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Extended Abstract

Introduction

Drought is a climatic anomaly that results from long-term disruptions in the components of the water balance. This
phenomenon has both direct and indirect adverse impacts, with water resources being the most severely affected.
Water scarcity and its associated challenges are recognized as among the most critical and urgent global crises.
Although drought cannot be prevented, understanding its nature and characteristics enhances the potential for
partial prediction and, through preparedness and planning, helps reduce (and, where possible, control) its
detrimental effects. Therefore, greater attention must be paid to drought and to identifying the key factors
influencing it across different regions, particularly in vulnerable countries such as Iran, which faces growing water
scarcity. The increasing need to understand drought and its consequences has motivated extensive global research
aimed at developing various drought indices. Among these, the Reconnaissance Drought Index (RDI), is one of
the most notable.

Materials and Methods

In this study, daily observational data from nine synoptic stations covering a 30-year period (1991-2020) were
obtained from the Iran Meteorological Organization to estimate potential evapotranspiration and the RDI index.
These stations were selected so that each represents one of Iran’s major climatic groups. In this research, the
performance of six temperature-based models and three radiation-based models for estimating potential
evapotranspiration was evaluated. The primary goal of the analysis was to identify which of these simplified
approaches provided results most consistent with the FAO Penman—Monteith (FAO-56 PM) model, which is
widely recognized as the standard reference method.

Results and Discussion

Evaluation of Daily Potential Evapotranspiration Models

The results indicated that the performance of evapotranspiration models is strongly influenced by the climatic
conditions of each region. For example, the Blaney—Criddle model performed best in certain climates, while the
same model showed lower accuracy in others. This finding is consistent with previous studies, which have
emphasized the role of climatic factors in drought monitoring. Moreover, the variability in model performance
across different regions further underscores the need to evaluate and select models that are appropriate for the
specific climatic conditions of each area. This observation also aligns with previous findings, which stressed the
importance of model adaptability to local conditions. Overall, it can be concluded that choosing the appropriate
model for estimating evapotranspiration is a crucial step in drought studies and water resource management and
must be carried out with careful consideration of each region’s climatic characteristics.

Evaluation of Monthly Potential Evapotranspiration Models

Overall, the results demonstrate that, similar to the daily scale, temperature-based models do not exhibit uniform
behavior across different climates at the monthly scale. A model may perform exceptionally well in one climate
while ranking among the weakest in another. These differences highlight the necessity of considering climate type,
geographical characteristics, the study period, and careful model selection in climatological research.

Assessment of Drought Using the 6- and 12-Month RDI Indices for Optimal Models at Selected Stations

The overall findings of this study indicate that at the 6-month timescale, the frequency of drought and wet periods
is higher, whereas at the 12-month timescale, their frequency decreases, but their persistence increases. This result
confirms previous studies that examined meteorological, agricultural, and hydrological drought indices in the
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Mabhabad plain. Furthermore, based on the results of the present study, the 12-month RDI was identified as a more
suitable timescale for monitoring drought and wet periods, which is consistent with previous studies.

Conclusion

Frequent drought events and the significant damage they cause in various sectors, including agriculture, the
environment, socio-economic sectors, and other areas, have made this phenomenon one of the fundamental
challenges in different regions of the world. The present study aimed to evaluate the performance of different
potential evapotranspiration models and their influence on the RDI drought index across diverse climatic zones,
using 30 years (1991-2020) of data from nine synoptic stations representing nine distinct climate types in Iran
(BSh, BSk, BWh, BWk, Cfa, Csa, Csb, Dsa, Dsb). The evaluation of nine evapotranspiration models showed that
their performance is strongly affected by the climatic characteristics of each region. For example, the Droogers—
Allen model performed best in cold semi-arid (BSk), Mediterranean temperate with warm summers (Csb), and
cold climates with dry, warm summers (Dsb), whereas the same model exhibited poor performance in hot semi-
arid climates (BSh) and several other regions. In the drought analysis section, comparison of the 6- and 12-month
RDI indices revealed that although both timescales confirm the occurrence of frequent droughts during most of
the study period, the 12-month RDI was identified as the more suitable scale for drought monitoring and analysis
in Iran. This is due to its ability to filter out short-term fluctuations and better reflect the persistence of drought
periods.
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Region Climate Type Symbol Representative Station Longitude Latitude

1 Hot Semi-Arid BSh Shiraz 52.6 29.53

s Tabriz 46.28 38.08

2 Cold Semi-Arid BSk Mashhad 59.63 36.24

Zahedan 60.9 29.47

3 Hot Desert BWh Ahvaz 48.74 31.34

Cold Desert BWk Esfahan 51.66 32.61

5 Warm Temperate with Hot Cfa Ramsar 50.66 36.9
Summers

6 Temperate with Very Hot Csa Qazvin 50.05 36.25

Summers Kermanshah 47.15 34.35

7 Temperate with Hot Summers Csb Ardebil 48.56 38.39

8 Snowy with Very Hot Summers Dsa Bijar 47.61 35.88

9 Snowy with Hot Summers Dsb Abali 51.88 35.75
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Table 2. Performance indicators of daily PET estimation models compared to the FAO-Penman-Monteith model

. N Daily evapotranspiration estimation models

Staion Evaluation indicators S DAl Aller Dorjip Imak__ B-C___ P-T___ Makkink

RMSE 1.29 1.51 1.39 1.26 1.89 0.83 2.09 2.70

Shiraz MAE 1.02 1.21 1.13 0.91 1.43 0.66 1.63 2.25

R? 0.76 0.76 0.77 0.78 0.77 0.91 0.78 0.80

d 0.90 0.88 0.89 0.86 0.65 0.96 0.67 0.58

RMSE 1.23 0.12 0.12 2.02 241 1.15 2.61 3.19

Tabriz MAE 0.80 0.74 0.74 1.37 1.67 0.98 1.92 249

R? 0.84 0.85 0.85 0.83 0.76 0.96 0.80 0.82

d 0.93 0.94 0.94 0.76 0.64 0.95 0.66 0.58

RMSE 1.04 1.03 1.03 1.77 2.30 1.10 2.51 3.07

Mashhad MAE 0.76 0.75 0.77 1.24 1.67 0.82 1.86 2.40

R2 0.96 0.96 0.96 0.95 0.18 0.95 0.94 0.82

d 0.94 0.95 0.95 0.80 0.63 0.92 0.66 0.59

RMSE 1.74 1.64 1.61 2.75 341 1.81 3.72 4.32

Zahedan MAE 1.26 1.20 1.17 2.23 2.83 1.57 3.23 3.83

R? 0.61 0.61 0.63 0.64 0.65 0.88 0.66 0.68

d 0.85 0.87 0.87 0.65 0.55 0.85 0.55 0.50

RMSE 1.90 1.93 1.89 2.83 3.73 1.57 3.94 4.57

Ahvaz MAE 141 1.48 1.44 1.92 2.65 1.08 2.93 3.58

R2 0.91 0.91 0.91 0.92 0.18 0.97 0.91 0.72

d 0.89 0.90 0.89 0.70 0.56 0.93 0.58 0.53

RMSE 1.06 1.09 1.05 1.96 2.68 0.43 2.95 3.54

Esfahan MAE 0.77 0.80 0.77 1.51 2.08 1.26 242 3.00

R? 0.82 0.82 0.82 0.82 0.77 0.93 0.78 0.81

d 0.94 0.93 0.95 0.77 0.62 0.91 2.62 0.56

RMSE 0.79 0.93 1.13 0.45 0.69 0.27 0.44 0.86

Ramsar MAE 0.63 0.75 0.95 0.36 0.61 0.22 0.31 0.69

R? 0.84 0.85 0.85 0.84 0.77 0.96 0.80 0.82

d 0.88 0.85 0.81 0.93 0.85 0.98 0.94 0.75

RMSE 1.52 1.75 1.65 0.89 1.25 0.65 1.31 0.93

Qazvin MAE 1.17 1.34 1.31 0.61 0.87 0.52 0.94 1.49

R? 0.77 0.77 0.77 0.76 0.70 0.91 0.72 0.74

d 0.86 0.84 0.84 0.92 0.76 0.97 0.77 0.63

RMSE 1.14 1.25 1.15 1.75 2.50 1.22 2.74 3.29

Kermanshah MAE 0.84 0.93 0.87 1.24 1.81 1.02 2.09 2.65

R2 0.95 0.95 0.95 0.95 0.18 0.98 0.93 0.79

d 0.95 0.94 0.95 0.82 0.62 0.93 0.63 0.57

RMSE 7.67 7.51 8.34 9.18 9.54 7.88 1.34 1.74

Ardebil MAE 1.05 1.16 1.21 0.79 0.94 1.63 0.86 1.28

R? 0.66 0.67 0.46 0.21 0.05 0.65 0.99 0.99

d 0.59 0.62 0.46 0.21 0.07 0.61 1.00 0.99

RMSE 1.44 1.40 1.36 1.99 2.31 1.30 2.52 3.05

Bijar MAE 1.00 0.98 0.95 1.38 1.65 1.08 1.48 2.37

R? 0.71 0.71 0.71 0.71 0.65 0.91 0.68 0.71

d 0.90 0.90 0.91 0.75 0.62 0.92 0.64 0.58

RMSE 0.85 0.81 0.80 1.20 1.34 0.88 1.46 1.99

Abali MAE 0.57 0.56 0.57 0.82 1.00 0.87 1.01 1.51

R? 0.82 0.82 0.82 0.81 0.74 0.94 0.78 0.81

d 0.94 0.95 0.95 0.84 0.75 0.95 0.76 0.64
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Table 3. The best method for estimating daily PET in each climatic region, based on the lowest RMSE and the highest d value

Climate Stations Temperature-based models Radiation-based models The best final model
. Best : Blaney-Criddle Best : Irmak .
BSh Shiraz Worst : Droogers — Allen Worst : Makkink Blaney-Criddle
. Best : Droogers — Allen , Allen Best : Irmak
Tabriz Worst : Dorji Worst : Makkink Droogers — Allen Allen
BSk
Best : Droogers — Allen , Allen Best : Irmak
Mashhad Worst : Dorji Worst - Makkink Droogers — Allen Allen
Best : Allen Best : Irmak
BWh Zahedan Worst : Dorji Worst : Makkink Allen
Ahvaz Best : Blaney-Criddle Best : Irmak Blaney-Criddl
Worst : Dorji Worst : Makkink ey ¢
Best : Allen , Hargreaves — Samani Best : Irmak Allen
BWk Esfahan Worst : Dorji Worst : Makkink Hargreaves — Samani
Best : Blaney-Criddle Best : Priestley-Taylor .
Cfa Ramsar Worst : Droogers — Allen Worst : Makkink Blaney-Criddle
. Best : Blaney-Criddle Best : Irmak .
Qazvin Worst : Droogers — Allen Worst : Makkink Blaney-Criddle
Csa -
Kermanshah Best : Hargreaves — Samani Best : Irmak Harer _ Samani
crmansha Worst : Dorji Worst : Makkink argreaves — Sama
: Best : Droogers — Allen Best : Priestley-Taylor .
Al 1l _
Csb rdebi Worst : Dorji Worst : Irmak Priestley-Taylor
.. Best : Blaney-Criddle Best : Irmak .
Dsa Bijar Worst : Dorji Worst : Makkink Blaney-Criddle
Dsb Abali Best : Allen , Droogers — Allen Best : Irmak Allen

Worst : Dorji

Worst : Makkink Droogers — Allen
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Figure 3. Monthly variations of ET calculated using the FAO Penman-Monteith method for selected stations during the period
1991-2020.
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Table 4. Performance indicators of monthly PET estimation models compared to the FAO-Penman-Monteith model
Stations Evaluation indicators W H-S D-Al Allen Dorji Irmak B-C P-T Makkink
Shiraz RMSE 66.60 18.20 | 15.30 1490 | 59.40 | 50.40 33.20 | 45.40 | 49.90
MAE 61.60 12.90 | 11.70 11.10 | 48.90 | 38.40 2490 | 37.20 | 40.20
R2 0.88 0.95 0.95 0.96 0.96 0.92 0.98 0.96 0.97
d 0.82 0.98 0.99 0.99 0.77 0.80 0.96 0.87 0.83
Tabriz RMSE 74.70 51.20 | 43.50 | 43.30 | 81.10 | 64.30 18.40 | 60.60 | 70.00
MAE 68.00 38.40 | 31.40 | 29.80 | 60.40 | 44.60 15.80 | 46.40 | 53.20
R2 0.98 0.96 0.96 0.95 0.93 0.87 0.99 0.94 0.96
d 0.81 0.89 0.93 0.92 0.71 0.80 0.99 0.85 0.79
Mashhad RMSE 69.30 4090 | 3320 | 35.00 | 75.60 | 62.50 22.60 | 58.50 | 65.00
MAE 62.10 28.40 | 22.60 | 24.20 | 55.20 | 44.20 17.70 | 44.10 | 49.30
R2 1.00 0.99 0.99 0.98 0.98 0.96 1.00 0.98 0.99
d 0.80 0.90 1.00 0.90 0.70 0.80 1.00 0.90 0.80
Zahedan RMSE 93.60 5590 | 44.80 | 47.80 | 61.30 | 63.70 19.90 | 63.80 | 62.80
MAE 81.50 51.20 | 40.60 | 42.90 | 52.40 | 52.70 17.10 | 57.10 | 54.40
R2 0.93 0.95 0.95 0.95 0.95 0.90 0.98 0.93 0.95
d 0.57 0.86 0.91 0.89 0.64 0.65 0.99 0.68 0.67
Ahvaz RMSE 111.00 | 67.10 | 60.50 | 61.50 | 70.10 107.50 | 31.80 | 97.00 | 106.00
MAE 91.10 54.40 | 50.50 | 50.70 | 56.00 | 81.60 24.80 | 77.80 | 84.90
R2 0.84 0.92 0.92 0.93 0.94 0.94 1.00 0.98 0.99
d 0.72 0.87 0.90 0.89 0.67 0.66 0.98 0.73 0.69
Esfahan RMSE 0.93 37.50 | 28.00 | 30.90 | 81.10 | 72.20 22.80 | 70.80 | 74.40
MAE 78.80 31.30 | 22.20 | 24.70 | 68.30 | 56.90 18.70 | 61.30 | 63.20
R2 091 0.96 0.96 0.96 0.96 0.91 0.99 0.95 0.97
d 0.73 0.94 0.97 0.96 0.72 0.74 0.99 0.78 0.75
Ramsar RMSE 18.90 8.90 11.20 17.60 16.10 | 21.90 8.20 11.50 15.40
MAE 16.20 6.90 8.80 14.80 11.20 18.60 6.50 9.30 11.80
R2 0.91 0.95 0.95 0.95 0.92 091 0.99 0.97 0.96
d 0.96 0.99 0.98 0.95 0.94 0.92 0.99 0.98 0.95
Qazvin RMSE 0.47 11.40 18.10 16.20 | 37.50 | 26.90 2740 | 2450 | 31.70
MAE 44.20 8.50 13.60 12.80 | 28.30 | 20.80 21.80 18.20 | 24.50
R2 0.95 0.98 0.98 0.98 0.96 0.92 0.99 0.89 0.98
d 0.87 0.99 0.98 0.98 0.89 0.94 0.97 0.96 0.93
Kermanshah RMSE 78.00 16.60 | 24.00 | 20.80 | 70.00 | 68.50 22.00 | 67.60 | 70.10
MAE 73.10 12.40 18.00 15.10 | 54.80 | 49.10 17.70 | 53.80 | 56.70
R2 0.99 0.99 0.99 0.99 0.99 0.96 1.00 0.98 0.99
d 0.79 0.99 0.98 0.98 0.76 0.75 0.99 0.79 0.77
Ardebil RMSE 38.23 12.50 15.30 16.30 | 9.24 16.40 17.00 16.60 | 22.40
MAE 32.75 9.80 12.20 13.00 15.50 13.40 14.10 12.60 | 18.90
R2 0.97 0.94 0.94 0.94 0.92 0.89 0.98 0.92 0.95
d 0.82 0.98 0.98 0.97 0.91 0.97 0.98 0.97 0.93
Bijar RMSE 0.82 4570 | 38.60 | 37.80 | 73.10 | 55.30 2340 | 53.60 | 59.20
MAE 74.40 37.50 | 31.00 | 28.90 | 58.20 | 41.40 20.10 | 41.80 | 46.50
R2 091 0.93 0.93 0.93 0.93 0.84 0.99 091 0.94
d 0.74 0.91 0.93 0.93 0.73 0.82 0.98 0.86 0.82
Abali RMSE 64.20 37.30 | 37.30 | 27.80 | 54.10 | 31.50 29.60 | 27.00 | 34.90
MAE 56.50 30.40 | 3040 | 20.70 | 41.10 | 25.00 27.10 19.30 | 25.50
R2 0.95 0.97 0.97 0.96 0.95 0.88 0.99 0.95 0.96
d 0.78 0.90 0.90 0.94 0.76 0.91 0.93 0.95 091

M Jaeo B-C (Slopl Jio :dIrmak ¢ >,95 Jio Dorji ¢)1 Jso :Allen ¢)-;,59,5 Jao D-Al ¢ Sbolw jo,5,la Jao (H-S wuly iy Jho TW?

Thomas et ) 356 0 Cowze JluSis (il slp ol

[al., 2016; Adnan et al., 2018
IS j5 anle VY 9 £ RDI (sla jad L duwlxe jl Juols pols
Sblodes w8l Banles) s oius] > cul sl &l ¥
YA s 5o &S wed o Ui anle RDI 6 2dls (p )5
i Yook Jlo o)1 5l a9 03l &) s JluSis
b awlio .ol o3y olaidl 3gs 4 1) (gylol 3,95 JluSiss
4 )81 s o lis oS! ek jd dalo RDI 12 sl
Jho 53 Lol e oy MalS” ol 90 3 JLuizs sy

iSlo Jae Makkink g sl — sy Jdo P-T ¢ Jy S

RDI asli 3l ool U JUuSiis owym oS
o (sl ! diats s adlo VY 9T
SaJse dSles (b))l & agh cul (ol Ban 4y a2 L
PRDI (ot o ol b g Joudlty (55 5 e ciliseo
P alo Yo il 5 K2 55wl glal 05505 (slaell
ol bl s eolatwl dale VY 4 £ RDI gla s li
Ol &S CB8 g i Slilas olul o asls
I3 ctioia Ll (3 i 3 L RDI a3l sias o



£4 e b (JUSdS Gl )3 Al SR J0 22,8 9 Jawnsily 5,55 9 pd ST 3, 8as (2L 5]

«“ale £ RDI ua.>l.w 2 ‘Jl> Q”] b R N uL.uJ l) YeoA
2 Gl 039 olyor (5000 s JlSiS L VWY o
calises glacad b JWSis 50 oy 3y50 sl oyl

Lol 0dg uL»y Pl

Do o odalie whis 50 » (cnid JlSis YVeeA
P b JLSis 55V W o Ve Ve gl jd eyl yo9Me
hlodass w8l 8u5Les) 530 oiun] )5 .l 001y &5 dilats
J was JSis dalo VY 57 RDI (23ld 90y o3y

d Jladio 'y 5 i g RMSE ,ludo oy 5 oS (wlw! p ¢ conddl dilaio ;2 (5lys ailalo PET 35915 (g oy pe —0 Jgu>
Table S. The best method for estimating monthly PET in each climatic region, based on the lowest RMSE and the highest d value

Climate Stations Temperature-based models Radiation-based models The best final model
. Best : Allen Best : Priestley-Taylor
BSh Shiraz Worst : torenth Worst : Irmak Allen
. Best : Blaney-Criddle Best : Priestley-Taylor .
BSk Tabriz Worst : Dorji Worst : Makkink Blaney-Criddle
Best : Blaney-Criddle Best : Priestley-Taylor .
Mashhad Worst : Dorji Worst : Makkink Blaney-Criddle
Best : Blaney-Criddle Best : Makkink .
BWh Zahedan Worst : Droogers — Allen Worst : Priestley-Taylor Blaney-Criddle
Ahva Best : Blaney-Criddle Best : Priestley-Taylor Blanev-Criddle
vaz Worst : torenth Worst : Irmak y
Best : Blaney-Criddle Best : Priestley-Taylor .
BWk Esfahan Worst : torenth Worst : Makkink Blaney-Criddle
Best : Blaney-Criddle Best : Priestley-Taylor .
Cfa Ramsar Worst : torenth Worst : Irmak Blaney-Criddle
Qazvin Best : Hargreaves — Samani Best : Priestley-Taylor Harereaves — Samani
Csa v Worst : torenth Worst : Makkink greav
Kermanshah Best : Hargreaves — Samani Best : Priestley-Taylor Harereaves — Samani
Worst : torenth Worst : Makkink greav
. Best : Hargreaves — Samani Best : Irmak .
Csb Ardebil Worst - torenth Worst : Makkink Hargreaves — Samani
.. Best : Blaney-Criddle Best : Priestley-Taylor .
Dsa Bijar Worst : torenth Worst : Makkink Blaney-Criddle
Dsb Abali Best : Allen Best : Priestley-Taylor Priestley-Taylor

Worst : torenth

Worst : Makkink
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Figure 4. Drought assessment using different indicators
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