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Abstract

Background and Obijective: Today decision-makers in dealing with drought consider the integrated
management approach of crisis management and risk management simultaneously. So far,
Mazandaran province has suffered a lot of damage from drought risk. Therefore, determining the level
of vulnerability and type of meteorological drought risk situation in the study area, especially in the
last two decades, is the main issue of this study.

Methodology: Methodology in order to determine the meteorological drought situation, the Standard
Precipitation Index was used in this study. First, the monthlt rainfall statistics for 17 selected
meteorological stations in the region were collected and tested for accuracy, precision and feasibility
during the common period of 2000-2020. For each of the station in question the percentage of
meteorological drought occurrence was determined on an annual time scale. Then the drought Hazard
Index (DHI) was extracted by assigning weights and degrees for each of the different intensities. Also
the wvulnerability of meteorlogical drought was calculated using physical and socio-economic
indicators and then the drought- vulnerable zones were determined. Finally based on the two factors
of drought hazard index and vulnerability index, the risk of drought damage was calculated and then
the zones at risk of meteorological drought were determined.

Results and Findings: Findings and conclusion the results of the research on drought conditions
showed that the most severe droughts occurred in the region in 2000, 2008, 2012, 2014, 2016 and
2017. Based on the drought risk index, the results showed that northern part of the region and its
central part with an area equivalent to 24% in the SPI index, 22% in the VCI index (vegetation
condition index) and 28% in the VHI index (vegetation health index) and 20% in TCI index (surface
temperature index) the area of Mazadran province are very susceptible to the risk of meteorological
drought. 35 percent of the province's area, located in the north of the province, has very high drought
vulnerability. The results of this study indicate that the risk and vulnerabilities caused by
meteorological drought seriously threaten Mazandaran province. Meteorological drought risk maps
can be used as a suitable warning tool in the risk reduction action plan for all policmakers, managers
and stakeholders of the studied region. This issue is of particular importance in planning agricultural
activities and the optimal use of water resources, especially in this province where the livelihoods of
agricultural operators depend on both rainfed and irrigated agriculture.
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Extended Abstract

Introduction:

Drought is a natural disaster that occurs slowly and can last for a long time and affect large
areas of land. Drought and aridity are two different concepts. Drought is a permanent climatic
feature in a region that is a characterized by insufficient rainfall to continue the normal vital
activities of living organisms in that region, while drought is a drought that is less than the
normal level of the region. One of the main differences between drought and other natural
disasters is that this disaster occurs over a longer period of time and gradually, compared to
others that occur suddenly. This is why this disaster has been considered a creeping disaster.
The dangers of are drought much greater than drought. Due to the geographical location and
climatic conditions in many parts of Iran, drought is an inevitable threat. The lack of
precipitation in a region for long periods of time is known as drought. This water shortage is
distributed in the hydrological cycle and creates different types of drought. The occurrence of
drought and reduced rainfall affect water resources and agriculture region. The variability of
groundwater resources is caused by climate change due to hydrological processes such as
precipitation, evaporation and transpiration and interaction with surface water. Droughts
often start as meteorological droughts and gradually turn into hydrological, agricultural and
finally these systems that one can be aware of the severity and spatial development of
drought, which is usually done with drought indicators.

Methodology:

After determining the common statistical period, meteorological data were analyzed using
SPSS software and statistical deficiencies were reconstructed using the ratio method. Then
the index (SPI) was used to determine the drought status of the province using DIP software
and a map of the areas affected by drought was prepared using the interpolation method
(IDW) in ArcGIS. The IDW method is one of the common interpolation methods. It is the
process of using known values to determine values up to known. This method can be used to
predict values up to certain for any geographical point such as rainfall height, etc. using
known values. In addition, satellite indices such as the Thermal Difference Vegetation Index
(NDVI), Vegetation Condition Index (VCI), Temperature Condition Index (TCI), and
Vegetation Health Index (VHI) of the Terra satellite MODIS sensor were used for
meteorological drought monitoring during the years 2000 to 2020.

Results and Discussion:

Drought zoning based on SPI index on a monthly basis

The results presented by the SPI index indicate the occurrence of severe drought in the region
in May and June. So that the average SPI index in these months is 1.73 and 2.34. Accordingly
large parts of Mazandaran province have experienced higher intensities of drought during this
period. Also. Based on this index the month of April is considered the wettest month in the
region. In this month the average SPI index is 12.05. According to the SPI table of monthly
rainfall in all stations of Mazandaran province, it shows that there was a wet season in the
three months of April, May and June of 2000 and a moderate drought occurred in 2001.
However from 2002 to 2006 the three months of April, May and June witnessed different
classes of wet season. However in the years 2007, 2008, 2011, 2012, 2014, 2015, 2016 and
2017 mild and moderate drought in Mazandaran province continued in the three months of
April, May and June which were equivalent to the solar months of May and June. April and
May 2018 experienced mild drought and June 2018 experienced mild wetness and April and
May 2019 experienced mild wetness and June 2019 experienced mild drought and the three
months of April, May and June 2020 experienced mild wetness.



Drought zoning based on remote sensing indices VCI, TCI and VHI

The VCI index indicates the occurrence of severe drought in the region in June so that the
average of the index in this month was 26.13. In this month the average VCI index is 69.25.
Parts of the northwestern, eastern and central areas of the province have higher wetness
intensities. The results presented by the TCI index for the month of June indicate the
occurrence of severe drought in the province under study. So that the average of the index in
this month is 38.23. The TCI also based on this index the month of April is considered the
wettest month in the region. In this month, the average index is 54.15. Large parts of
Mazandaran province have higher humidity intensities. The VHI index indicates the
occurrence of severe drought in the region in June, so that the average of this index in this
month is 37.21. Also based on the aforementioned index the month of April is considered the
wettest month in the province under study. In this month, the average index 67.56.

Drought zoning based on SPI index on an annual basis

The result presented the SPI index indicate the occurrence of severe drought in the region in
2016. So that the average SPI index in this year is -2.16. Large parts of Mazandaran province
have had higher drought intensities in this period. Also, based on this index, the years 2003
and 2004 are considered as the wettest years in the region. In this year, the average SPI index
2.3 and 2.58.

Results from remotely sensed drought indices VCI, TCI and VHI (annual)

The VCI index indicates that there was a severe drought in the 2015 with 28.23. Also, based
on this index, 2003 was considered the wettest year in the region at 87.09. parts of the
northwestern, central and eastern areas had higher wet intensities. The TCI index indicates
that there was a severe drought in the 2007, Also, based on this index, 2003 is considered the
wettest year in the region. In this year, the average index is 80.43. The VHI index indicates
that there was a severe drought in the 2013. So that the average of the index in this year is
22.53. Also, based on this index, 2010

is considered the wettest year in the region. In this year, the average index is 81.04.The
results of the assessment of the damage map on an annual scale in the 4 drought indices this
type of damage fluctuates from low to very high at the regional level. The highest situation in
the SPI, VCI, VHI and TCI indices is related to low damage in the southern parts of the
province, 22, 23, 17 and 23 percent, respectively, including the cities of Amol, Sari, Babol,
Chalus and Noor.

Conclusion:

The highest correlation between SPI and VCI, VHI indices 0.82 and 0.88, which indicates
that the northern and central parts of Mazandaran province have experienced moderate and
severe droughts. The results of the vulnerability map in the studied indicators showed VCI
and VHI models, parts of the south are associated with low and medium vulnerability
because in these areas the land has a lower population density and the type of land use is
natural and forest and the geology does not allow water to pass through easily. In all 4
indicators, the northern and central parts are associated with high and very high vulnerability
due to the presence of agricultural lands, the presence of irrigated land, the slope and the
direction of the slope and the presence of drought in these areas.



Declarations

Funding
There is no funding support for this study.

Authors’ Contribution

Authors contributed equally to the conceptualization and writing of the article. All of the
authors approved the content of the manuscript and agreed on all aspects of the work
declaration of competing interest none.

Conflict of Interest
The authors declare no conflict of interest.

Acknowledgments
We are grateful to all the scientific consultants of this paper.

References

Agnew, C.T. (2000). Using the SPI to Identify Drought, Drought Network News, Vol. 12,
No. 1, winter 1999-Spring 2000.

Alizadeh, A. (2014). Applied Hydrology, Imam Reza University Press, thirty- eighth edition,
941 pages. Bonaccorso, B., Bordi, 1., Cancelliere, A., Rossi, G., & Sutera, A. (2003).
Spatial variability of drought: an analysis of the SPI in Sicily. Water resources
management, 17(4), 273-296.

Bahreini , F., Panahi, F., Jafari, M., Malekian, A. (2018). Identification of drought vulnerable
vegetation areas using remote sensing, a case study of Bushehr province Natural
Resources of Iran, Volume 71, No, 2, pp. 241-354 (In Persian).

Barouti , H., Yousef Gomrakchi, A., Fazal Oli, R. (2008). Analysis and Monitoring of
Drought in Qazvin Plain Using Standardized Precipitation Index Third water
Resources Management Conference 10-11 October (In Persian).

c78ddd24a33bb281b2c9ba3a1504e6d6.pdf

Chen, Z., Grashy, S.E., & Osadetz, K.G. (2004). Relation between climate variability and
groundwater levels in the upper carbonate aquifer, southern Manitoba, Canada,
Journal of Hydrology, No. 290: 43-62.

Dabanli, 1. (2018). Drought Risk Assessment by Using Drought Hazard and Vulnerability
Indexes. Natural Hazards and Earth System Sciences Discussions. 1-15.

Ensafi M., T., Rafiei Imam, A. (2009). Zoning of climatic drought using the inverse distance
interpolation (IDW) method, a case study of the Salt Lake basin, Iranian Rangeland
and Desert Research, Volume 16, Number 2, pp. 274- 292 (In Persian).

Fiorillo, F., Esposito, L., & Guadagno, FM. (2010). Karst spring discharges analysis in
relation to drought periods, Using the SP1. Water Resources Manage, 24: 1867-1884.

Fleig, A.K., Tallaksen, L.M., & Hisdal, H. (2006). Drought Indices Suitable to Study the
Linkages to Large-Scale Climate Drivers in Regions with Seasonal Frost Influence.
IAHS PUBLICATION, 308, 169.

Ghafourian, H., Sanainejad, S,. Davari, K. (2014). Study on determining suitable for drought
monitoring TRMM satellite data case study of Khorasan Razavi province, Soil and
Agricultural Sciences and Industries (2), 639-648 (In Persian).

Hamzeh, S., Farahani, Z., Mahdavi, Sh., Chenar Abgun, O., Gholamnia, M. (2017). Temporal
and spatial monitoring of agricultural drought using measurement data from the study



period of Markazi Province, Iran, Journal of Spatial Analysis of Environmental
Hazards, year 4, Issue 3, pp. 53-70 (In Persian).

Haro, D., Abel, S., Javier, P., & Joaquin, A. (2014). Methodology for drought risk assessment
in within- year regulated reservoir systems: Application to the Orbigo, River System
(Spain). Water Resources Management, 28 (11), 3801-3814.

Heydari Alamdarloo, E., Nasabpour, S., Keshtkar, H. (2017). Data mining of drought
probability in Iran Journal of Desert Management 5(9) 1-14 (In Persian).

Heydarizadi, R., Majid Komki, O., Choni, B. (2023). Drought Damage Assessment Using
Satellite Indicators and Vulnerability Factors Case Study of Geographic Information
(Sepehr), Volume 28, Issue 109, pp. 138-146 (In Persian).

Hou, W., Yan, P., Feng, G., & Zuo, D. (2021). A 3D Copula Method for the Impact and Risk
Assessment of Drought Disaster and an Example Application. Frontiers in Physics, 9,
156.

Jiang, S., Yang, R., Cui, N., & Zhao, L. (2018). Analysis of drought vulnerability
characteristics and risk assessment based on information distribution and diffusion in
Southwest China. Atmosphere, 9 (7), 2-39.

Khademipour, G., Saberi Anari, S.M., Nekoyi Moghadam, M., Masoudi, A., & Jafari
Baghini, R. (2018). Comprehensive Assessment and Zonation of Drought Risk and
Vulnerability in Kerman Province. Health in Emergencies and Disasters Quarterly
(HDQ). 3: 2. 113-120.

Khalili Joybari, R,. Redaei, M,. Baghban Jelodar, A,. Bahramnejad, F. (2018). Mazandaran
Province Planning Plan, National Planning and Budget Organization, Mazandaran
Province Management and Planning Organization (In Persian).

Khoshakhlagh, F., Hejazi Zadeh, Z., Mohammadi, H., & Roshan, G.H. (2006). TOPSIS
Approach in Determining and Ranking of Drought (Case Study: Drought Distribution
in Several Stations in Khuzestan Province). 5(6):105-127.

Kogan, F.N. (1993). United States droughts of late 1980's as seen by NOAA polar orbiting
satellites. International Geoscience and Remote Sensing Symposium, 1:197-199.

Kogan, F.N. (1997). Global drought watch from space. Bulletin of the American
Meteorological Society, vol. 78, n°4, p.621-636.

Kogan, F.N. (2001). Operational space technology for global vegetation assessment. Bulletin
of American Meteorological Society, 82(9): 1949-1964.

Lorenzo, M.N., Alvarez, Ines., Taboada, J.J. (2022). Drought evolution in the NM Iberian
Paninsula overa 60 year period. Journal of Hydrology,

Maccioni, P., Kossida, M., Brocca, L., & Moramarco, T. (2014). Assessment of the Drought
Hazard in the Tiber River Basin in Central Italy and a Comparison of New and
Commonly Used Meteorological Indicators, ASCE, 05014029-

McKee., T.B., Doesken, N.J., & Kleist, J. (1993). The Relationship of Drought Frequency
and Duration to Time Scales, Eighth Conference on Applied Climatology, 17-22
January, Anaheim, California.

Nosrati, J. (2014). Evaluation of the Standardized Evapotranspiration Precipitation Index
(SPEID) for Identifying drought in climates various Iranian Quarterly Journal of
Environmental Sciences, Volume 12, Issue 4, Winter 2014, 62-74 (In Persian).

Park, S., Im, J., Jang, E., & Rhee, J. (2016). Drought assessment and monitoring through
blending of multi-sensor indices using machine learning approaches for different
climate regions. Agricultural and forest meteorology, 216: 157-1609.

Doi:https://doi.org/10.1016/j.agrformet.2015.10.011.

Pourhashm Majumardi, S., Fathzadeh, A., Hayatzadeh, M., Fazel Pour, M., Fotohi, F. (2021).
Study of drought vulnerability using multi — criteria systems case study of Ardakan
County, Iran Watershed Management Scientific Association, pp. 78-87 (In Persian).



https://www.researchgate.net/scientific-contributions/M-N-Lorenzo-2221403157?_sg%5B0%5D=yq_4y1MwR8xQF60Lr09kPLcg22B-dzzIUeCqkLyJJkudxDTZ4-FOdpg2y-Y-8DB_fU2FdKE.yO-IwUnto7KtnmlPXOcsICe8lfJb_sBKTP9Oju8ZONIvVxKio78evsXA6hhwL023Gz21IdSs_uTlxP0SntncCQ&_sg%5B1%5D=elS_5FYUu1BYrnQ9ivGHVCXGlmjL0PtZep2DjBalt-bhPITLBU15P-aytZYSHPYCLoeLQV4.zxOcjYl0UtXX3AZ80pkZeGG7N1OnZ-bYU-HuSUUfv9ntEhBFw5UfF30FGWw5059naOLvEmFoWzt0H9szPDk7jg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Ines-Alvarez-9?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A14246569&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/J-J-Taboada-2221391684?_sg%5B0%5D=yq_4y1MwR8xQF60Lr09kPLcg22B-dzzIUeCqkLyJJkudxDTZ4-FOdpg2y-Y-8DB_fU2FdKE.yO-IwUnto7KtnmlPXOcsICe8lfJb_sBKTP9Oju8ZONIvVxKio78evsXA6hhwL023Gz21IdSs_uTlxP0SntncCQ&_sg%5B1%5D=elS_5FYUu1BYrnQ9ivGHVCXGlmjL0PtZep2DjBalt-bhPITLBU15P-aytZYSHPYCLoeLQV4.zxOcjYl0UtXX3AZ80pkZeGG7N1OnZ-bYU-HuSUUfv9ntEhBFw5UfF30FGWw5059naOLvEmFoWzt0H9szPDk7jg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

Shahid, S., & Behrawan, H. (2008). Drought risk assessment in the western part of
Bangladesh. Natural. Hazards 46: 391-413 (In Persian with English summary).
Soltani, M., Soltani, A., Kalehoi, M., Solemani, K. (2019). Regional Drought Monitoring
Using Landsat Images Study Area: Kermanshah County, Quarterly Journal of

Information, Volume 28, Issue 109, pp. 138-146 (In Persian).

Svoboda, M. (2000). An introduction to the drought monitor. Drought Network News. 80:
1994-2001.

Thenkabail, P.S., & Gamage, M.S.D.N. (2004). The use of remote sensing data for drought
assessment and monitoring in Southwest Asia, Vol 85, lwmi.

Tingsanchali, T., & Piriyawong, T. (2018). Drought Risk Assessment of Irrigation Project
Areas in a River Basin. Engineering Journal, 22 (1), 280-286.

Tsakiris, G., & Vangelis, H. (2004). Towards a drought watch system based on spatial SPI.
Water resources management, 18(1), 1-12.

Tucker, C.J. (1979). Red and Photographic Infrared Linear Combinations for Monitoring
Vegetation, Remote Sensing of Environment 8: 127-150.

Wilhelmi, O.V. & Wilhite, D.A. (2002). Assessing vulnerability to agricultural drought: A
Nebraska Case Study. Natural Hazards, 25: 37-58.

Wilhite, D.A, & Vanyarkho, O. (2000). Drought: Pervasive Impacts of a Creeping
Phenomenon (Chapter 18), In: D.A. Wilhite (ed.), Drought: A Global Assessment,
Natural Hazards and Disasters Series, Routledge Publishers, UK.

Wilhite, D.A., & Vanyarkho, O.V. (2000). Chapter 18 Drought: Pervasive Impacts of a
Creeping Phenomenon. Drought Mitigation Center Faculty Publications. I: 71: 245-
255.

Wu, C., Yeh, PJ.F.,, Chen, Y.Y., Lv, W., Hu, B.X., & Huang, G. (2021). Copula-based risk
evaluation of global meteorological drought in the 21st century based on CMIP5
multimodel ensemble projections. Journal of Hydrology, 598, 126265.

https://doi.org/10.1016/j.jhydrol.2021.126265

Wu, H., Hayes, M.J., Weiss, A., & Hu, Q. (2001). An evaluation of the Standardized
Precipitation Index, the China-Z Index and the statistical Z-Score, International
journal of climatology, Vol. 21, No. 6, pp. 745-758.

Yaghmaei, L., Soltani, S., Jafari, R., Bashari, H., & Jahanbazi, H. (2017). An investigation on
impact of drought on rangeland and forest vegetation changes in Chaharmahal &
Bakhtiari province using MODIS satellite dat, Iranian Journal of Forest and Range
Protection Research, 15 (1): 91-108.

Zahiri, A., Sharifan, H., Abarashi, F., Rahimian, M. (2014). Evaluation of Wetness and
Drought Phenomena in the Province Khorasan using NITZCHE SPI (PNPI) index
Irrigation and Drainage of Iran 4:845-865 (In Persian).

Zare khormizie, H., Hosseini, S., Mokhtari, M., & Ghafarian Malamiri, H. (2017). Analysis
of relationship between drought and NDVI variations in different vegetation types
(Case study: Southern rangelands of Yazd Province). Journal of Arid Biome, 7(2): 85-
101.

Zarei Mahmoudabadi, R., Khami, Meybodi, H. (2023). Drought Monitoring Using the SIAP
Index (Case Study of Bod Province) Third International Conference on Civil
Architecture Urbanism Environment and Horizons of Islamic Art in the Second Step
Statement Al Qalab May 106.

Zhao, P., Lu, H., Fu, G., Zhu, Y., Su, J., & Wang, J. (2017). Uncertainty of hydrological
drought characteristics with copula functions and probability distributions: a case
study of Weihe River, China. Water, 9 (5), 334.


https://doi.org/10.1016/j.jhydrol.2021.126265

