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Background and Objectives: Drought is a natural event that faces many
countries with water shortage every year. Arid and semi-arid climate and
improper distribution of rainfall in terms of space and time have increased
the negative effect of water resources in Iran. In the present study, the
meteorological drought condition of the Urmia Lake catchment was
investigated using network data of precipitation, temperature and
evapotranspiration in 10 synoptic stations from 1955 to 2019. For this
purpose, the performance of network data of CRU (Climatic Research
Unit) and GPCC (Global Precipitation Climatology Center) in estimating
climatic parameters using ground data was evaluated. Then, network data
was used to calculate RDI (Reconnaissance Drought Index) and drought
monitoring was observed and analyzed during the statistical period study.

Materials and Methods: The watershed of Urmia Lake is located in the
northwest of Iran in the provinces of West and East Azerbaijan and
Kurdistan, and its western border is the heights of Iran and Turkey. In the
present research, at first, by referring to the Meteorological Organization of
the Iran, the rainfall and temperature data of the studied stations were
received and processed during a period of 65 years (1955-2019). Then, in
order to introduce and use network data for places and times without
statistics, from monthly precipitation data GPCC and (minimum, average
and maximum) temperature components of CRU was used for 10 selected
synoptic stations of Urmia Lake basin during the statistical period. In order
to analyze the long-term drought and calculate the RDI index, the data of
precipitation, temperature and evapotranspiration obtained from the
network data were used.

Results: In this study, two general approaches were used to calibrate the
data used. The first is that all ground data extracted from meteorological
stations are drawn in against the network data and a regression relationship
is fitted to them. In the second, the monthly changes of the network data
are taken into consideration and the calibration is done for each month
separately. Therefore, monthly recalibration was done in all stations for the
available data and the results showed that the calculation error in the CRU
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data for temperature and evapotranspiration was much smaller and the
temperature data values were able to estimate evapotranspiration with less
error and better performance. For example, in Urmia station for ETo
estimation, the value of the RMSE evaluation index between ground and
CRU data is 0.918 mm/ day. While after calibration, this value decreased to
0.671 mm/day. This process of reducing the error between ground data and
CRU has been repeated in all the stations studied. In Piranshahr and Sagez
stations, the estimation of reference evapotranspiration was associated with
more error than other stations. So that the MAE standard in the mentioned
stations before calibration was 1.087 and 0.965 mm/day, respectively, and
after calibration, this index decreased to 0.309 and 0.467 mm/day. In this
section, in addition to statistical indicators, a violin chart was also used to
show the data distribution. In general, it can be concluded that the climate
data obtained from the CRU and GPCC databases show a good agreement
with the time values, but the bias correction in them should always be
considered.

Conclusion: The analysis of droughts in the catchment area of Lake Urmia
indicates that from 1998 to 2019, RDI has more negative values, which
indicates severe drought, and in other words, human activities and climatic
conditions in the region with It faces a crisis. The results of the present
study show the appropriate performance of CRU and GPCC network data
in estimating hydrological parameters and it is recommended to use the
above databases in areas where long-term ground data is not available.
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Figure 1. The location of the studied area and the boundary of Urmia lake basin.
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Table 1. Geographical characteristics of the studied stations.

. . . Longitude of Latitude of

Province Station ':ei:?z\t/;b(orx; Iazit':;ie Lorzogllzt)u de sa?tellite satellite
(°E) °N)
West Azarbaijan Urmia 1315.9 37.66 45.06 45.25 37.75
West Azarbaijan  Piranshahr 14435 36.69 45.147 45.25 36.75
West Azarbaijan Takab 1817.2 36.39 47.098 47.25 36.25
West Azarbaijan Zarineh 2142.6 36.07 46.29 46.75 36.25
West Azarbaijan Mahabd 1351.8 36.75 45.157 45.75 36.75
East Azarbaijan Ahar 1390.5 38.43 47.067 47.25 38.25
East Azarbaijan Thbriz 1361 38.12 46.242 46.25 38.25
East Azarbaijan Jolfa 736.2 38.93 45.6 45.75 38.75
East Azarbaijan Maragheh 1344 37.34 46.146 46.25 37.25
Kurdistan Sagez 1522.8 36.22 46.31 46.25 36.25
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Table 2. Drought classification using RDI index (5).

RDI Values Category
RDI = 2 Very severe wet
1.5<RDI<2 Severe wet
1<RDI<15 Moderate wet
0<RDI<1 Mild wet
—1<RDI<O Mild drought
—-1.5<RDI< -1 Moderate drought

—2<RDI<-15
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Severe drought
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Table 3. Error index values for calculating average monthly Temperature (°C).

After Bias Correction Before Bias Correction

Station
R? KGE MAE RMSE R? KGE MAE RMSE
Urmia 0.985 0.989 0.790 1.082 0.984 0.945 0.963 1.257
Piranshahr 0.924 0.944 1.373 2.301 0.841 0.836 2.485 3.913
Takab 0.988 0.991 0.664 1.034 0.986 0.911 1.031 1.355
Zarineh 0.950 0.964 1.459 2.087 0.931 0.732 3.371 3.892
Mahabad 0.986 0.990 0.673 0.949 0.959 0.699 2.865 3.712
Ahar 0.989 0.992 0.614 0.858 0.984 0.811 1.795 2.174
Tabriz 0.989 0.992 0.706 1.036 0.988 0.75 2.588 2.757
Jolfa 0.993 0.995 0.609 0.884 0.990 0.638 4.001 4.143
Maragheh 0.991 0.994 0.621 0.911 0.989 0.423 4.947 5.046
Sagez 0.981 0.986 0.954 1.294 0.976 0.972 1.168 1.475
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Table 4. Error index values for calculating average monthly evapotranspiration (mm/month).

) After Bias Correction Before Bias Correction
Station
R? KGE MAE RMSE R? KGE MAE RMSE
Urmia 0.82 0.971 0.458 0.671 0.789 0.881 0.601 0.918
Piranshahr 0.933 0.953 0.309 0.419 0.852 0.598 1.087 1.405
Takab 0.896 0.928 0.390 0.617 0.865 0.872 0.569 0.772
Zarineh 0.895 0.927 0.418 0.650 0.832 0.827 0.694 0.860
Mahabad 0.940 0.957 0.323 0.448 0.887 0.850 0.577 0.726
Ahar 0.960 0.972 0.252 0.326 0.936 0.753 0.594 0.782
Tabriz 0.908 0.935 0.379 0.634 0.872 0.869 0.536 0.747
Jolfa 0.973 0.981 0.295 0.432 0.933 0.648 0.534 0.877
Maragheh 0.922 0.945 0.464 0.647 0.874 0.816 0.557 0.74
Sagez 0.945 0.888 0.467 0.745 0.747 0.737 0.965 1.165
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Table 5. Error index values for calculating average monthly Rainfall with CRU data (mm/month).

) After Bias Correction Before Bias Correction
Station
R? KGE MAE RMSE R? KGE MAE RMSE
Urmia 0.764 0.831 8.982 13.454 0.699 0.681 9.495 14.322
Piranshahr 0.656 0.760 21.626 31.423 0.554 -0.228 30.703 48,513
Takab 0.672 0.766 10.726 15.364 0.515 0.698 12.650  18.376
Zarineh 0.268 0.502 16.580 24.106 0.076 0.484 21229  32.398
Mahabad 0.768 0.836 10.689 15.974 0.707 0.813 12.034  17.701
Ahar 0.668 0.774 7.624 10.401 0.612 0.715 10.359  13.887
Tabriz 0.649 0.756 8.271 12.347 0.539 0.688 11558  16.277
Jolfa 0.657 0.758 6.5 9.164 0.454 0.546 12.831  16.301
Maragheh 0.738 0.812 8.916 12.895 0.491 0.707 12.754 17.425
Sagez 0.77 0.836 12.078 19.22 0.715 0.410 14.834 24.53

Table 6. Error index values for calculating average monthl

Rainfall with GPCC data (mm/month).

After Bias Correction

Before Bias Correction

Station
R? KGE MAE RMSE R? KGE MAE RMSE
Urmia 0.938 0.955 4.842 7.219 0.934 0.785 6.09 8.865
Piranshahr 0.777 0.844 16.023 26.173 0.713 0.49 20.863  35.948
Takab 0.757 0.828 8.923 13.559 0.74 0.855 9.165 14.634
Zarineh 0.809 0.865 9.441 14.275 0.778 0.873 9.832 16.150
Mahabad 0.899 0.928 6.249 10.906 0.894 0.942 6.352 11.617
Ahar 0.734 0.817 6.586 9.494 0.733 0.781 8.285 11.707
Tabriz 0.775 0.842 6.481 10.24 0.749 0.847 6.893 10.753
Jolfa 0.662 0.763 6.365 9.135 0.603 0.676 8.896 12.669
Maragheh 0.867 0.912 6.074 9.512 0.856 0.905 6.415 10.158
Sagez 0.898 0.928 7.892 13.247 0.888 0.921 8.459 14.545
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Figure 2. Villon plot of observed values, CRU and GPCC databases before and after bias correction.
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Figure 3. The result of calculation RDI for 6, 9 and 12 month in Mahabad.
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Figure 4. Annual RDI to show drought of the study period in Mahabad.
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