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Objective: Drought is recognized as one of the most widespread, frequent, and
significant natural hazards globally, and particularly in Iran. Accordingly,
continuous monitoring of drought is essential as a critical tool for effective
management and mitigation of its impacts. In past decades, drought analysis has
predominantly been descriptive; however, contemporary approaches emphasize the
use of precipitation-based indices to enable quantification, precise evaluation, and
efficient monitoring of this phenomenon. The present study aims to monitor drought
conditions in Yazd Province using two precipitation-related indices: the Percentage
of Normal Precipitation Index (PNPI) and the Standardized Index of Annual
Precipitation (SIAP).

Method: Methodologically, the research is applied in nature and employs a
descriptive-analytical approach. Annual precipitation data from 11 synoptic stations
across the province over 25 years (2000-2024) were utilized as the statistical
population of the study. In the implementation phase, following data preparation
and validation tests, the selected indices were calculated for each station within the
study period. Subsequently, various interpolation methods were assessed within the
ArcGIS environment, and the Inverse Distance Weighting (IDW) technique was
identified as the optimal method. Using this approach, spatial zoning maps for the
PNPI and SIAP indices were generated and analyzed.

Results: The analysis of the maps and corresponding data revealed that the years
2002, 2008, 2013, 2014, 2019, and 2020 experienced the most severe drought
conditions across the province. In contrast, the years 2001, 2007, 2015, 2021, 2022,
and 2023 were characterized by more favorable conditions, with the absence of
drought in most regions.

Conclusion: Based on Spearman’s correlation test, a strong and direct relationship
was observed between the PNPI and SIAP indices and the amount of precipitation.
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Introduction

Drought is one of the most pervasive and impactful natural hazards globally, especially in
arid and semi-arid regions such as Iran. Its complex and gradual nature, along with its far-
reaching socio-economic and environmental consequences, underscores the need for accurate
monitoring and evaluation. Over the past decades, traditional drought analyses have primarily
relied on descriptive assessments. However, with advancements in data processing and
geospatial technologies, the utilization of quantitative, precipitation-based indices has become
essential for effective drought monitoring and early warning systems.

This study focuses on the central province of Yazd, which is highly vulnerable to drought
due to its low annual precipitation and desert climate. The main objective is to monitor and
evaluate drought patterns across the province using two key precipitation-based indices: the
Percent of Normal Precipitation Index (PNPI) and the Standardized Annual Precipitation Index
(SIAP). By applying geostatistical interpolation methods in GIS, particularly the Inverse
Distance Weighting (IDW) method, this research aims to provide spatially distributed drought
maps, identify temporal trends, and assess the correlation of these indices with precipitation
records. The results are intended to support regional water resource management and strategic
planning for climate adaptation.

Method

This applied research adopts a descriptive-analytical approach to monitor drought
conditions across Yazd province over 25 years (2000-2024). Annual precipitation data from
11 synoptic stations were collected and verified for completeness and consistency. Two
precipitation-based drought indices, PNPI (Percent of Normal Precipitation Index) and SIAP
(Standardized Annual Precipitation Index), were calculated using Microsoft Excel. These
indices quantify drought severity based on deviations from long-term precipitation averages.

To visualize and analyze the spatial distribution of drought across the province, various
interpolation methods available in ArcGIS were evaluated, including Kriging, Spline, and
Inverse Distance Weighting (IDW). The accuracy of these methods was assessed using Root
Mean Square Error (RMSE) values from control stations. IDW was selected as the optimal
interpolation technique due to its lower error rates. Using this method, zoning maps for both
PNPI and SIAP were generated for each year. In addition, the Spearman rank correlation
coefficient was employed in MATLAB to measure the statistical relationship between the
indices and observed precipitation data across stations.

Results

The spatial and temporal analysis of drought conditions in Yazd province using PNPI and
SIAP indices revealed significant interannual variability in drought severity and extent. The
results indicate that the years 2002, 2008, 2013, 2014, 2019, and 2020 experienced the most
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severe droughts, with over 90% of the province affected in some cases. In contrast, years such
as 2001, 2007, 2015, 2021, 2022, and 2023 were characterized by favorable precipitation
conditions and minimal drought coverage.

The spatial maps generated through the IDW method showed a high degree of consistency
between PNPI and SIAP, confirming their reliability in capturing drought patterns. Moreover,
the Spearman correlation coefficients between the two indices and annual precipitation were
very high—often reaching values close to or equal to 1—which underscores the strong
dependence of both indices on precipitation variability.

These findings confirm that PNPI and SIAP are effective tools for drought monitoring in
arid regions and can be reliably used in early warning systems and resource planning efforts in
central Iran.

Conclusion

This study demonstrates the effectiveness of PNPI and SIAP indices in monitoring drought
patterns across Yazd province over 25 years. The strong correlation of both indices with
precipitation data confirms their reliability in quantifying drought severity in arid and semi-
arid climates. The spatial distribution maps produced using the IDW interpolation method offer
valuable insights into drought-prone areas and temporal fluctuations in drought intensity.

Given the increasing frequency and severity of drought events in recent decades,
especially in central Iran, the application of reliable and precipitation-based indices such as
PNPI and SIAP is crucial for effective water resource management, early warning systems, and
long-term climate adaptation strategies. The methodology and findings of this research provide
a practical framework for policymakers and planners to anticipate drought impacts and design
appropriate mitigation measures.
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Table 1. Classification of drought and wetness severity
based on the PNPI

Category PNPI Range
ExtreDn:iluygﬁ:zvere Less than 40
Severe Drought 40to 55
Moderate Drought 55to0 70
Mild Drought 70to 80
Normal 80to 120
Semi-Humid 120 to 130
Humid 130 to 145
Relatively Humid 145 to 160

Extremely Humid More than 160
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Figure 1. Location of the study area
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Table 3. Results from the comparison of interpolation

methods
Model Method RMSE RMSE
(PNPI)  (SIAP)
Ordinary
kriging Spherical 23 012
Circular 2.85 0.13
Exponential 3.16 0.35
Guassian 2.49 0.13
Linear 2.94 0.22
Universal
kriging Linear with linear 2.8 0.18
drift
Linear with quadratic 29 0.56
drift
Spline Regularized 3.17 0.31
Tension 338  0.56
IDW 1.7 0.02

13- Inverse Distance Weighting
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Table 2. Classification of drought and wetness severity
based on the SIAP

Category SIAP Range

E |
xtremely Severe Less than -1.28

Drought
Severe Drought -1.28 t0 -0.84
Moderate Drought -0.84 t0 -0.52
Mild Drought -0.521t0-0.25
Normal -0.25t0 +0.25
Mild Wetness +0.25to +0.52
Moderate Wetness +0.52 to +0.84
Severe Wetness +0.84 to +1.28

Extremely Severe

reater than +1.2
Wetness Greater tha 8
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Figure 2. Annual PNPI and SIAP zoning maps of Yazd
province (2000-2024)

bl GYL SIAP o PNPI snis goisasgs (sboata Y IS5
(YooY YF) o5



\f’f <Y o)Lo.i“\ 0)53‘MQ/M}UféJLA f/\

S sl 5 0% O o el (Ko o p0 polie -7 Jga

SIAP ¢ PNPI
Sl DB gl 5l s9m
Table 6. Spearman correlation coefficient values between

ol sl g plsl jo 1y (DB Jsal ovrnsys precipitation and PNPI and SIAP
olial 9l 590 Eadge nl 5 05903 Cale, cale Liogh Station ~ PNPI  SIAP
| Abarkouh 1 0.996
Bahabad 0.981 1
OB M gs &5 Lo Bafq 1 0.991
gl Gyslaez Jsme goblogame o)lj ardl, Robat ! !
1 e (6l usyyt plosl 5 (Lol clmosls glaililss Aqda ! !
| oo Gariz 0.977 1
S gdd ooty 3¢ ok Sl g
¥ ey O ° Jeo Jyme 02y Marvast 0.993 1
s ploxil 1 aslllas Mehriz 1 0985
e 5 Meybod 1 0.968
& Herat 0.986 1
) glie oyl i oyl o g el iy Vard . .
o o>
. & .y O by o oLl 5 ek Slalllas
2dlye (ool anje S5 LS Aagh )
. ! ol 3blie (sl JaSzs ol (sl IS
Ll 00 SO
duslie ;3 SIAPSPNPI sl asls a5 ol T 5 Sl
Syl bl alox 51,985 (635 H0 blis sl da a3l slo b
5 bl gla b @l bliay pime gl sins e ) S5 Lald s bl oy
Sl IRl ole e . . .
29 S SV (Snen Copd g pol> Jiagh mls [V]

S o Sl 1y 4l ol s eadosnlive
References

[1] Fetemi M, Narangifard M. Study of spatial and temporal rain and drought patterns in the south of Iran using
TRMM. Desert. 2018; 23(2): 243-253 [In Persian].

[2] Zarei R, Sarajian M, Bazgeer S. Monitoring meteorological drought in Iran using remote sensing and drought
indices. Desert. 2013; 18: 89-97 [In Persian].

[3] Sarajian M, Zarei R, Bazgeer SA. A review of literature for drought monitoring and drought indices. In:
International Conference on Geospatial Research. 2014 Nov 15-17; Tehran, Iran [In Persian].

[4] Ghasemi H, Gholami A, Hadarbadi G, Ebrahimi H. Drought monitoring using climatic indices and geostatistic
technique (Case Study: Hossein Abad Plain, Sarbisheh, Iran). Journal of Water Sciences Research. 2011;
3(1): 37-43 [In Persian].

[5] Kalhori M, Tadayon M, Kahrizi E, Ghiasvand M. Analysis and monitoring of water resources and drought
using a combination of GRACE, MODIS, and Landsat 8 satellite images (Case study: Hamedan City). Water
Resources and Climate Change. (2025); 1(1): 62-74. https://doi.org/10.22091/wrcc.2025.11390.1007 [In
Persian].

[6] Wilhite DA. Drought as a natural hazard. In: Diaz-Granados AM, et al., editors. Drought preparedness and
mitigation planning. Berlin: Springer; 2008. p. 1-18.


https://doi.org/10.22091/wrcc.2025.11390.1007

fa Al g goblogeme o)l | o S oolizul b oy liwl o Jo i cdidigy

[7] Wilhite DA, Glantz MH. Understanding the drought phenomenon: The role of definitions. Water International.
1985; 10(3): 111-120.

[8] National Weather Service. Types of Drought [Internet]. NOAA; 2022 [cited 2025 Aug 2]. Available from:
https://www.weather.gov/safety/drought-types.

[9] National Integrated Drought Information System (NIDIS). Agriculture and Drought [Internet]. U.S.
Government; 2023 [cited 2025 Aug 2]. Available from: https://www.drought.gov/topics/agriculture.

[10] National Drought Mitigation Center. Types of Drought [Internet]. University of Nebraska—Lincoln; 2022
[cited 2025 Aug 2]. Available from: https://drought.unl.edu/Education/Droughtin-
depth/TypesofDrought.aspx.

[11] Global Water Partnership. IDMP: List of Drought Definitions [Internet]. 2021 [cited 2025 Aug 2]. Available
from: https://www.gwp.org/globalassets/global/gwp-cee_images/idmp-list-definitions.pdf.

[12] Shyrokaya B. Advances and gaps in the science and practice of impact-based forecasting of droughts. WIREs
Water. 2024; https://doi.org/10.1002/wat2.1698.

[13] Svoboda M, Le Compte D, Hayes MJ, Heim R, Gleason K, Angel J, Rippey B, Tinker R, Palecki M,
Stooksbury D, Miskus D, Steven, S. The drought monitor. The Bulletin of the American Meteorological
Society. 2002; 83: 1181-1190.

[14] Palmer WC. Meteorological drought. U.S. Weather Bureau Research Paper No. 45. Washington, D.C.: U.S.
Department of Commerce; 1965. Available from:
https://www.ncei.noaa.gov/pub/data/cdo/documentation/PDSIresearchpaper.pdf.

[15] Palmer WC. Keeping track of crop moisture conditions, nationwide: the new Crop Moisture Index.
Weatherwise. 1968; 21: 156-161. https://doi.org/10.1080/00431672.1968.9932814.

[16] McKee TB, Doesken NJ, Kleist J. The relationship of drought frequency and duration to time scales. In:
Proceedings of the 8th Conference on Applied Climatology; 1993 Jan 17-22; Anaheim, CA. Boston:
American Meteorological Society; 1993. p. 179-184.

[17] Gibbs WJ, Maher JV. Rainfall deciles as drought indicators. Bureau of Meteorology Bulletin No. 48.
Melbourne: Commonwealth of Australia, Bureau of Meteorology; 1967. Available from:
https://www.droughtmanagement.info/literature/UNESCO _rainfall_deciles_as_drought_indicators_1967.p
df.

[18] Shafer BA, Dezman LE. Development of a Surface Water Supply Index (SWSI) to assess the severity of
drought conditions in snowpack runoff areas. In: Proceedings of the Western Snow Conference; 1982 Apr;
Reno, Nevada. Colorado State University; 1982. p. 164-175.

[19] Ramezani Gourabi B. The zoning of drought with SIAP model in Sapeedrud valley, Gilan—Iran, southwestern
Caspian Sea. Journal of American Science. 2011; 7(2): 346-350. (Standard Index of Annual Precipitation as
drought recognition index) papers.ssrn.com+8jofamericanscience.org+8ajbasweb.com+8

[20] Safarian Zengir V, Salahi B, Maleki Marsht R, Kianian M. Assessing drought using SIAP index in the eastern
region of Gilan province. Bi-Quarterly of Urban Ecology Research. 2020; 11(1): 121-136.

[21] Nikbakht J, Tabari H, Talaee PH. Streamflow drought severity analysis by percent of normal index (PNI) in
northwest  Iran.  Theoretical and  Applied Climatology. 2013; 112(3-4): 565-573.
https://doi.org/10.1007/s00704-012-0752-x.

[22] Boroghni M, Taei M, Mirnia SKh. Analyzing the relationship between hydrogeological and climatic droughts
in the Sabzevar Plain using indicators SWI and SPI. The Scientific-Research Quarterly of Iran's Pasture and
Desert Research. 2013; 4(20): 733-744 [In Persian].

[23] Zarei Mahmoudabadi R, Talebi MS, Sadredini MA. Study of drought situation based on PNPI index in Yazd
province. In: Proceedings of the 8th Annual International Congress on Civil Engineering, Architecture and
Urban Development; 2012 Dec; Tehran, Iran.

[24] World Meteorological Organization (WMO). Hydrological aspects of drought. Studies and Reports in
Hydrology, No. 39. Geneva: UNESCO-WMO; 2004. 149 p.


https://www.weather.gov/safety/drought-types
https://www.drought.gov/topics/agriculture
https://drought.unl.edu/Education/DroughtIn-depth/TypesofDrought.aspx
https://drought.unl.edu/Education/DroughtIn-depth/TypesofDrought.aspx
https://www.gwp.org/globalassets/global/gwp-cee_images/idmp-list-definitions.pdf
https://doi.org/10.1002/wat2.1698
https://www.ncei.noaa.gov/pub/data/cdo/documentation/PDSIresearchpaper.pdf
https://doi.org/10.1080/00431672.1968.9932814
https://www.droughtmanagement.info/literature/UNESCO_rainfall_deciles_as_drought_indicators_1967.pdf
https://www.droughtmanagement.info/literature/UNESCO_rainfall_deciles_as_drought_indicators_1967.pdf
https://www.jofamericanscience.org/journals/am-sci/am0702/44_4686am0702_346_350.pdf?utm_source=chatgpt.com
https://doi.org/10.1007/s00704-012-0752-x

\f’f <Y o)Lo.i“\ 0)55‘MQ/H}UféJLﬁ o

[25] Khalighisigarudi Sh, Sadeghi Sangdehi SA, Ousati Kh, Ghavidel Rahimi Y. Investigating the evaluation
profiles of drought and drought phenomena: a case study of Mazandaran province. The Scientific and
Research Quarterly of Pasture and Desert Research in Iran. 2009; 16(1) [In Persian].

[26] Izadi N, Khazimenejad H, Yaghoubzade M, Fouladinasrabad M. Investigating the ability of R software to
determine drought: case study of South Khorasan province. Nivar. 2023; 122: 142-158 [In Persian].

[27] Bazrafshan J, Khalili A. Spatial analysis of meteorological drought in Iran from 1965 to 2003. Desert. 2013;
18: 63-71.

[28] Vakhshuri A, Jafarpur Z, Kardovani P. Determining the most appropriate index for droughts in the rainy
regions of Iran. Regional Planning Quarterly. 2017 [In Persian].

[29] Willeke G, Hosking JRM, Wallis JR, Guttman NB. The National Drought Atlas. Institute for Water Resources
Report. U.S. Army Corps of Engineers; 1994,

[30] Salimi L, Masoumpour J, Mojarad F, Jalilian A. Investigating the possibility of drought and choosing the
most appropriate index in the climatic areas of Iran. Geographical Studies of Dry Areas. 2023; 14(53): 18-
39 [In Persian].



