weak class for Mane Semelghan station
(NRMSE = 32.31). Other stations (Shirvan, Farooj, and Raz-Jargalan) did not have station observation values for
the radiation variable. AQMERRA had a relatively high ability to simulate the relative humidity variable at
maximum temperature for Shirvan, Farooj, Esfarayen, and Jajarm stations. The agreement index for these
stations was between 0.92 and 0.94, also those NRMSE was ranked in the good class. The coefficient of
correlation (r) between the predicted values with the observational data of the relative humidity at maximum
temperature (Rhsimax) ranged from 0.40 to 0.70. The low r value can be related to the topographic conditions and

low vegetation of these areas. AQMERRA daily precipitation data had excellent NRMSE. Due to the weak
correlation between the predicted daily precipitation data and the observational data, the total monthly
precipitation of each station was examined, which showed better correlation and NRMSE than of the daily
precipitation. Considering the monthly time scale compared to the daily, NRMSE reduced from a high class to a
good class, also a strong correlation was obtained especially for Raz- Jarglan (0.88), Esfarayen (0.84), and Mane
Semolghan (0.80) stations.

Conclusions

AgMERRA gridded dataset for maximum and minimum temperature, solar radiation excluding daily
precipitation and relative humidity at maximum temperature showed high accordance (d> 0.92 and NRMSE
<30%) and strong correlation (0.81 < r < 0.96) with station data in arid, semiarid, temperate, cold and
mountainous areas of North Khorasan province. However, a more strong correlation was obtained when daily
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precipitation data were aggregated into monthly data. In general, the validation results of the AQMERRA
simulated values with 7 synoptic stations indicated its robustness and power to produce meteorological data
series. S0 AQMERRA data series can be used for climate studies, analysis, planning and decision making in
agriculture section in North Khorasan province.
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