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ABSTRACT

Drought is most widespread natural disaster for agriculture and ecosystem as whole. Further, in recent
decades, drought severity has increased in some regions due to precipitation decreases or increases in
the atmospheric evaporative demand. Assessment and monitoring of drought in a region is very crucial
for reducing its negative impacts on agriculture. Therefore, in this study block level characterization of
agricultural and meteorological drought for Hazaribagh district was done using 35 years of daily rainfall
data (1983-2017) and IMD criteria. The intensity and frequency of drought varied among the blocks of
Hazaribagh district. The occurrence of mild drought was more frequent (7-14 drought years in 35 years)
while severe drought was very less frequent (1-2 drought years in 35 years) in the Hazaribagh district.
Similarly, late monsoon agricultural drought was more frequent (5-9 droughts in 35 years) followed by
early (3-10 droughts in 35 years) and mid (1-6 droughts in 35 years) monsoon drought. Almost all
blocks of Hazaribagh were affected by drought, however intensity and frequency of occurrence was
relatively higher in Chauparan, Barhi and Karedari blocks.
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Introduction

Drought is one of the most widespread and
common natural disasters (Yao et al., 2018). It is a
creeping phenomenon triggered by a deficiency of
precipitation that progressively holds an area over
time and can be persisted for a long time (Niaz et
al., 2022). Drought has severe effects on weather-
related events, natural ecosystems, economy,
agriculture, and environment. It can endanger the
production of agriculture and animal husbandry,
worsen the ecological environment, and even expose
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human to the risk of disease (Yusa et al., 2015; Kala
et al., 2017; Ruwanza et al., 2022). The immediate
impact of drought is on crop production and
livelihood of farmers and agricultural workers.
Drought leads to delayed crop sowing, poor crop
growth and less than normal crop sown area due to
inadequate soil moisture availability ultimately
leading to decrease in crop yield with a strong impact
on livelihood opportunities (Sai et al., 2016). Further,
precipitation is extremely vulnerable to global
warming, and its pattern has changed over many
regions in recent decades due changes in precipitation
and atmospheric evaporative demand (Vicente-
Serrano et al., 2020). The percentage of dry areas in



2022]

the world has increased by approximately 1.74% per
decade during 1950-2008 (Dai, 2011). In a study,
Bisht et al. (2019) has reported increasing trend in
severity, duration, occurrences, and length of drought
in India under warming climate scenarios.
Furthermore, it exhibits substantial spatial and
temporal variability in various climates and regions.
Almost every year one or the other region of the India
is affected by drought in varying intensities. Out of
142-million-hectare net sown area in India about,
two-thirds is reported to be vulnerable to drought
conditions (Sai et al., 2016). Thus, drought can affect
agriculture, communities and environments
worldwide in several ways. Therefore, a compre-
hensive understanding, assessment and monitoring
of drought characteristics in a region is very
important and crucial for reducing its vulnerability
to the negative impacts of drought. The present study
characterised the meteorological and agricultural
draught at a spatial scale of block level for entire
Hazaribagh district of Jharkhand.

Material and methods

Study area

Hazaribagh district lies between 23.5°-24.40° N
Latitude and 85.1°-85.9° E Longitude in an area of
about 4310.33 km?. It is sixth largest districts in terms
of area in the state and it forms the central portion of
the North Chotanagpur Division of Jharkhand state.
It falls under agro-climatic sub-zone I'V (Central and
North Eastern Plateau Zone of Jharkhand). The
district comes under tropical monsoon region. The
minimum annual temperature of the district varied
from 15.3°C t0 20.6°C with 19.5°C average minimum
temperature while maximum annual temperature
varied from 27.4°C to 31.1°C with 29.3°C average
maximum temperature. Soil is acidic in nature with
sandy loam to loamy sand in texture and its nitrogen
content varied from 280-445 kg ha' (Gupta et al.,
2020). The Hazaribagh district has 16 blocks, how-
ever, rainfall data was available only for 10 blocks
and hence only 10 blocks were studied in this study.

Rainfall data and its analysis

Daily rainfall data for a period of 35 years (1983-
2017) of 10 blocks of the district were collected from
District Statistical and Agricultural office,
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Hazaribagh, Director of Economics & Statistics,
Ranchi and CRURRS Hazaribagh and were analysed
for the purpose of the present study. The detail
analysis of rainfall for meteorological and
agricultural drought were done using a software
Weather cockver. 1 & 1.5. The criteria adopted by
India Meteorological Department (IMD) was used
for classifying drought. The meteorological drought
years were classified as mild, moderate and severe
drought years when rainfall deficit was upto 25, 26-
50 and > 50 per cent, respectively. India is a monsoon
dependent nation for agriculture and most of the
precipitation occurs through south-west monsoon.
Therefore, agricultural drought was classified for
kharif season and was defined as at least four
consecutive weeks receiving less than half of normal
rainfall when the normal weekly rainfall is 5 mm or
more. Agricultural droughts were analysed for three
critical periods i.e. early season drought (22-28
standard meteorological week (SMW)), mid-season
drought (29-35 SMW) and late season drought (36-
42 SMW).

Result and Discussion

Meteorological drought

The intensity and frequency of meteorological
drought varied among the blocks of Hazaribagh
district (Tablel, Fig. 1). During the observed period
(35 years), the district experienced 16-20 drought
years of different intensities, viz., mild, moderate and
severe. The mild drought was most frequent (7-14
drought years in 35 years) and accounted for 41-82%
of total drought years during 1983-2017 among the
blocks (Fig. 1). Among studied blocks, Barkatha,
Hazaribagh and Bishnugarh having 14, 14 and 13
mild drought years in 35 years respectively were most
affected by mild drought (Fig. 1). Consecutive mild
drought years occurred for five times in Barkatha
(1988-89, 1992-93,2000-01,2011-12 and 2016-17)
and two times in Hazaribagh (1988-89 and 2003-
04). Among the blocks, occurrence of moderate
drought ranged from 3-10 drought years (18-59% of
total drought years) during 1983-2017. Moderate
drought was most frequent in Barkagaon block with
10 drought years during 1983-2017(59% of total
drought years) followed by Ichak block with 8
drought years (42% of total drought years). In both



[Vol. 22

Journal of Agricultural Physics

286

syoom Jo o3uel s sosoypuared ur onfea :9JoN

vl 91 1'c 01 L0 0C 61 01 as

YL v'e €9 1'81 90 8¢ LTl 691 UedN

06 09 001 00T 0C 001 01 081 XeN

0¢ 01 0¢ 0Ll 00 0¢ 0L 01 Uty

(S-¥) €¥ 0L (S-¥) €¥ 0¢  (I1-%) $T9S 08 061 01 09 0TI 091 LIEPOI]

0 0 STy 0 O sy 09 00T 0T 0L 011 0°SI Ipueswey ey

(L) 8¥ 06 9-¥) 09 01 (L¥) 9y 06 061 00 08 011 091 Jeyo]

(S-¥) v 0S (S-v) ¢y 0°¢ 1) 9¥ 0 0'81 00 0t 0v1 0°LT ySequezey

(6v) €¥ 06 v sy 0t O-v) sy 0t 0'LT 01 0t 0'CI 0'81 nyaInyy

(Lv) 9y 08 (I1-¥) €9 09 (S-¥) €¥ 001 061 01 09 0CI 091 ueredney)

(S-¥) ¥ 0L 08 01 (L) S¥ 09 0°LT 00 0t 0°€l 081 yresnuysrg

(Lv) Ly 0L (L) S'S 0¢C (9-v) €€°¢ 0¢ 0'LT 00 0¢ 01 081 eyiereq

9-9) SL'¥ 08 (8-%) 0°S (187 (9-%) €8'¥ 09 0Ll 00 001 0L 081 uoegeIeq

(I1-9) 6% 06 (6-7) 8'¥ 0¢ (L) LTS 09 081 01 09 011 0Ll yregq

(syyeom) (syyoom) (syyeom) (s1e0K) (s1e0K) (s1e2K) (s1eok)
uonjein Aouonborj uonemnq Aouonbaiy uoneing Aouonbarjy  jySnoip Jy3noip Jy3noip jysnoIp Jy3noip
Jysnoip aje Jy3noIp pIA JySnoip Ajreq [e1o1, QI9AS Q)RISPOIN PITIN ON

1y3noip eI noLsy

JYSNOoIp [BOIS0[0I0IN syoorg

L10Z-€861 Sunmp 1o1nsIp ysequiezey Jo S)90[q SNOLIBA UI JY3NOIp [eIN)NOLISE puk [d130[0109)9W JO AJIsudjul pue Aoudnbaiq *1 d[qe],



2022]

m Mild drought

® Moderate drought

Characteristics of Meteorological and Agricultural Drought of Hazaribagh District 287

u Severe drought

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Barhi Barkagaon  Barkatha

Bishnugarh Chauparan

Churchu  Hazaribagh Ichak  Katkamsandi Keredari

Fig. 1. Percentage share of mild, moderate and severe meteorological droughts in the various blocks of Hazaribagh

district

of these block, consecutive drought years was
occurred only once (Barkagaon: 2002, 2003 and
2004; and Ichak 1992-93) during the study period.
The occurrence of severe drought was rare (1-2
drought years in 35 years) and was observed in five
stations among which Katkamsandi experienced
twice and Barhi, Chauparan, Churchu and Keredari
experienced once in 35 years. No consecutive severe
drought was occurred in any of the studied block
during the study period. Among the meteorological
droughts, mild meteorological drought is common
in Jharkhand. Similar result has been also reported
by Tiwar et al. (2007), however their study lack block
level variation in meteorological drought. Tiwari et
al. (2007) characterized meteorological drought for
the drought prone Hazaribagh district using annual
and monsoon seasonal rainfall data for a period of
80 years (1913-1992) and drought classification of
India Meteorological Department. Similar to our
study, they also reported “mild drought” as common
meteorological drought in Hazaribagh. Kumari ez al.
(2014) also characterise meteorological droughts for
Palamau district of Jharkhand using 56 years (1956-
2011) rainfall data and similar methodology and
reported that Palamau region experienced 32 drought

years out of which 16 were mild, 15 moderate and
one severe accounting for 29%, 27% and 2%,
respectively. However, their study also lacks block
level variation in meteorological drought. In the
present study, the observed variation in occurrence
of meteorological drought among the blocks was
mainly due to spatial variation in amount and
frequency of rainfall among the blocks (Gupta and
Kumar, 2018; Gupta et al., 2020).

Agricultural drought

The agricultural drought in Hazaribagh district
was found to occur in all the three spells. The early,
mid and late stage of agricultural drought occurs
during 22-28 SMW, 29-35 SMW and 36-42 SMW
respectively. All the blocks were highly affected by
late season drought followed by early season drought
(Table 1, Fig. 2). The late monsoon agricultural
drought was more frequent (5-9 droughts in 35 years)
followed by early (3-10 droughts in 35 years) and
mid (1-6 droughts in 35 years) monsoon drought.
The percentage share of late drought ranged from
31-58% while 23-47% and 5-31% for early and mid-
season agricultural drought respectively among the
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Fig. 2. Percentage share of early, mid and late monsoon season agricultural drought in various blocks of

Hazaribagh district

blocks (Fig. 2). All together, the occurrence of these
three agricultural droughts (i.e. early, mid and late
season drought) was not found in any years and any
blocks during 1983-2017, while occurrence of two
meteorological droughts in a year i.e. early-mid,
early-late and mid-late was also rare and was found
to occurs in 1-4 years in 35 years of the study. Among
the blocks, Barhi block observed highest number of
two consecutive agricultural droughts in a year
followed by Chauparan. Barhi faced, early-mid
drought in 1983, early-late drought in 1986, early-
late drought in 2005 and mid-late drought in 2009.
While, Chauparan faced early-late drought in 1983,
mid-late drought in 2010 and early-late drought in
2015. The length of drought period varied from 4-
11 weeks and was longer for mid-season agricultural
drought compared to late and early drought (Fig. 3).
Among the blocks, Chauparan, followed by Barhi,
Ichak, Karedariand katkamsandi were most
agricultural drought affected blocks of Hazaribagh
district. The frequency of early drought was found
highest in Chauparan (10 early droughts in 35 years)

followed by Ichak (9 early droughts in 35 years) and
Karedari (8 early droughts in 35 years). Chauparan,
Barhi and Katkamsandi were most affected blocks
by mid-season drought, while almost all blocks were
affected by late season drought. Among the blocks,
Chauparan faced all three types of meteorological
drought most frequently. Thus, the early stage
agricultural drought is of a great concern in
Chauparan, Ichak and Karedari and cause delay in
land preparation, sowing and early vegetative crop
growth. While, late season drought was being a great
concern for all the blocks and can leads to crop
failure. Technological intervention can benefit the
crops if drought occurs at mid-, early, or late season
rather than throughout the crop growth stage (Rane
and Minhas, 2017). Adoption of soil moisture
conservation practices, conservation agriculture
involving mulching and intercultural practices and
selection of drought tolerant and short duration
variety can be helpful in elevating the effect drought
(Nagaraja and Ekambaram 2015; Rane and Minhas,
2017; Ranjan et al., 2020; Pathak et al., 2021).
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Fig. 3. Duration of early, mid and late monsoon season agricultural drought in various blocks of Hazaribagh

district

Conclusions

All the studied blocks of Hazaribagh district
faced drought, however, severe drought was least
frequent. The early stage (22—-28 SMW) agricultural
drought which coincide with land preparation,
sowing and early vegetative crop stage, is of a great
concern for ensuring the good crop stand in
Chauparan, Ichak and Karedari. Therefore, in these
blocks creation of assured irrigation facility for
nursery raising or dry sowing without irrigation is
recommended. The third spell of agricultural drought
i.e. late season drought was found in all the blocks.
This occurs in 36-42 SMW and coincided with the
active reproductive stage of kharif crops. Therefore,
short duration variety must be recommended in the
Hazaribagh district.
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