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AR — S8 IHEIIAH TAFNG AT & el TI-STerdrg AT (ACZs) - 3o wgifsar, seiiaere Aer 3R
TER ISR - & 27 et & 50 asf (1971-2021) & 310 & awf & Tue 3R @77 & faw @ gRads
3R ggfr i ST $ir 378 ¥l 366 v Ry Atea fawe fasmr (IMD) & & @77 & AT & fsgeaser
&1 3T AT I g1 9T # seea @ faeawor arerer 3R Al T o R g, 3R wgiy @ gar
T & AT AF-Fse (MK), FifzwEs dAd-hsa (MMK), 3R Jo-0a ToT TEEIHST dlieh! &1 39T fomar
IAT| BTG H AT WrelTr awt 1277.8 mm 9§ 918, o1l & 80-85% AT AlTdet & A (S[-FAcdeR)
F g 81 ACZs &, IER ToR & 3fesier 3T AT auT (1488.7 mm) gof &1 91, Siafh Sxiddg
HerT F e FA (1200.6 mm) ot H TS| ACZs & 37X, TG Jgil & Hadl e & asf 7§ g
FATET FHIUHATE 36 IRTAT (CV) (31% d%) @, 0F g €A TSR & gaarsl el 7 (30% ),
S gEy foelt i goren & Shrer awt F deond g Bl vgfafaedwor & uar wer o 14 el & ot F
FFRIcAFYgRT fedl, safd 13 forelt 7 daricAsmvafa e, @ 398 ggifsal ACZ #| @rg ard I8 &
f& @rerar R Alrger avt & f@er # MK 3R MMK 2t afiefor & ggfa dcdiel # Asiqa deafa @,
ST Sl T FeodT H g w1 &1 WA e TG F Avedegs AR (38 ggIisAr ACZ) # -4.91
mm/a¥ ¥ JH FHAT (TR GO ACZ) # 541 mm/a¥ d& o1, St R UsT 7 Jerd H 3Ter-3re@T &3
H gefidar g1 A FAMS & oAy cgagR & aR H HAgcaqol SN & §, S aWt & faerer ik vgfy
# AT F 3R Fa g, Swwr @-mer oRd 7 N, S Fdaee veud dR gy @ v @
AT T 3R I &

ABSTRACT. This study examines the spatio-temporal variability and trends of rainfall across 27 districts within
three Agro-Climatic Zones (ACZs) of Chhattisgarh State—namely, the Northern Hills, Chhattisgarh Plains, and Bastar
Plateau—over a 50-year period (1971-2021), using long-term daily gridded rainfall data from the Indian Meteorological
Department (IMD). Rainfall variability was analyzed at annual and seasonal scales, with trends detected using the Mann-
Kendall (MK), Modified Mann-Kendall (MMK) and Theil-Sen slope estimator methods. The average annual rainfall in
Chhattisgarh was found to be 1277.8 mm, with 80-85% of rainfall occurring during the monsoon season (June—September).
Among the ACZs, the Bastar Plateau recorded the highest average annual rainfall (1488.7 mm), while the Chhattisgarh
Plain recorded the lowest (1200.6 mm). Within the ACZs, Kawardha district in the Chhattisgarh Plains exhibited the highest
coefficient of variation (CV) in rainfall (up to 31%), followed by Dantewara district in the Bastar Plateau (up to 30%),
indicating greater rainfall variability compared to other districts. Trend analysis revealed that 14 districts exhibited positive
rainfall trends, while 13 districts showed negative trends, particularly in the Northern Hills ACZ. Notably, annual and
monsoon rainfall series exhibited strong agreement in trend results from both MK and MMK tests, confirming the
robustness of the findings. The annual Sen’s slope magnitude ranged from -4.91 mm/year in Jashpur (Northern Hills ACZ)
to 5.41 mm/year in Sukma (Bastar Plateau ACZ), illustrating varying rates of change across the state. These findings offer
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significant insights into regional climatic behavior, highlighting uncertainties in rainfall distribution and trends, with
implications for agriculture, water resource management, and drought mitigation planning in east-central India.

Keywords —

1. Introduction

Precipitation is one of the most vital components of
the hydrological cycle, and its patterns typically fluctuate
across time and space due to both anthropogenic influences
and global warming caused by the increase in atmospheric
gas concentrations (Dickinson and Cicerone, 1986).
Climate change, being a long-term phenomenon, has
become one of the most pressing issues worldwide. From a
measurement perspective, quantifying climate change is a
complex and challenging task (Bardossy and Pegram,
2014). Researchers and policymakers are actively engaged
in studying climate change and its quantification using
various climatic models (Murphy et al., 2004; Boorman
and Sefton, 1997; Seidenfaden et al., 2022). According to
the Intergovernmental Panel on Climate Change (IPCC),
industrialization has led to a 1 °C rise in global temperature
due to anthropogenic emissions of gases and fossil fuels.
Both average temperature and rainfall have been
fluctuating since the 1950s, particularly across India
(Peterson et al., 2008; Khan et al., 2022). Carbon dioxide
emissions in India are rising as a result of rapid
urbanization, which is expected to have a substantial impact
on the hydrological cycle (IPCC, 2007).

The historical monitoring of climatic variables has
garnered increasing attention as scientists seek to determine
whether the greenhouse effect has resulted in a clear signal
of climate change (Easterling et al., 2000). Goswami et al.
(2006) demonstrated an increase in rainfall across India
over the past century using IMD gridded rainfall datasets.
Micro-level rainfall is a critical factor in local hydrological,
agricultural, and economic activities (Singh and Mal, 2014;
Singh and Roy, 2002). Understanding rainfall trends is
essential for planning and managing water supplies. Trend
analysis is a key technigque used to understand the temporal
and spatial variations of climate-related factors. This is
particularly important for a country like India, where the
economy is heavily dependent on agriculture, which relies
on the monsoon rains (Kumar et al., 2015; Srivastava et al.,
2016). Any changes to the timing or distribution of rainfall
could significantly impact agricultural conditions and,
consequently, the economy, posing a threat to the nation’s
food security.

India's climate variability is higher than the global
average (Cooper et al., 2008). Therefore, addressing the
challenges associated with water resources requires the
collaborative efforts of hydrologists, agriculturalists,
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meteorologists, and industrialists. Using the temporal and
spatial variability of precipitation is essential for
sustainable water and agricultural resource planning and
mitigation strategies (Brunsell et al., 2010; Sushant et al.,
2015; Rajeevan et al., 2006; Hammouri et al., 2015).
Kumar and Jain (2010) examined the impact of changes in
rainfall patterns on runoff, soil moisture, groundwater
reserves, and the frequency of droughts and floods (Wang
and Xie, 2018). Changes in mean rainfall can affect the
severity and frequency of extreme rainfall events (Zwiers
et al.,, 2013). Gumus et al. (2022) applied the Mann-
Kendall test to detect trends in streamflow in the Tigris
River Basin, and similar methods have been used in
southern Turkey to detect trends in meteorological time
series, including precipitation (Gimiis et al., 2023), and to
analyze hydrological droughts in Mediterranean river
basins (Simsek, 2021).

Long-term rainfall variability studies are crucial for
evaluating the effectiveness of water conservation
measures. Given the geography of India, assessing rainfall
variability using Geographic Information Systems (GIS) is
vital. Rainfall variability has significant implications for
various sectors, including agriculture, water resource
management, disaster management, urban planning,
biodiversity, and ecosystems (Gebremichael et al., 2014;
Conway et al., 2005; Gouda et al., 2023; Chiang et al.,
2014; Senanayake et al.,, 2022). However, several
challenges need to be addressed, such as data availability,
the quality of historical datasets, spatial and temporal
variability, data integration, climate change studies,
complex system modeling, capacity and expertise, climatic
uncertainty and financial constraints (Ayanlade et al.,
2018; Mkuhlani et al., 2020; Xie et al., 2015; Sylla et al.,
2013).

Chhattisgarh, a central Indian state, relies heavily on
monsoon rainfall for its agricultural activities, making the
understanding of rainfall patterns vital for effective water
resource management and agricultural planning. The
state’s vulnerability to climate change is exacerbated by
shifting monsoon patterns and increased rainfall variability,
which can lead to droughts or floods. Meshram et al. (2017)
examined long-term decadal trends and variability of
precipitation in the state, revealing a significant decrease in
annual monsoon rainfall, particularly in the central and
southern regions. The state's diverse geography, with areas
like the Bastar Plateau receiving more rainfall than the
Chhattisgarh Plains, adds complexity to managing water
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Fig. 1. Location map of study area

resources. This study aims to analyze the spatio-temporal
variability of rainfall trends in Chhattisgarh over the past
five decades, using advanced trend detection methods like
Mann-Kendall & Theil-Sen. The findings will offer
valuable insights into the state’s climate change
vulnerability, informing agricultural and water resource
planning. Finally, leveraging GIS for rainfall variability
assessment, though challenging, is essential for informed
decision-making and requires enhanced data collection and
technological advancements.

2.  Material and methods

2.1. Study area

Chhattisgarh, known as the "Rice Bowl" of India, is a
central Indian state with abundant natural resources and
minerals. It spans 27 districts over 135,192 kmz, divided
into three agro-climatic zones: Northern Hills, Chhattisgarh
Plains, and Bastar Plateau. The state's tropical, humid
climate, influenced by the Tropic of Cancer and ample
water resources, supports rain-fed agriculture, the primary
livelihood and economic backbone. The Mahanadi River is
its lifeline, with an average annual rainfall of 1279 mm.
Forests cover about 44% of the region, enriching
biodiversity and resources. Fig. 1 presents the location map
of the study area.

2.2. Data collection

Daily observed rainfall data was collected from the
Department of Agricultural Meteorology, College of
Agriculture, Raipur (Chhattisgarh). Additionally, daily
gridded rainfall data (0.25° x 0.25°) for the period 1971—
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2021 was obtained from the official website of the Indian
Meteorological Department (IMD), Pune, India. The
shapefile (.shp) of the study area was downloaded from the
Diva-GIS open-access portal. The ASTER Digital
Elevation Model (DEM) was accessed from the Earth
Explorer website (https://earthexplorer.usgs.gov/).

2.3. Software/ Programme

Python was used for coding to extract the daily
gridded (.grd extension) rainfall data. MATLAB software
was then employed for converting the data from daily to
monthly and from monthly to seasonal formats. MS Office
(Excel) was utilized for data processing, statistical analysis,
and preparing input data for trend analysis. MATLAB was
also used for the calculations of the Mann-Kendall (MK)
test, Modified Mann-Kendall (MMK) test, and Sen’s slope.
Finally, ArcGIS 10.5 software was used for data point
interpolation and the preparation of spatio-temporal maps.

2.4. Long-term rainfall variability and trend analysis

Long-term rainfall variability and trend analysis in
Chhattisgarh's ACZs involved statistical measures like
mean, standard deviation (SD), and percentage coefficient
of variation (CV) for monthly, annual, and seasonal time
series (Landsea and Gray, 1992). Trend analysis was
conducted using the MK test, MMK test, and Theil-Sen's
slope estimator (Kendall, 1975; Theil, 1950; Choudhury et
al., 2012, Hamed and Rao, 1998), implemented through
MATLAB. Rainfall datasets were categorized into time
series based on IMD-defined seasons: pre-monsoon
(March-May), monsoon (June-September), post-monsoon
(October-November) and winter (December-February).
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Fig. 2. Annual and seasonal rainfall pattern in different districts of Chhattisgarh

Spatial maps of rainfall trends were generated using the
Inverse Distance Weighted (IDW) interpolation technique
in ArcGIS 10.5, aiding visualization and analysis of rainfall
patterns over time.

3. Results and discussions

3.1. Rainfall patterns and variability across Agro-
climatic zones

Rainfall patterns and variability play a vital role in
Chhattisgarh’s hydrological cycle, influencing agriculture
and water management. This section examines the spatial
and temporal distribution of rainfall across the state’s three
Agro-Climatic Zones (Northern Hills, Chhattisgarh Plains,
and Bastar Plateau) during 1971-2021, using metrics such
as mean rainfall, standard deviation (SD), and coefficient
of variation (CV). Chhattisgarh receives most of its rainfall
during the monsoon season (June—September), while other
seasons exhibit significant variability. Table 1 summarizes
annual and seasonal rainfall statistics across the districts
and ACZs.

In the Northern Hills, districts like Balrampur,
Jashpur, and Koriya receive annual rainfall between 1113.8
mm (Balrampur) and 1387.4 mm (Jashpur). Monsoon
rainfall is relatively stable (CV = 24-26%), while Pre-
Monsoon and Winter rainfall are highly variable, with CVs
exceeding 100%. For example, Balrampur has a Pre-
Monsoon CV of 134%. SD for monsoon rainfall ranges
from 244.6 mm (Surguja) to 294.0 mm (Jashpur),
highlighting moderate inter-annual variation.
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The Chhattisgarh Plains experience the lowest annual
rainfall, with Balodabazar (1082.1 mm) and Bemetra
(1079.5 mm) receiving the least in the state. Monsoon
rainfall shows moderate stability (CV 22-28%),
supporting agricultural activities. However, Winter rainfall
is highly inconsistent, with CVs exceeding 120%, such as
Raipur’s Winter CV of 140%. Annual rainfall SD ranges
from 228.4 mm (Balodabazar) to 309.6 mm (Raipur),
reflecting moderate fluctuations. Stable monsoon rainfall
facilitates agriculture, but seasonal variability necessitates
irrigation and water conservation efforts.

The Bastar Plateau records the highest annual rainfall,
with Sukma (1644.5 mm) and Dantewada (1610.2 mm)
receiving the most in the state. Monsoon rainfall dominates
and exhibits low variability (CV = 23-25%), supporting
rainfed agriculture. However, Pre-Monsoon rainfall is
more variable, with Sukma’s CV reaching 66%,
challenging early agricultural planning. SD for annual
rainfall is the highest in the state, peaking at 486.6 mm in
Dantewada.

Rainfall variability across Chhattisgarh’s ACZs has
critical implications for agriculture and water resources.
The Northern Hills face challenges due to high seasonal
variability, especially in Pre-Monsoon and Winter periods.
The Chhattisgarh Plains, while benefiting from stable
monsoon rainfall, require adaptive strategies to address
seasonal inconsistencies. The Bastar Plateau benefits from
abundant monsoon rainfall but needs interventions to
manage variability during non-monsoon  periods.
Fig. 2 illustrates annual and seasonal rainfall distribution,
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TABLE 1

Annual and seasonal rainfall (mm) statistics in different districts and ACZs of Chhattisgarh (1971-2021)

Annual Monsoon Pre-Monsoon Post-Monsoon Winter

Districts/ACZs
Mean SD CV Mean SD CV Mean SD CV Mean SD CV Mean SD CV

Balrampur 11138 2696 24 9980 2618 26 200 267 134 610 514 84 348 351 101
Jashpur 1387.4 3411 25 12121 2940 24 445 465 105 836 665 80 47.1 49.0 104
Koriya 12826 330.1 26 11493 2932 26 261 313 120 63.0 488 77 442 479 109
Surajpur 12447 3150 25 1113.0 2934 26 263 315 120 605 482 80 450 453 101
Surguja 1330.1 2626 20 11722 2446 21 338 310 92 735 476 65 506 487 96

Northern Hills ACZ 1271.7 303.7 24 11289 2774 25 301 334 114 684 525 77 443 452 103

Balod 11506 2695 23 10332 2280 22 230 282 123 753 693 92 281 336 120
Balodabazar 10821 2284 21 9901 2102 21 160 200 125 488 481 99 272 326 120
Bemetra 10795 2305 21 9731 1988 20 171 240 141 614 722 118 278 363 131
Bilaspur 13420 2397 18 11714 2107 18 422 320 76 706 515 73 578 503 87
Dhamtari 12178 2953 24 10981 2773 25 290 367 127 648 626 97 259 281 108
Durg 11417 2617 23 10236 2299 23 213 223 105 698 593 85 272 350 129
Gariabandh 11986 286.8 24 10655 2473 23 497 583 117 645 703 109 190 229 120
Janjgir-Champa ~ 1227.4 2791 23 1117.6 2544 23 226 231 102 539 483 90 333 349 105
Kanker 11868 2703 23 10526 2477 24 311 365 117 788 703 89 243 247 101
Kawardha 11778 367.1 31 10302 3084 30 252 233 93 765 853 112 460 468 102
Korba 1327.8 2460 19 11867 2153 18 321 362 113 659 497 75 430 471 109
Mahasamund 11310 2287 20 10180 1954 19 295 320 108 576 581 101 260 289 111
Mungeli 1340.9 2959 22 11860 2584 22 414 519 125 745 709 95 389 499 128
Raigarh 12490 2428 19 10815 2013 19 378 355 94 744 592 80 553 432 78
Raipur 11341 309.6 27 10280 2829 28 233 310 133 576 508 104 253 354 140
Rajnandgaon 12135 2903 24 10777 259.8 24 243 285 117 711 663 93 403 410 102
g'&hzamsgarh Plains 10006 2714 23 10708 2391 22 201 325 113 666 626 94 341 369 112
Bastar 14236 2843 20 11958 2269 19 947 721 76 1104 793 72 226 240 106
Bijapur 15245 3502 23 13508 3515 26 391 367 94 1071 759 71 185 254 137
Dantewada 16102 486.6 30 14303 4831 34 520 458 88 1129 817 72 150 182 122
Kondagaon 1319.7 257.6 20 11481 2071 18 591 526 89 941 725 77 183 217 118
Narayanpur 14095 2852 20 12528 2385 19 429 528 123 937 719 77 201 264 132
Sukma 16445 3846 23 14272 3625 25 712 471 66 1294 724 56 168 212 126

Bastar Plateau ACZ 1488.7 3414 23 13023 3116 24 598 512 89 1079 756 71 186 228 123
Chhattisgarh State 1277.8 2929 23 11330 2623 23 376 377 107 778 645 85 319 349 114

highlighting its importance for sustaining the agrarian for rabi cultivation. Strategic water management,
economy. Annual rainfall ranges from less than 1,100 mm climate resilience measures, and adaptive agricultural
in drier areas to more than 1,500 mm in wetter regions. practices are essential to address rainfall variability
Monsoon rainfall supports kharif crops, while and optimize productivity across Chhattisgarh’s

Pre-Monsoon and Winter rainfall play supplementary roles Agro-Climatic Zones.
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TABLE 2

District-wise values of z-statistic for Annual and seasonal rainfall using MK and MMK tests in different ACZs
of Chhattisgarh during 1971-2021

ACZs/Districts Annual Monsoon Pre-Monsoon Post-Monsoon Winter
MK MMK MK MMK MK MMK MK MMK MK MMK
Northern Hills
Balrampur -1.71 -1.71 -1.61 -1.61 1.75 1.75 -1.45 -1.33 0.06 0.06
Jashpur -1.67 -1.67 -1.36 -1.36 -0.02 -0.01 0.00 0.00 -1.21 -1.21
Koriya -0.41 -0.43 -0.76 -0.76 2.18° 2.17° 0.00 0.00 1.54 2.05°
Surajpur -1.63 -1.63 -1.74 -1.74 2.05° 2.05° -0.29 -0.29 0.24 0.22
Surguja -1.54 -1.54 -1.90 -1.90 1.18 1.18 0.17 0.15 -0.66 -0.66
Chhattisgarh Plains
Balod 0.88 0.88 0.24 0.24 4.02° 3.26° 0.46 0.46 2.17° 2.17°
Balodabazar 0.68 0.76 -0.05 -0.06 3.02° 3.01° 0.39 0.39 151 1.97°
Bemetara 2.14° 2.28° 2.44° 2.44° 2.56° 2.54° -0.62 -1.57 1.15 1.15
Bilaspur -0.15 -0.18 -0.62 -0.82 0.98 0.98 -1.00 -1.15 -0.13 -0.13
Dhamtari -1.02 -1.02 -0.89 -0.89 1.18 1.18 0.19 0.19 0.11 0.14
Durg 1.36 1.36 0.58 0.58 3.94° 3.94° 0.36 0.36 2.62° 2.62°
Gariaband 0.49 0.49 0.73 1.05 0.03 0.05 -0.02 -0.02 -1.34 -1.34
Janjgir-Champa -2.012 -2.592 -2.13% -2.13% 1.49 1.49 0.12 0.12 -0.25 -0.25
Kanker 0.71 1.64 0.63 0.63 1.76 2.17° 0.96 0.80 0.36 0.49
Kawardha 1.06 1.04 1.58 2.08° 1.80 1.80 -1.61 -2.19% 0.80 0.80
Korba -0.94 -0.94 -1.30 -1.30 1.47 1.47 0.14 0.13 -0.13 -0.13
Mahasamund 0.19 0.24 0.02 0.02 0.89 1.22 0.18 0.24 -0.19 -0.27
Mungeli -0.26 -0.26 -0.12 -0.12 0.01 0.01 0.6 0.60 -0.93 -0.93
Raigarh 0.27 0.27 0.42 0.49 1.25 1.02 -1.26 -1.45 -0.62 -0.57
Raipur -0.10 -0.15 0.02 0.02 0.77 0.77 0.01 0.02 0.11 0.11
Rajnandgaon -1.28 -1.28 -1.43 -1.43 1.63 1.63 -1.65 -1.65 1.69 1.29
Bastar Plateau
Bastar 0.88 1.15 1.12 1.42 0.92 0.92 0.61 0.61 -0.98 -0.97
Bijapur 0.13 0.13 0.02 0.02 2.43° 2.43° -0.63 -0.63 1.50 1.50
Dantewada -0.73 -0.73 -0.71 -0.71 1.97° 1.97° -1.10 -0.96 0.71 0.71
Kondagaon 1.27 1.27 0.86 1.06 2.02° 2.02° 0.81 0.81 1.45 1.45
Nararyanpur 151 151 1.28 1.28 1.79 1.79 0.01 0.01 1.86 1.84
Sukma 1.66 1.66 1.14 1.14 1.58 1.58 0.98 0.98 0.17 0.13

3.2. MK and MMK analysis of rainfall trends

Table 2 presents the results of Mann-Kendall (MK)
and Modified Mann-Kendall (MMK) analyses for annual
and seasonal rainfall trends across Chhattisgarh’s districts.
Positive z-statistics indicate increasing rainfall trends,
while negative values denote declines. Statistically
significant results (5% level) are highlighted.

In the Northern Hills, while most rainfall trends show
declines, annual and monsoon rainfall remain relatively
stable. However, Koriya exhibits significant positive trends
in pre-monsoon (+2.18 MMK) and winter rainfall (+2.05
MMK), while Surajpur shows an increase in pre-monsoon
rainfall (+2.05 MMK). Post-monsoon rainfall remains
unchanged across the region.

In the Chhattisgarh Plains, mixed trends are evident.
Bemetara shows significant increases in annual (+2.28
MMK) and monsoon rainfall (+2.44 MMK), whereas
Janjgir-Champa exhibits significant declines in annual (-
2.59 MMK) and monsoon rainfall (-2.13 MMK). Positive
pre-monsoon trends are observed in Balod (+3.26 MMK),
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Durg (+3.94 MK), Balodabazar (+3.01 MMK), and
Bemetara (+2.54 MMK), whereas Kawardha records a
significant decline in post-monsoon rainfall (-2.19 MMK).
Winter rainfall increases significantly in Durg (+2.62 MK),
Balod (+2.17 MK), and Balodabazar (+1.97 MMK).

The Bastar Plateau predominantly shows positive trends in
pre-monsoon rainfall, with significant increases in Bijapur
(+2.43 MMK), Dantewada (+1.97 MMK), and Kondagaon
(+2.02 MMK). However, no significant trends are observed
in annual, monsoon, or post-monsoon rainfall.

Overall, the Northern Hills display isolated significant
increases in pre-monsoon and winter rainfall, while the
Chhattisgarh Plains exhibit a mix of increasing and
decreasing trends, emphasizing spatial variability. The
Bastar Plateau shows consistent positive trends in pre-
monsoon rainfall, suggesting the potential for early
cropping improvements.

Fig. 3 integrates rainfall variability and MK/MMK
trends, illustrating the coefficient of variation (CV) across
seasons. High variability is observed in the Northern Hills,
where monsoon rainfall declines in Jashpur and Surguja,
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Fig. 3. Annual and seasonal rainfall CV and trends (MKK) in different districts of Chhattisgarh

while pre-monsoon rainfall increases in Koriya and
Surajpur. In the Chhattisgarh Plains, districts like Durg and
Bemetara show positive trends in monsoon and annual
rainfall, while Janjgir-Champa experiences declines. In the
Bastar Plateau, significant pre-monsoon rainfall increases
in Sukma, Narayanpur, Bijapur, and Kondagaon highlight
opportunities for enhancing water resources, despite
localized declines in Dantewada. This analysis underscores
the region's climatic variability and its implications for
agriculture and water management. By combining CV
values with MK/MMK results, the findings offer a detailed
understanding of rainfall trends and variability, guiding
adaptive strategies for water resource planning and climate
resilience in Chhattisgarh.

3.3. Sen’s Slope analysis for rainfall trends
Sen’s slope analysis quantifies rainfall changes across

Chhattisgarh, complementing MK/MMK results and
variability insights from Section 3.1. Table 3 provides
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district-wise estimates for annual and seasonal rainfall
trends, with positive values indicating increases and
negative values declines.

In the Northern Hills, Rainfall trends predominantly
show declines across seasons, consistent with high
variability. Jashpur exhibits the steepest annual decline (-
4.91 mm/year), with similar reductions during the monsoon
(-4.71 mml/year in Surajpur). Slight positive trends are
noted in Pre-Monsoon rainfall, particularly in Koriya
(+0.35 mm/year). Winter rainfall remains stable, though
Koriya records an increase (+0.47 mm/year).

The Chhattisgarh Plains show Mixed trends reflect
moderate variability and significant MK/MMK  results.
Bemetara records the highest annual increase (+5.04
mm/year) and largest monsoon gain (+4.64 mm/year),
aligning with positive MK/MMK trends. Janjgir-Champa
shows sharp declines in annual (-3.83 mm/year) and
monsoon rainfall (-4.38 mm/year). Positive Pre-Monsoon
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TABLE 3

Districts-wise values of Sen’s slope for annual and seasonal rainfall (mm) in different ACZs of Chhattisgarh during 1971-2021

Districts/ACZs Annual Monsoon Pre-Monsoon Post Monsoon winter
Northern Hills
Balrampur -4.73 -4.30 0.21 -0.70 0.01
Jashpur -4.91 -3.49 0.00 0.00 -0.41
Koriya -1.24 -2.13 0.35 0.00 0.47
Surajpur -4.58 -4.71 0.34 -0.11 0.05
Surguja -4.09 -3.92 0.28 0.07 -0.23
Chhattisgarh Plains
Balod 1.98 0.36 0.58 0.20 0.35
Balodabazar 1.30 -0.08 0.33 0.18 0.15
Bemetara 5.04 4.64 0.26 -0.19 0.15
Bilaspur -0.52 -1.27 0.21 -0.52 -0.07
Dhamtari -2.77 -2.37 0.18 0.07 0.00
Durg 312 1.25 0.56 0.21 0.34
Gariaband 1.28 1.76 0.01 -0.02 -0.19
Janjgir-Champa -3.83 -4.38 0.29 0.04 -0.01
Kanker 1.52 1.16 0.29 0.52 0.04
Kawardha 2.26 2.29 0.30 -0.68 0.23
Korba -2.24 -2.93 0.27 0.11 -0.04
Mahasamund 0.55 0.07 0.15 0.07 -0.04
Mungeli -0.61 -0.36 0.00 0.25 -0.18
Raigarh 0.78 1.10 0.31 -0.68 -0.20
Raipur -0.41 0.02 0.08 0.00 0.00
Rajnandgaon -3.59 -3.15 0.16 -0.73 0.43
Bastar Plateau

Bastar 2.23 2.17 0.33 0.36 -0.11
Bijapur 0.57 0.12 0.56 -0.45 0.11
Dantewada -2.94 -3.23 0.47 -0.72 0.05
Kondagaon 3.33 1.99 1.00 0.49 0.20
Nararyanpur 3.87 3.23 0.46 0.01 0.16
Sukma 541 4.57 0.69 0.73 0.01

trends are noted, with Kawardha showing a notable
increase (+0.30 mm/year). Post-Monsoon and Winter
rainfall exhibit localized variability (e.g., Kanker gains
+0.52 mm/year post-monsoon, while Rajnandgaon declines
-0.73 mm/year). with increasing trends and the need for
mitigation strategies in regions with declining patterns.

In the Bastar Plateau, rainfall trends show consistent
increases across various periods. Sukma leads the region
with significant gains in both annual (+5.41 mm/year) and
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monsoon (+4.57 mm/year) rainfall. Kondagaon exhibits a
notable Pre-Monsoon increase (+1.00 mm/year), aligning
with positive MK/MMK results. While most districts show
upward trends, Dantewada demonstrates localized declines
in annual (-2.94 mm/year) and post-monsoon (-0.72
mm/year) rainfall.

The Sen’s slope analysis underscores the evolving
rainfall dynamics across Chhattisgarh, aligning with
variability and MK/MMK trends. While increasing trends
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in regions like the Bastar Plateau and parts of the
Chhattisgarh Plains provide opportunities for improved
agricultural practices, declining trends in the Northern Hills
and certain Plains districts highlight the need for adaptive
strategies to ensure sustainable water resource management
and climate resilience.

4. Conclusions

Rainfall variability and trends across Chhattisgarh’s
three Agro-Climatic Zones (Northern Hills, Chhattisgarh
Plains, and Bastar Plateau) present distinct challenges and
opportunities for water resource management and
agricultural planning. The Northern Hills exhibit high
seasonal variability and predominantly declining trends,
with Jashpur showing the steepest annual reductions.
However, localized increases in Pre-Monsoon and Winter
rainfall in districts like Koriya and Surajpur provide
potential for targeted interventions. The Chhattisgarh
Plains demonstrate mixed trends. While Bemetara and
Durg show increasing annual and monsoon rainfall,
districts like Janjgir-Champa experience significant
declines, requiring adaptive measures to ensure water
availability. Positive Pre-Monsoon trends in districts like
Balod and Kawardha highlight opportunities for early crop
sowing. The Bastar Plateau stands out with consistently
increasing rainfall, particularly in Sukma and Kondagaon,
suggesting robust potential for rainfed agriculture.
Nonetheless, localized declines in Dantewada call for
tailored strategies. These findings underscore the need for
climate-resilient planning, equitable water distribution, and
enhanced agricultural practices to optimize resource
utilization amid evolving rainfall patterns.
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