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1. INTRODUCTION: The growing intensity and frequency of droughts due to global warming present a significant 

threat to the sustainability of terrestrial ecosystem services [1]. These events result in profound consequences, including 

substantial reductions in vegetation productivity—declining by 2.3 to 3.5 times—which ultimately transform terrestrial 

ecosystems from carbon sinks into carbon sources [2]. Efforts such as protecting natural forests and establishing planted 

forests, as seen in countries like China, support initiatives to enhance carbon sequestration and achieve sustainability 

goals [3]. However, recurring droughts continue to threaten the functional diversity and biomass productivity of tropical 

forests worldwide, with climate change further intensifying their impacts. Consequently, precise assessments of drought 

severity and duration are critical for formulating effective strategies to mitigate these adverse effects and ensure the 

long-term sustainability of ecosystem services. 

Meteorological droughts, though often short-lived, can have cascading impacts due to insufficient precipitation. 

Severe droughts, defined as annual precipitation falling below 25% of the normal levels for a region, can lead to far-

reaching consequences [4]. Understanding the interplay between drought and climate change necessitates the analysis 

of key climatological factors such as precipitation, temperature, and evapotranspiration. These analyses are typically 

carried out using various statistical methods, including parametric approaches like linear regression and non-parametric 

methods such as the Mann-Kendall test [5]. The recurrence of droughts significantly affects critical sectors, causing 

declines in agricultural productivity, reduced energy production, water scarcity, mass migration, and even loss of life 

[6]. 

To characterize and quantify drought severity, various drought indices have been developed and widely used. 

These indices are based on hydroclimatic parameters such as precipitation, temperature, and river flow, enabling 

comprehensive drought evaluations. Common indices include the Standardized Precipitation Index (SPI), which 

measures precipitation anomalies [7; 8], and the Standardized Precipitation Evapotranspiration Index (SPEI), which 

accounts for both precipitation and evapotranspiration [9]. Other indices, such as the Reconnaissance Drought Index 
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and the Palmer Drought Severity Index, have also been applied across different regions to monitor and assess drought 

conditions [10]. These tools are indispensable for understanding drought dynamics, guiding resource management, and 

developing strategies to mitigate their impacts. By leveraging these indices, researchers and policymakers can better 

address the challenges posed by recurring droughts in a changing climate. 

 

2. Study Area: Katni and Rewa cities are located in the central Indian state of Madhya Pradesh, a region characterized 

by its unique geographical and climatic conditions. Situated within a tropical climatic zone, the area experiences a 

predominantly dry and warm climate throughout the year. The temperature varies significantly across seasons, ranging 

from a minimum of 6°C to 20°C during the winter months to a maximum of 21°C to 48°C during the peak summer 

season. The region receives moderate rainfall, with an average annual precipitation of 75–85 cm, primarily occurring 

during the monsoon months between June and September. 

The selection of Katni and Rewa as study sites was driven by the presence of diverse and contrasting land-use 

patterns, influenced by both natural and anthropogenic factors. These cities represent a confluence of industrial, 

agricultural, and natural environments, making them ideal for assessing the interplay between human activities and 

environmental health. The area is a hub for various industrial operations, including mining and stone crushing, which 

contribute significantly to local economic development but also pose potential environmental challenges such as air and 

water pollution. Additionally, the presence of the automobile industry further exacerbates emissions and particulate 

matter in the atmosphere. 

Agriculture remains a dominant activity in the surrounding rural areas, with intensive farming practices 

potentially influencing soil and water quality. Despite these anthropogenic pressures, the region also includes pockets 

of preserved forested areas, which serve as vital ecological buffers. These forests play a crucial role in maintaining 

biodiversity and regulating local climate conditions, offering an opportunity to study their mitigating effects on 

environmental degradation caused by human interventions. 

Overall, the geographical diversity, coupled with the variety of human activities and natural ecosystems, makes 

Katni and Rewa critical sites for studying the impact of anthropogenic pressures on environmental parameters. These 

findings will provide valuable insights for sustainable resource management and environmental conservation in similar 

semi-arid regions. 

 

3. Data Collection: The basic data used in the study is the monthly mean rainfall data of Katni and Rewa for the 

period 1901–2010. The monthly mean temperature data for a period 1901-2002 is also used. The data are obtained from 

Indian Meteorological Department (IMD) site www.indianwaterportal.org. The district rainfall was computed as the 

simple arithmetic average of the rainfall of the stations in the district.  

Some of the data were unavailable, due to which missing data has been assumed as follow:  

If the data for the particular district for a particular year or month is unavailable then average of previous and next 2 

years is used and if large number of data of a particular district is unavailable then data of the neighboring district is 

used. 

 

4. METHODOLOGY:  
Computation of Indices 

To assess the variability and frequency of droughts in Katni and Rewa districts, two widely recognized drought indices 

were employed: the India Meteorological Department (IMD) Drought Classification (1971) [11] and the Standardized 

Precipitation Index (SPI) proposed by McKee (1993)[7]. These indices were selected for their ability to quantify drought 

characteristics, including intensity, duration, and frequency, while offering complementary perspectives on rainfall 

variability and hydrological extremes. 

IMD Drought Classification (1971): This index categorizes droughts into four distinct classes—no drought, 

mild drought, moderate drought, and severe drought—based on the deviation of annual rainfall from the long-term 

mean. It provides a simple yet effective framework for identifying drought severity, commonly used for large-scale 

regional assessments. 

Standardized Precipitation Index (SPI): The SPI is a probability-based index that measures precipitation 

anomalies over different timescales, enabling a detailed classification of both wet and dry conditions. SPI values are 

divided into categories such as "extremely wet," "very wet," "moderately wet," "near normal," "moderately dry," "severe 

dry," and "extremely dry." This index is particularly useful for capturing the temporal variability of rainfall and 

identifying extreme hydrological conditions. 

http://www.indianwaterportal.org/
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By employing these indices, the study aims to provide a comprehensive understanding of historical drought patterns and 

precipitation variability, offering critical insights for water resource planning and climate resilience strategies. 

 

Indices Used 

I. Drought Index (IMD 1971): 

DI =  
𝑃𝑖−µ

µ
× 100 …. …. …. …. …. …. …. …. …. (2)                                             

Where 

DI= Percentage deviation from the long-term mean,  

Pi= Annual rainfall, mm     

µ= Long term mean of the annual rainfall, mm 

 

Table 1: Drought Index Codification 

Intensity  Value of DI 

No drought 0.0 or above 

Mild drought 0.0 to -25.0 

Moderate drought -25.0 to -50.0 

Severe drought -50.0 or less 

II. Standardized Precipitation Index (McKee, 1993): 

   SPI = 
𝑋𝑖𝑗−𝑋𝑖𝑚

𝑆𝐷
 …. …. …. …. …. …. …. …. ….  (3) 

 

Where, 

 𝑋𝑖𝑗= Seasonal precipitation at the ith rain gauge and jth observation,  

𝑋𝑖𝑚= Long term seasonal mean  

SD = Standard deviation 

Table 2: Standardized Precipitation Index Classification 

Intensity Value of SPI 

Extremely Wet 2 or more 

Very Wet 1.5 to 1.99 

Moderately Wet 1.0 to 1.49 

Near Normal 0.99 to -0.99 

Moderately Dry -1.0 to -1.49 

Severe Dry -1.5 to -1.99 

Extremely Dry -2.0 or less 

 

5. RESULT AND DISCUSSION: The frequency of drought events in Katni and Rewa districts from 1901 to 2010, 

based on the India Meteorological Department's (IMD) classification, reveals significant insights into the historical 

patterns of drought in the region (Table 3). Katni experienced 53 years with no drought, accounting for the majority of 

the study period. Mild drought conditions occurred in 46 years, indicating a relatively frequent but less severe impact. 

Moderate drought conditions were observed in 9 years, while severe drought was recorded in only 2 years. Rewa 

exhibited a similar trend, with 53 years without drought and 47 years classified under mild drought. However, moderate 

drought occurred in 10 years, and no severe drought events were recorded during the study period. 

 

Table 3: Frequency of Drought as per IMD (1971) for Madhya Pradesh during period 1901-2010   

Name of 

District 

No 

Drought 

Mild 

Drought 

Moderate 

Drought 

Severe 

Drought 

Katni 53 46 9 2 

Rewa 53 47 10 0 

The predominance of "no drought" and "mild drought" years highlights the region's relative resilience to extreme 

drought conditions over the century. However, the occurrence of moderate and severe droughts underscores the 

vulnerability of the area to climatic variations, which could have significant socio-economic implications, particularly 

in agriculture-dependent regions. 
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Table 4: Frequency of Drought as per SPI (McKee, 1993) in Madhya Pradesh for period 1901-2010 

Name of 

District 

Extremely 

Wet 

Very 

Wet 

Moderately 

Wet 

Near 

Normal 

Moderately 

Dry 

Severe 

Dry 

Extremely 

Dry 

Katni 2 6 7 81 6 5 3 

Rewa 4 3 13 73 9 5 3 

 

Using the Standardized Precipitation Index (SPI), a more nuanced classification of drought and wet conditions was 

achieved (Table 4). In Katni, "near normal" conditions dominated, accounting for 81 years out of the 110-year period. 

The distribution of wet conditions ranged from "extremely wet" (2 years), "very wet" (6 years), and "moderately wet" 

(7 years), indicating occasional surplus rainfall. Dry conditions included 6 years of "moderately dry," 5 years of 

"severely dry," and 3 years of "extremely dry." 

In Rewa, a similar pattern emerged, with 73 years classified as "near normal." Wet conditions spanned 4 years of 

"extremely wet," 3 years of "very wet," and 13 years of "moderately wet." Dry conditions included 9 years of 

"moderately dry," 5 years of "severely dry," and 3 years of "extremely dry." 

The SPI results provide a comprehensive view of rainfall variability, showing that while the majority of years remained 

within normal bounds, extreme conditions, both wet and dry, were observed periodically. The slightly higher frequency 

of wet years in Rewa compared to Katni suggests spatial variability in precipitation patterns within Madhya Pradesh. 

Comparative Analysis and Implications 

The comparative analysis of IMD and SPI-based drought frequencies highlights the utility of multiple indices for a 

robust understanding of drought variability. IMD's classification provides a broad overview of drought severity, while 

SPI offers a more granular categorization, including wet periods. This dual approach allows for a better understanding 

of hydrological extremes and their implications. 

The dominance of "near normal" and "mild drought" conditions suggests that the region's water resources have 

historically been less affected by extreme droughts. However, the periodic occurrence of severe droughts and dry spells 

underscores the need for proactive water resource management and adaptive strategies to mitigate the potential impacts 

of climate change. The spatial differences between Katni and Rewa also highlight the importance of localized strategies 

for drought mitigation, accounting for the variability in precipitation patterns. 

The findings emphasize the need for integrating historical data with modern climate models to improve forecasting and 

planning. Given the reliance on agriculture in the region, understanding drought patterns is critical for ensuring food 

security and sustainable water management in Madhya Pradesh. 

 6. CONCLUSIONS: The analysis of drought frequencies and rainfall patterns in Katni and Rewa districts over the 

period 1901 to 2010 reveals critical insights into the hydrological variability and climatic conditions of the region. The 

findings indicate that both districts predominantly experienced years with "no drought" or "mild drought" conditions, 

as classified by the IMD. This suggests a relative stability in the annual rainfall for most of the study period, with 

limited occurrences of severe droughts. In Katni, severe droughts were recorded in only two years, while no such 

events were observed in Rewa. Similarly, the SPI analysis confirms the dominance of "near normal" conditions, 

further emphasizing the region's relative resilience to prolonged and extreme dry spells. 

The SPI analysis adds an additional dimension to understanding rainfall patterns by identifying periods of 

excessive rainfall. Both Katni and Rewa experienced several years of "extremely wet" and "very wet" conditions, with 

such events aligning with peaks in the rainfall trends. These wet extremes could pose risks such as flooding and 

waterlogging, highlighting the need for adaptive water resource management strategies. Furthermore, the differences in 

the frequency of wet and dry years between Katni and Rewa suggest spatial variability in rainfall distribution, likely 

influenced by local factors such as topography and land-use patterns. 

Overall, the study underscores the importance of adopting sustainable water resource management practices to 

address the challenges posed by increasing rainfall variability. Proactive measures, such as improving irrigation 
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efficiency, implementing rainwater harvesting systems, and afforestation efforts, can help mitigate the impacts of both 

droughts and excessive rainfall. The integration of IMD and SPI indices provides a robust framework for understanding 

historical drought and precipitation variability, offering valuable insights for developing localized strategies to enhance 

climate resilience in the region.  
 

 

REFERENCES: 
 

1. Ault, T. R. (2020). On the essentials of drought in a changing climate. Science, 368(6488), 256-260. 

2. Tian, L., Tong, Y., Cheng, Y., Li, M., Letcher, S. G., Zang, R., & Ding, Y. (2023). Drought diminishes 

aboveground biomass accumulation rate during secondary succession in a tropical forest on Hainan Island, 

China. Forest Ecology and Management, 544, 121222. 

3. Cai, D., Ge, Q., Wang, X., Liu, B., Goudie, A. S., & Hu, S. (2020). Contributions of ecological programs to 

vegetation restoration in arid and semiarid China. Environmental Research Letters, 15(11), 114046. 

4. Pal, J. S., Small, E. E., & Eltahir, E. A. (2000). Simulation of regional‐scale water and energy budgets: 

Representation of subgrid cloud and precipitation processes within RegCM. Journal of Geophysical Research: 

Atmospheres, 105(D24), 29579-29594. 

5. Gumus, V., Simsek, O., Avsaroglu, Y., & Agun, B. (2021). Spatio‐temporal trend analysis of drought in the 

GAP Region, Turkey. Natural Hazards, 109, 1759-1776. 

6. Masih, I., Maskey, S., Mussá, F. E. F., & Trambauer, P. (2014). A review of droughts on the African continent: 

a geospatial and long-term perspective. Hydrology and earth system sciences, 18(9), 3635-3649. 

7. McKee, T. B., Doesken, N. J., & Kleist, J. (1993, January). The relationship of drought frequency and duration 

to time scales. In Proceedings of the 8th Conference on Applied Climatology (Vol. 17, No. 22, pp. 179-183). 

8. Ionita, M., Scholz, P., & Chelcea, S. (2016). Assessment of droughts in Romania using the Standardized 

Precipitation Index. Natural Hazards, 81, 1483-1498. 

9. Vicente-Serrano, S. M., Beguería, S., & López-Moreno, J. I. (2010). A multiscalar drought index sensitive to 

global warming: the standardized precipitation evapotranspiration index. Journal of climate, 23(7), 1696-1718. 

10. Bai, X., Shen, W., Wu, X., & Wang, P. (2020). Applicability of long-term satellite-based precipitation products 

for drought indices considering global warming. Journal of Environmental Management, 255, 109846. 

11. India Meteorological Department (IMD),1971. “Climate Diagnostic Bulletin” of India-June, July, August 1971; 

Rep. No 88, 89 and 90, National Climate Center, IMD, Pune 

 

 
 


