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Extended Abstract

Introduction

Drought, a pervasive meteorological phenomenon, is driven by insufficient precipitation and linked to climatic
factors. Its escalating frequency challenges natural resource management, water security, and mitigation efforts.
This complex hazard is categorized into four types: meteorological, agricultural, hydrological, and socio-
economic. Accurate drought monitoring relies on robust indicators, such as the Standardized Precipitation Index
(SPI) and the modified Rainfall Anomaly Index (mRAI), both of which are precipitation-dependent. Acquiring
reliable, spatially representative rainfall series remains a global challenge. The Global Precipitation Climatology
Centre (GPCC) global dataset provides a crucial, quality-controlled, rain-gauge-based resource that addresses this
data scarcity. Given Iran's limited and unevenly distributed rain gauge stations, global datasets like GPCC are
indispensable. Previous research has confirmed the efficacy of the GPCC data in conjunction with the SPI and
mRALI indices for comprehensive spatial and temporal drought analysis. Building on this, this research generates
high-resolution drought severity maps for the Urmia Lake basin across multiple timescales using GPCC monthly
precipitation data and both SPI and mRAI indices. This provides an essential tool for proactive drought monitoring
in this ecologically sensitive, water-stressed region. The Urmia Lake basin, a vital ecological and economic area,
has faced severe and prolonged drought, resulting in a dramatic decline in lake levels, increased dust storms, and
significant socio-economic challenges. The urgent need for accurate and timely drought monitoring is thus
highlighted. Effective monitoring is essential for developing sustainable water management strategies and
mitigating adverse impacts on this vulnerable ecosystem. This research directly addresses this critical need by
providing a substantive approach for informed management.

Materials and Methods

Drought analysis for the Urmia Lake Basin utilized monthly precipitation data from synoptic stations and the
global GPCC dataset. The accuracy of GPCC data in estimating monthly precipitation at the studied synoptic
stations was rigorously evaluated using R%, RMSE, MAE, and PBIAS over the 1991-2020 period. Subsequently,
raster maps of monthly precipitation for the Urmia Lake Basin were prepared using GPCC data for the same period.
Drought severity maps of the Urmia Lake basin were then produced based on SPI and mRAI indices at 1-, 3-, 6-,
9-, and 12-month timescales, using GPCC precipitation data from 1991 to 2020. A comparative analysis identified
critically vulnerable areas across drought severity classes (weak, moderate, severe, and very severe). Furthermore,
the agreement between SPI and mRAI severity classes at different timescales was quantitatively assessed using
the Kappa statistic and Cramer's V coefficient.

Results and Discussion

Evaluation results conclusively demonstrated the acceptable accuracy of GPCC data in estimating monthly
precipitation at all studied synoptic stations (R* = 0.91, RMSE = 10.83). Analysis of the 30 years revealed
consistently the highest average monthly rainfall in the western, southwestern, and southern regions of the basin
across all investigated timescales. A direct comparison of drought index values at the Urmia and Tabriz stations
revealed strong concordance between the SPI and mRAI indices at timescales of 3, 6, 9, and 12 months.
Quantitatively, Kappa and Cramer's V coefficient values at these timescales across all stations were notably high:
0.851 and 0.837 (3 months), 0.863 and 0.847 (6 months), 0.867 and 0.850 (9 months), and 0.929 and 0.912 (12
months), respectively. These robust statistical measures confirm a significant relationship between the SPI and
mRALI drought indices for assessing drought conditions at both individual and collective stations across varying
timescales. Importantly, SPI-3 and mRAI-3 indices identified moderate drought affecting most areas of the Urmia
Lake Basin in October 1995, 2001, and 2002; from October to December 2010; and in October and November
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2019. Furthermore, based on SPI-6 and mRAI6 indices, the entire Urmia Lake basin experienced mild to severe
drought, with extreme drought in localized regions, from October to November of the mentioned years (excluding
December 2002).

Conclusion

The accuracy of GPCC data for monthly precipitation estimation at Urmia Lake Basin synoptic stations is
confirmed. This validates GPCC as a foundational dataset for calculating SPI and mRAI drought indices at 3-, 6-,
9-, and 12-month timescales, enabling detailed delineation of drought severity zones across the basin (1991-2020).
A critical finding is the consistent strong agreement between SPI and mRAI indices across different timescales,
demonstrated by index value comparisons. High Kappa and Cramer's V coefficients further substantiate this
correlation in drought class identification. Essentially, the spatial distribution of drought severity, as measured by
both SPI and mRAI (at 3, 6, 9, and 12-month timescales), shows a compelling agreement throughout the 1991—
2020 period. Despite the utility of the GPCC data, potential estimation errors from synoptic stations necessitate
rigorous calibration using advanced methods, such as linear and quantile regression. Given GPCC's 0.25-degree
spatial resolution, future research should downscale this dataset, e.g., via geographically weighted regression, to
identify finer-resolution drought zones, which is crucial for localized water resource management in the Urmia
Lake basin.
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Table 2. The classification of drought severity based on SPI and Mrai

Severity Class

Original SPI (McKee et al.,

Original RAI (Van-Rooy, SPI and Mrai (Hénse et al.,

1993) 1965) 2016)

Without Drought >-0.5 >-0.5 >-0.5
Mild Drought -1.0<SPI<-0.5 -1.0<RAI<-0.5 -0.99 t0 -0.5
Moderate Drought -1.5<SPI<-1.0 -2.0<RAI<-1.0 -1.49 to -1.00
Severe Drought -2.0<SPI<-1.5 -3.0<RAI<-2.0 -1.99 to -1.50

Extreme Drought <-2.0 <-3.0 <-2.0
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Table 3. Statistical evaluation of GPCC monthly precipitation data at the studied synoptic stations

Station R? MAE (mm) RMSE (mm) PBIAS (%)
Mahabad 0914 7.345 12.377 13.014
Maragheh 0.951 4.142 6.116 7.966

Saghez 0.936 7.901 12.627 11.972

Sarab 0.864 5.995 8.677 17.029

Tabriz 0912 4.451 6.239 -2.342

Takab 0.868 6.922 10.576 8.445

Urmia 0.901 7.471 10.587 17.335

Total 0913 6.318 9.915 10.835
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Figure 3. Spatial variability of the parameters used in the calculation of SPI and mRALI indices at various timescales
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Figure 4. SPI and mRAI values at Urmia station from 1991 to 2020 at various timescales
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Figure 6. The percentage of detected drought classes at the basin scale based on SPI and mRAI indices at various timescales
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Table 4. The Kappa and Cramer's V statistics based on the frequency of classes at SPI and mRALI indices at various timescales

Timescale Station Kappa Cramer's V
Mahabad 0.938 0912
Maragheh 0.948 0.931
Saghez 0.895 0.873
3-month Sarab 0.963 0.950
Tabriz 0.948 0.947
Takab 0.984 0.978
Urmia 0.984 0.980
Urmia Lake Basin 0.851 0.837
Mahabad 0.888 0.868
Maragheh 0.962 0.955
Saghez 0.952 0.953
6-month Sarab 0.898 0.896
Tabriz 0.873 0.853
Takab 0.816 0.794
Urmia 0.913 0.881
Urmia Lake Basin 0.863 0.847
Mahabad 0.921 0.926
Maragheh 0.912 0.894
Saghez 0.927 0.926
9-month Sarab 0.749 0.737
Tabriz 0.823 0.815
Takab 0.904 0.880
Urmia 0.958 0.957
Urmia Lake Basin 0.867 0.850
Mahabad 0.791 0.733
Maragheh 0.786 0.805
Saghez 0.731 0.704
12-month Sara}) 0.606 0.640
Tabriz 0.698 0.701
Takab 0.788 0.780
Urmia 0.977 0.969
Urmia Lake Basin 0.929 0914
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Figure 7. Spatial distribution of drought severity based on the SPI-3 index at the basin scale
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Figure 8. Spatial distribution of drought severity based on the mRAI3 index at the basin scale
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Figure 9. Spatial distribution of drought severity based on the SPI-6 index at the basin scale
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Figure 12. Spatial distribution of drought severity based on the mRAI9 index at the basin scale
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Figure 11. Spatial distribution of drought severity based on the SPI-9 index at the basin scale
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Figure 14. Spatial distribution of drought severity based on the mRAI12 index at the basin scale
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Figure 13. Spatial distribution of drought severity based on the SPI-12 index at the basin scale
46°E 43°E 46°E 48°E 46°E 48°E 46°E 48°E 46°E 48°E 46°E 48°E
z Z Z £ z z z
z z z z z Zz z
Oct 1995 Nov 1995 Dee 1995 Oct 2002 Nov 2002 Dec 2002
46°E 46°F 460°E 46°F 46 40°F
z z 7 z z z z
z z z z £ z z
Oct 1999 Nov 1999 Dec 1999 Oct 2010 Nov 2010 Dec 2010
46°E 46°F 46°F 46°F 46°F. 16°F
z s z 7 z z z
z Lz Lz Lz Lz L Lz
] 2 g ] 3 8 2
Oct 2001 Nov 2001 Dec 2001 Oct 2019 Nov 2019 Dec 2019
40°F WE 46°E 46°E 46°E a6°E
| 0 135 270 540 Km



FYY G ¥0) Oloxino  £0 € Jlo o 5)lows 0 593 [STa g Of Cag pato 9 55 lurdbo & i /3], o 5 yg9,530

YV

2815020 Jlo polwd b palgs )5 o Jbs opl b ol )55l
085k 3 asg> Sl (g3g45e (JiS 53 (Niased upS V0
Gl 3935 5 lhwgio Siused | Sl aS syl )15 /AL
el Jo ] 53 o oo g ol Lyl 3B L cladlate
cely S5 Folia S 55 4l inlS b il (sloi
Ekpetere ) saad olis  Jglae ,ldy SPI g mRAI &S 24
Gglate  Slasbro sl yby Jdddy wolas oyl (et al., 2025
Sy oy alyus 4 |y mRAT & ccaol (aslis 43 oy

S o Sl Jloy @i 40 1y SPT g o)l (Slej

9 SPL (oot ld (o (g (Sansod 00 sladilds

(V0 JS5) wloas &3l g ags amle VY Sloj wlide > mRAI
Gl polwd U pely slaole o & sad 0 i s
Fobe )0 (Sumed G po Hlade YoV 5 Vo Ve (Feo¥ N
s ey 359 Sl polis ol el <R SV adso
Kinlod 4 Slg5 oo &5 Cunl joSde JaSld 93 (o Cute 9 595
ool > lapasls ol Gt 5 s slagSll o a5 48
Gladlas claddl b asecs cpl Dgb 00y s 005,53 Sloj
« Hinsel et al., 2016 4 Raziei (2021) dlos ;| alis
lodyS” o)l 1, mRAI g SPI o +/% YU Siuon

I8N
A
T
3N

36°N
1
T
36°N
T
36°N

Nov 1995 Dec 1995

T
38N

T
36°N

Oct 2002

T T
46°E 46°E

T v
46°F. 46°E

T
38N

T
RN

T
38°N

z z Z Z z
Nov 1999 Dec 1999 Oct 2010
46°F 46°E 46°E 46°E 46°E 46°F
z z z z Z| z z
&4 Fi M M M Foe M
3 = H & 2 &
z z 7z = z| z =z
Oct 2001 Nov 2001 Dec 2001 Oct 2019 Nov 2019 Dec 2019

4h‘°T‘, 4?\‘"]' N 4(:“t
0 137.5
|

275
4

T T T
46°E 46°E 46°E
550 Km
N

[ O N .
0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-1
mMRAI-12 ¢ SPI-12 (g 1ad Wi o ygm yd (Somnod ot g — Y0 IS5

Figure 15. Pearson correlation coefficient between the SPI-12 and mRAI-12 indices
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