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Foreword

Climate change is considered to be the biggest challenge posing threat to food security
vis-a-vis sustainability and profitability of agriculture in our country. It is now a global reality
that India is one of the most vulnerable countries to climate change and at present climate
change is seriously affecting agricultural production through causing climate variability and
increased extensive events like drought, floods, cyclones, etc. The overall strategy shall be to
transform agricultural production systems into a climate smart vibrant production system.
Under such a situation, it is necessary that climatic information down to micro-level is made
available for effective planning and to fine tune agricultural operations. Options like
introducing weather linked farming practices suitable to local agroclimatic resources and length
of growing periods could be seriously explored apart from utilizing actionable weather forecast
based agro-met advisories.

Bihar is one of the most climate sensitive states of India on account of its unique geo-
climatic conditions and high population. Drought, flood, heat wave, cold wave, extreme
rainfall events and hailstorm are common occurrences in Bihar. In this context, it is essential
that agro-climatic resources of the state are evaluated properly at micro-level for chalking out
tactical and strategic action plans to address the serious issues concerning climate change.

I am happy that All India Coordinated Research Project on Agrometeorology
(AICRPAM) operating at Centre for Advance Studies on Climate Change, Dr. Rajendra Prasad
Central Agricultural University is bringing out an important publication entitled *Agroclimatic
Atlas of Bihar” encompassing different agroclimatic products in the form of thematic maps.
The products of this atlas would help the farmers, policy makers and researchers in a long way
to mitigate the negative impact of climatic change and sustain the agricultural production on a
sustainable basis.

| compliment the authors of this Atlas and hope that it would be of immense use to the
researchers in planning their future line of research, for policy makers to execute their action
plan on Bihar agriculture for the benefit of the farming community.

/t’c‘"ﬁ’:{——
(T. Mohapatra)

Date: 12" February 2021
Place: New Delhi-110 001
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Message

The Impaortance of weather In agriculture has become more
pronounced in recent years due to climate change. The success and failure
of agricultural enterprises i1s strongly dependent on the variability of weather
and chmate. Since more than 50 per cent of the cultivated land in Bihar is
rainfed and agricultural preduction is heavily dependent an the monsoon
rainfall, crop production in the state is highly sensitive to climatic variability
The need of the hour is, therefore, to adopt weather-wise farming practices.
In the context of climate change, it is also necessary to understand potential
and constraints of the agroclimatic resources of the state.

I am happy to nota that All India Coordinated Research Project on
Agrometeorology (AICRPAM) operating at Centre for Advance Studies on
Climate Change of Dr. Rajendra Prasad Central Agricultural University has
developed Agrocliimalic Atlas of Bihar for taking rational decisions on future
agricultural programmes in the light of climate change impact on agricultural
production. This would serve as a referance book for chalking out climate
change related policy matters for the entire state.

| wish to record my appreciation and congratulate all the authors of
the book, which will serve many purposes in agricultural research and help
in boosting agricultural production of Bihar under changing climatic

scenano
i
I'..-.-—'—' ek e
{5. K. Chaudhari)
Phone : +91-11-2584 8364 E-mail : ddg.nrm & icar.gov.in

Fax : +81-11-2584 8366 Website : www.lcar.org.in
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Message

The economy of Bihar like rest of the country & heavily dependent on agriculture and
almost 85-90 percent people of the state are directly or indirectly engaged in agricultural
activities., As crops remain exposed to the whims of weather right from germination to
harvesting. it is essential that we adopt weather based farming practices to impart resilience
e agricultural production against extreme weather condition in the wake of ¢limate change.
I'his could be achieved by wilizing weather as an input n agriculture. Under such situation.
agroclimatic resources of a state need to be properly characterized and categorized in terms of
its potential and constraints for successful agricultural planning.

I am happy W note that All India Coordinated Research Project on Agrometeorology
operating under Centre for Advance Studies on Climate Change. RPCALU, Pusa has made an
attempt in bringing out the Agroclimatic Atlas of Bihar. which contains numerous valuable
information viz. different value added agroclimatic products derived from ramfall,
temperature, relative humidity. wind and potential evapotranspiration depicted through GIS
maps. | am sure that these would help our ongoing efforts in achieving desired goal of
sustaining agricultural productivity and profitability under changing ¢limatic scenario. | wish
that the mformation generated in the Atlas would serve as an important guideline and
reference material for ¢halking out future course of action and designing location specific
agricultura! projects Bihar,

| congrawlate Dr. Sattar and his team For bringing out this very useful document and wish
that it will help scientists, researchers, policy makers and farmers in boosting agricultural

production in the state of Bihar.

(R.C. Seivastava)



PREFACE

Bihar's economy is highly dominated by agriculture and allied sectors. Around 85 to 90
percent of the population still lives in rural areas, where agriculture along with animal husbandry, is
the main source of their livelihood. Climate change is now a reality in Bihar and could be felt in
terms of abnormal temperature, erratic rainfall pattern leading to frequent dry spell/ drought and
related extreme weather events impacting agricultural production system in the state. There is an
urgent need to address the challenges posed by climate change on agriculture and its allied sectors in
the state. The overall strategy would be to transform agricultural production systems into a climate
resilient and climate smart vibrant production system through various interventions in order to
achieve sustainable food security amidst land degradation and over exploitation of natural
resources.

The issue of climate change and erratic nature of weather has forced the scientists, farmers
and policy makers to pay attention to agricultural meteorology. Under such situation, it is necessary
that climatic information down to micro-level is made available for effective planning and to fine
tune agricultural operations. Hence, there is an urgent need for compilation of weather information
in respect of crop production. In this agroclimatic atlas, greater focus has been given to generate
agroclimatic products related to rainfall, temperature, potential evapo-transpiration based on
agroclimatic analyses. Accordingly, lots of GIS maps based on these products have been generated
in this atlas, which will help the farmers, policy makers and researches to undertake strategic
researches and policy making under changing climatic condition. Apart from these, information on
cropping trend and climate change in Bihar has been included. The Atlas gives a very broad picture
of the status of available agroclimatic resources of the state. Hence, it could be used as reference
material to further go ahead in terms of designing future projects related to Bihar agriculture under
changing climatic condition. The Atlas is the outcome of research activities carried out under All
India Coordinated Project on Agrometeorology.

We take this opportunity to express our sincere thanks and gratitude to Dr. R.C. Srivastava,
Hon'ble Vice Chancellor, Dr. Rajendra Prasad Central Agricultural University, Pusa, Bihar for his
keen interest, encouragement and valuable guidance, and for providing necessary facilities for
carrying out this work. Hon'ble Vice Chancellor has been a great motivator and mentor right from
initiation to final completion of this important work.

We are very thankful to Dr. K.M. Singh, Dean (Agriculture) and Dr M.S. Kundu, Director of
Extension Education for their support and guidance.

Information collated from different sources of literature cited in this Atlas is duly
acknowledged. Weather data available at Agrometeorology Division, Center for Advance Studies
on Climate Change, RPCAU, Pusa and data received from IMD, Govt. of India have been used in
analysis for developing the Atlas.

Thanks are due to the Publication Division, RPCAU, Pusa for facilitating the publication of
the Agroclimatic Atlas of Bihar.

Authors

—©
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university. He has published more than 35 research papers in peer reviewed national and international
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recognition of his contributions, Rajendra Agricultural University, Pusa, Bihar (Now Dr. RPCAU, Pusa)
gave him “Best Teacher/Scientist Award” in 2011. He is the recipient of “Best Ph.D Thesis Award” from the
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During a span of more than 35 years of service, Dr. Singh has developed and
released 15 rice varieties for different eco-systems of Bihar. Among them, Rajendra Bhagwati and
Rajendra Saraswati are worth mentioning and popular among the farmers. Dr. Singh is most popular
among the farmers for DSR technology of rice, in which rice is grown as wheat without puddling
and transplanting, having yield potential near to transplanted rice. At present, he is working for
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Inauguration of Agrometeorological Observatory by
Shri Kailash Choudhary

Hon,ble Union Minister of State for Agriculture
Govt. of India and
Dr. R. C. Srivastava
Hon,ble Vice Chancellor, RPCAU, Pusa
on 17 February, 2020




uawsinseaw paads puipy

pusainseal paads puipn

iosuas upl3eipey pasnyg

guusjuy |Jey

uawainsealy paads puip

!

W3LSAS 23

aqo.d HY




CONTENTS

PARTICULARS Page No.

Chapter 1 | General Agriculture and Agroclimatic Features of Bihar 1-8

Chapter 2 | Spatial Variations in Productivity of Different Crops over Bihar 9-14

Chapter 3 | Trends in Area, Production and Productivity of Major Crops in 15-26
Bihar

Chapter 4 | Climate Types and Rainfall Distribution Pattern Over Bihar 27-49

Chapter 5 | Distribution of Rainy Days during Different Seasons in Different 50-50
Districts in Bihar

Chapter 6 | Spatial and Temporal Variations in Maximum and Minimum 53-64
Temperatures over Bihar

Chapter 7 | Spatial and Temporal Variations in Relative Humidity During 65.76
Different Months over Different Districts of Bihar

Chapter 8 | Spatial and Temporal Variations in Wind Velocity during 7778
Different Seasons over Different Districts in Bihar

Chapter 9 | Probabilities of Dry and Wet Spell in Bihar 79-106

Chapter 10| Spatial and Temporal Variations in Potential Evapotranspiration 107-116
(PET) in Bihar

Chapter 11 | Rainfall and PET Based Products for Agricultural Decision 117-126
Making in Bihar

Chapter 12| Length of Growing Periods (LGP) for Different Districts in Bihar | 127-134

Chapter 13| Onset, Cessation and Length of Rainy Season and Crop Potential | 135-144

Chapter 14| Water Availability Period and Crop Potential Based on Moisture | 145-150
Availability Index (MAI) and Assured Rainfall

Chapter 15| Available Water Holding Capacity of Soils of Bihar 151-152

Chapter 16| Spatial and Temporal Variations in Global Radiation over Bihar | 153.158

Chapter 17| Climate Change and Extreme Weather in Bihar 159-192

Chapter 18| References 193-194




LIST OF FIGURES

Fig. No. Title Page No.
Fig. 1.1 Map showing various agroclimatic zones of Bihar 4
Fig.2.1 Spatial variation in productivity of kharif rice over Bihar 10
Fig.2.2 Spatial variation in productivity of summer rice over Bihar 11
Fig.2.3 Spatial variation in productivity of wheat over Bihar 11
Fig.2.4 Spatial variation in productivity of green gram over Bihar 12
Fig.2.5 Spatial variation in productivity of rapeseed over Bihar 12
Fig.2.6 Spatial variation in productivity of kharif maize over Bihar 13
Fig.2.7 Spatial variation in productivity of rabi maize over Bihar 13
Fig.2.8 Spatial variation in productivity of chick pea over Bihar 14
Fig.2.9 Spatial variation in productivity of pigeon pea over Bihar 14
Fig.3.1 Area, production and productivity of rice in Bihar 15
Fig.3.2 | Area, production and productivity of wheat in Bihar 16
Fig.3.3 Area, production and productivity of rabi maize in Bihar 17
Fig.3.4 | Area, production and productivity of autumn maize in Bihar 18
Fig.3.5 Area, production and productivity of rape and mustard in Bihar 19
Fig.3.6 Area, production and productivity of lentil in Bihar 20
Fig.3.7 Area, production and productivity of chick pea in Bihar 21
Fig.3.8 Area, production and productivity of sun flower in Bihar 22
Fig.3.9 Area, production and productivity of black gram in Bihar 23
Fig.3.10 | Area, production and productivity of linseed in Bihar 24
Fig.3.11 | Area, production and productivity of sugarcane in Bihar 25
Fig.3.12 | Area, production and productivity of Jute in Bihar 26
Fig.4.1 Climatic types over Bihar based on Thornthwaite and Mather (1955) 29

climatic classification
Fig.4.2 Spatial variability of annual rainfall in Bihar 30
Fig.4.3 Spatial variability of rainfall during summer season in Bihar 30
Fig.4.4 Spatial variability of rainfall during kharif season in Bihar 31
Fig.4.5 Spatial variability of rainfall during rabi season in Bihar 31
Fig.4.6 | Coefficentofvariation (CV) of annual rainfall in Bihar 33
Fig.4.7. | Coefficent of variation (CV) of kharif season rainfall in Bihar 33
Fig.4.8 Coefficent of variation (CV) of rabiseason rainfall in Bihar 34
Fig.4.9 Coefficent of variation (CV) of summer season rainfall in Bihar 34
Fig.4.10 | Spatial varibility ofrainfall during January over different districts of Bihar 35




LIST OF FIGURES

Fig. No. Title Page No.

Fig.4.11 | Spatial varibility of rainfall during February over different districts of 35
Bihar

Fig.4.12 | Spatial varibility ofrainfall during March over different districts of Bihar 36

Fig.4.13 | Spatial varibility of rainfall during April over differnt districts of Bihar 36

Fig.4.14 | Spatial varibility of rainfall during May over different districts of Bihar 37

Fig.4.15 | Spatial varibility of rainfall during June over differnt districts of Bihar 37

Fig.4.16 | Spatial varibility of rainfall during July over different districts of Bihar 38

Fig.4.17 | Spatial varibility of rainfall during August over differnt districts of Bihar 38

Fig.4.18 | Spatial varibility of rainfall during September over different districts of 39
Bihar

Fig.4.19 | Spatial varibility of rainfall during October over differnt districts of Bihar 39

Fig.4.20 | Spatial varibility of rainfall during November over differnt districts of 40
Bihar

Fig.4.21 | Spatial varibility of rainfall during December over differnt districts of 40
Bihar

Fig.5.1 Spatial variability of annual rainy days in different districts of Bihar 50

Fig.5.2 | Spatial variability of rainy days during summer season in different districts 51
of Bihar

Fig.5.3 Spatial variability of rainy days during monsoon season in different 51
districts of Bihar

Fig.5.4 Spatial variability of rainy days during post monsoon season in different 52
districts of Bihar

Fig.5.5 Spatial variability of rainy days during winter season in different districts 59
of Bihar

Fig.6.1 Spatial variation of mean maximum tempearture during January over 53
different districts of Bihar

Fig.6.2 Spatial variation of mean maximum tempearture during February over 53
different districts of Bihar

Fig.6.3 Spatial variation of mean maximum tempearture during March over 54
different districts of Bihar

Fig.6.4 Spatial variation of mean maximum tempearture during April over 54
different districts of Bihar

Fig.6.5 Spatial variation of mean maximum tempearture during May over 55

different districts of Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig.6.6 | Spatial variation of mean maximum tempearture during June over 55
different districts of Bihar

Fig.6.7 Spatial variation of mean maximum tempearture during July over different 56
districts of Bihar

Fig.6.8 Spatial variation of mean maximum tempearture during August over 56
different districts of Bihar

Fig.6.9 Spatial variation of mean maximum tempearture during September over 57
different districts of Bihar

Fig.6.10 | Spatial variation of mean maximum tempearture during October over 57
different districts of Bihar

Fig.6.11 | Spatial variation of mean maximum tempearture during November over 58
different districts of Bihar

Fig.6.12 | Spatial variation of mean maximum tempearture during December over 58
different districts of Bihar

Fig.6.13 | Spatial variation of mean minimum tempearture during January over 59
different districts of Bihar

Fig.6.14 | Spatial variation of mean minimum tempearture during February over 59
different districts of Bihar

Fig.6.15 | Spatial variation of mean minimum tempearture during March over 60
different districts of Bihar

Fig.6.16 | Spatial variation of mean minimum tempearture during April over 60
different districts of Bihar

Fig.6.17 | Spatial variation of mean minimum tempearture during May over different 61
districts of Bihar

Fig.6.18 | Spatial variation of mean minimum tempearture during June over different 61
districts of Bihar

Fig.6.19 | Spatial variation of mean minimum tempearture during July over different 62
districts of Bihar

Fig.6.20 | Spatial variation of mean minimum tempearture during August over 62
different districts of Bihar

Fig.6.21 | Spatial variation of mean minimum tempearture during September over 63
different districts of Bihar

Fig.6.22 | Spatial variation of mean minimum tempearture during October over 63

different districts of Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig.6.23 | Spatial variation of mean minimum tempearture during November over 64
different districts of Bihar

Fig.6.24 | Spatial variation of mean minimum tempearture during December over 64
different districts of Bihar

Fig.7.1 Spatial variation in morning relative humidity (%) in January over 65
different districts of Bihar

Fig.7.2 | Spatial variation in morning relative humidity (%) in February over 65
different districts of Bihar

Fig.7.3 Spatial variation in morning relative humidity (%) in March over different 66
districts of Bihar

Fig.7.4 Spatial variation in morning relative humidity (%) in April over different 66
districts of Bihar

Fig.7.5 Spatial variation in morning relative humidity (%) in May over different 67
districts of Bihar

Fig.7.6 Spatial variation in morning relative humidity (%) in June over different 67
districts of Bihar

Fig.7.7 Spatial variation in morning relative humidity (%) in July over different 68
districts of Bihar

Fig.7.8 Spatial variation in morning humidity (%) in August over different 68
districts of Bihar

Fig.7.9 Spatial variation in morning relative humidity (%) in September over 69
different districts of Bihar

Fig.7.10 | Spatial variation in morning relative humidity (%) in October over 69
different districts of Bihar

Fig.7.11 | Spatial variation in morning relative humidity (%) in November over 70
different districts of Bihar

Fig.7.12 | Spatial variation in morning relative humidity (%) in December over 70
different districts of Bihar

Fig.7.13 | Spatial variation in evening relative humidity (%) in January over different 7
districts of Bihar

Fig.7.14 | Spatial variation in evening relative humidity (%) in February over
different districts of Bihar 7l

Fig.7.15 | Spatial variation in evening relative humidity (%) in March over different 72

districts of Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig.7.16 | Spatial variation in evening relative humidity (%) in April over different 72
districts of Bihar

Fig.7.17 | Spatial variation in evening relative humidity (%) in May over different 73
districts of Bihar

Fig.7.18 | Spatial variation in evening relative humidity (%) in June over different 73
districts of Bihar

Fig.7.19 | Spatial variation in evening relative humidity (%) in July over different 74
districts of Bihar

Fig.7.20 | Spatial variation in evening relative humidity (%) in August over different 74
districts of Bihar

Fig.7.21 | Spatial variation in evening relative humidity (%) in September over 75
different districts of Bihar

Fig.7.22 | Spatial variation in evening relative humidity (%) in October over different 75
districts of Bihar

Fig.7.23 | Spatial variation in evening relative humidity (%) in November over 76
different districts of Bihar

Fig.7.24 | Spatial variation in evening relative humidity (%) in December over 76
different districts of Bihar

Fig.8.1 Spatial variation in wind speed during summer over the districts of Bihar 77

Fig.8.2 Spatial variation in wind speed during kharif season over the districts of 78
Bihar

Fig.8.3 Spatial variation in wind speed during rabi season over the districts of 78
Bihar

Fig.9.1 Probability for occurrence of two weeks of dry spell (P, 2D) in January 80

Fig.9.2 | Probability for occurrence of two weeks of dry spell (P, 2D) in February 80

Fig.9.3 Probability for occurrence of two weeks of dry spell (P, 2D) in March 81

Fig.9.4 Probability for occurrence of two weeks of dry spell (P, 2D) in April 81

Fig.9.5 Probability for occurrence of two weeks of dry spell (P,2D) in May )

Fig.9.6 Probability for occurrence of two weeks of dry spell (P, 2D) in June 82

Fig.9.7 | Probability for occurrence of two weeks of dry spell (P, 2D) in July ]3

Fig.9.8 | Probability for occurrence of two weeks of dry spell (P, 2D) in August 83

Fig.9.9 | Probability for occurrence of two weeks of dry spell (P, 2D)in September 84

Fig.9.10 | Probability for occurrence of two weeks of dry spell (P, 2D) in October 84

Fig.9.11 | Probability for occurrence of two weeks of dry spell (P, 2D) in November 85

Fig.9.12 | Probability for occurrence of two weeks of dry spell (P, 2D) in December 85




LIST OF FIGURES

Fig. No. Title Page No.
Fig.9.13 | Continuity of P(W/W) with 20 mm rainfall at 50 % Probability level 86
Fig.9.14 | Probability of P(W) with 10 mm rainfall over different districts of Bihar 86
Fig.9.15 | Probability of P(W/D) with 10 mm rainfall over different districts of Bihar 87
Fig.9.16 | Probability of P(W/W) with 10 mm rainfall over different districts of Bihar 87
Fig.9.17 | Probability of P(W) with 20 mm rainfall over different districts of Bihar 88
Fig.9.18 | Probability of P(W/D) with 20 mm rainfall over different districts of Bihar 88
Fig.9.19 | Probability of P(W/W) with 20 mm rainfall over different districts of Bihar 89
Fig.9.20 | Probability of P(W) with 50 mm rainfall over different districts of Bihar 89
Fig.9.21 | Probability of P(W/D) with 50 mm rainfall over different districts of Bihar 90
Fig.9.22 | Probability of P(W/W) with 50 mm rainfall over different districts of Bihar 90
Fig.9.23 | Probability of P(W) with 10 mm rainfall over different districts of Bihar 91
Fig.9.24 | Probability of P(W/D) with 10 mm rainfall over different districts of Bihar 91
Fig.9.25 | Probability of P(W/W)with 10 mm rainfall over different districts of Bihar 92
Fig.9.26 | Probability of P(W) with 20 mm rainfall over different districts of Bihar 92
Fig.9.27 | Probability of P(W/D)with 20 mm rainfall over different districts of Bihar 93
Fig.9.28 | Probability of P(W/W) with 20 mm rainfall over different districts of Bihar 93
Fig.9.29 | Probability of P(W) with 50 mm rainfall over different districts of Bihar 94
Fig.9.30 | Probability of P(W/D) with 50 mm rainfall over different districts of Bihar 94
Fig.9.31 | Probability of P(W/W) with 50 mm rainfall over different districts of Bihar 95
Fig.9.32 | Probability of P(W/D) with 20 mm rainfall over different districts of Bihar 95
Fig.9.33 | Probability of P(W/W) with 20 mm rainfall over different districts of Bihar 96
Fig.9.34 | Probability of P(W) with 50 mm rainfall over different districts of Bihar 96
Fig.9.35 | Probability of P(W/D) with 50 mm rainfall over different districts of Bihar 97
Fig.9.36 | Probability of P(W/W) with 50 mm rainfall over different districts of Bihar 97
Fig.9.37 | Probability of P(W) with 10 mm rainfall over different districts of Bihar 98
Fig.9.38 | Probability of P(W/D)with 10 mm rainfall over different districts of Bihar 08
Fig.9.39 | Probability of P(W/W) with 10 mm rainfall over different districts of Bihar 99
Fig.9.40 | Probability of P(W) with 20 mm rainfall over different districts of Bihar 99
Fig.9.41 | Probability of P(W/D) with 20 mm rainfall over different districts of Bihar 100
Fig.9.42 | Probability of P(W/W) with 20 mm rainfall over different districts of Bihar 100
Fig.9.43 | Probability of P(W) with 50 mm rainfall over different districts of Bihar 101
Fig.9.44 | Probability of P(W/D) with 50 mm rainfall over different districts of Bihar 101




LIST OF FIGURES

Fig. No. Title Page No.
Fig.9.45 | Probability of P(W/W)with 50 mm rainfall over different districts of Bihar 102
Fig.9.46 | Probability of P(W) with 10 mm rainfall over different districts of Bihar 102
Fig.9.47 | Probability of P(W/D) with 10 mm rainfall over different districts of Bihar 103
Fig.9.48 | Probability of P(W/W) with 10 mm rainfall over different districts of Bihar 103
Fig.9.49 | Probability of P(W) with 20 mm rainfall over different districts of Bihar 104
Fig.9.50 | Probability of P(W/D) with 20 mm rainfall over different districts of Bihar 104
Fig.9.51 | Probability of P(W/W)with 20 mm rainfall over different districts of Bihar 105
Fig.9.52 | Probability of P(W) with 50 mm rainfall over different districts of Bihar 105
Fig.9.53 | Probability of P(W/D) with 50 mm rainfall over different districts of Bihar 106
Fig.9.54 | Probability of P(W/W) with 50 mm rainfall over different districts of Bihar 106
Fig.10.1 | Spatial variation in annual PET over the state of Bihar 108
Fig.10.2 | Spatial variability in daily PET during summer season over different 109
districts of Bihar

Fig. 10.3 | Spatial variability in daily PET during kharif season over different districts 109
of Bihar

Fig.10.4 | Spatial variability in daily PET during rabi season over different districts 110
of Bihar

Fig.10.5 | Spatial variability in daily PET during January over different districts of 110
Bihar

Fig. 10.6 | Spatial variability in daily PET during February over different districts of 111
Bihar

Fig. 10.7 | Spatial variability in daily PET during March over different districts of 111
Bihar

Fig.10.8 | Spatial variability in daily PET during April over different districts of 112
Bihar

Fig.10.9 | Spatial variability in daily PET during May over different districts of Bihar 112

Fig. 10.10| Spatial variability in daily PET during June over different districts of Bihar 113

Fig. 10.11 | Spatial variability in daily PET during July over different districts of Bihar 113

Fig. 10.12| Spatial variability in daily PET during August over different districts of 114
Bihar

Fig. 10.13 | Spatial variability in daily PET during September over different districts of 114
Bihar

Fig. 10.14 | Spatial variability in daily PET during October over different districts of 115

Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig. 10.15 | Spatial variability in daily PET during November over different districts of 115
Bihar

Fig. 10.16 | Spatial variability in daily PET during December over different districts of 116
Bihar

Fig.11.1 | Annual water surplus (mm) over different districts of Bihar 120

Fig. 11.2 | Water surplus (mm) during kharif season over different districts of Bihar 120

Fig.11.3 | Annual water deficit (mm) over different districts of Bihar 121

Fig.11.4 | Mean water deficit (mm) during summer season over different districts of 121
Bihar

Fig.11.5 | Mean water deficit (mm) during kharif season over different districts of 122
Bihar

Fig.11.6 | Mean water deficit (mm) during rabi season over different districts of 122
Bihar

Fig. 11.7 | Annual actual evapotranspiration (AET) over different districts of Bihar 123

Fig.11.8 [ Mean AET (mm) during summer season over different districts of Bihar 123

Fig.11.9 [ Mean AET (mm) during kharif season over different districts of Bihar 124

Fig.11.10 | Mean AET (mm) during rabi season over different districts of Bihar 124

Fig.11.11 | Variation in effective rainfall during kharif season in Bihar 125

Fig.11.12 | Variation in annual effective rainfall in Bihar 125

Fig.11.13 | Actual rainwater use efficiency (ARUE) in different districts of Bihar 126

Fig.12.1 | Spatial variability in available water holding capacity (AWHC) in Bihar 129

Fig.12.2 | Earliest sowing weeks at 10 % probability level over various districts in 130
Bihar

Fig.12.3 | Onset of LGP during different standard meteorological weeks (SMW) 130
over various districts in Bihar

Fig.12.4 | Cessation of LGP during different standard meteorological weeks (SMW) 131
over various districts in Bihar

Fig.12.5 | Spatial variability in length of growing period over different districts in 131
Bihar

Fig.12.6 | Spatial variability in start of potential soil moisture over different districts 132
in Bihar

Fig.12.7 | Spatial variability in cessation of potential soil moisture over different 132

districts in Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig.12.8 | Spatial variability in length of potential soil moisture over different 133
districts in Bihar

Fig.12.9 | Spatial variability in start of LGP based on soil moisture index (SMI) in 133
Bihar

Fig.12.10 | Spatial variability in cessation of LGP based on soil moisture index (SMI) 134
in Bihar

Fig.12.11 | Spatial variability in duration of LGP based on soil moisture index (SMI) 134
in Bihar

Fig.13.1 | Onset of rainy season based on forward accumulation (FA) of 75 mm 138
rainfall at 50 % probability level

Fig.13.2 | Onset of rainy season based on forward accumulation (FA) of 75 mm 139
rainfall at 75 % probability level

Fig.13.3 | Starting week of puddling operation for rice transplanting at 50% 139
probability level in Bihar

Fig.13.4 | Starting week of puddling operation for rice transplanting at 75% 140
probability level in Bihar

Fig.13.5 | Duration of rice growing season in weeks based on 200 mm forward 140
accumulation and 50 mm backward accumulation of weekly rainfall at 50
% probability level in Bihar

Fig.13.6 | Duration of rice growing season in weeks based on 200 mm forward 141
accumulation and 50 mm backward accumulation of weekly rainfall at 75
% probability level in Bihar

Fig13.7 | Sowing week (in SMW) with 20 mm assured rainfall at 50 % probability 141
level over Bihar

Fig13.8 | Sowing week (in SMW) with 20 mm assured rainfall at 75 % probability 142
level over Bihar

Fig. 13.9 | Water availability period (WAP) with 20 mm assured rainfall at 25 % 142
probability levels

Fig. 13.10 | Water availability period (WAP) with 20 mm assured rainfall at 50 % 143
probability levels

Fig. 13.11 | Water availability period (WAP) with 20 mm assured rainfall at 75 % 143
probability levels

Fig.13.12 | Spatial duration of rice growing period (weeks) with 50 mm assured 144

rainfall for consecutive weeks at 50 % probability level over Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig.14.1 | Accumulated assured rainfall, AAR (mm) with MAI >0.33 at 50 % 146
probability level over different districts of Bihar

Fig.14.2 | Accumulated assured rainfall, AAR (mm) with MAI >0.33 at 75 % 147
probability level over different districts of Bihar

Fig.14.3 | Water availability period (WAP) based on moisture availability index 148
(MAID)>0.33 at 50 % probability level in Bihar

Fig.14.4 | Water availability period (WAP)based on moisture availability index 148
(MAI>0.70) at 50 % probability level over different districts of Bihar

Fig.14.5 | Water availability period (WAP) based on moisture availability index 149
(MAI=>1.0) at 50 % probability level over different districts of Bihar

Fig.14.6 | MAI at 50 % probability level during kharif season over different districts 149
of Bihar

Fig.14.7 | MAI at 75 % probability level during kharif season over different districts 150
of Bihar

Fig. 15.1 | Spatial variability in AWC (mm) per meter soil depth over Bihar 151

Fig.16.1 | Spatial variation in average global radiation during January over different 153
districts of Bihar

Fig.16.2 | Spatial variation in average global radiation during February over different 153
districts of Bihar

Fig.16.3 | Spatial variation in average global radiation during March over different 154
districts of Bihar

Fig.16.4 | Spatial variation in average global radiation during April over different 154
districts of Bihar

Fig.16.5 | Spatial variation in average global radiation during May over different 155
districts of Bihar

Fig.16.6 | Spatial variation in average global radiation during June over different 155
districts of Bihar

Fig.16.7 | Spatial variation in average global radiation during July over different 156
districts of Bihar

Fig.16.8 | Spatial variation in average global radiation during August over different 156
districts of Bihar

Fig.16.9 | Spatial variation in average global radiation during September over 157
different districts of Bihar

Fig.16.10 | Spatial variation in average global radiation during October over different 157

districts of Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig.16.11 | Spatial variation in average global radiation during November over 158
different districts of Bihar

Fig.16.12 | Spatial variation in average global radiation during December over 158
different districts of Bihar

Fig.17.1 Variation in annual average Tmax over 30 years (1990-2019) and 10 159
years (2009-2019) periods at different locations in Bihar

Fig.17.2 Variation in annual average Tmin over 30 years (1990-2019) and 10 years 160
(2009-2019) periods at different locations in Bihar

Fig.17.3 Variation in average annual rainfall over 30 years (1990-2019) and 10 160
years (2009-2019) periods at different locations in Bihar

Fig.17.4 Variation in total dry days during monsoon at Pusa, Samastipur (Zone I) 162

Fig. 17.5 Variation in total dry days during monsoon at Muzaffarpur (Zone I) 162

Fig.17.6 Variation in total dry days during monsoon at Chhapra, Saran (Zone I) 163

Fig. 17.7 Variation in total dry days during monsoon at Motihari, East Champaran 163
(Zonel)

Fig.17.8 Variation in total dry days during monsoon at Purnia ( Zone II) 163

Fig.17.9 Variation in total dry days during monsoon at Supaul (Zone II) 164

Fig.17.10 | Variation in total dry days during monsoon at Bhagalpur ( Zone I11A) 164

Fig.17.11 | Variation in total dry days during monsoon at Patna ( Zone I1IB) 164

Fig.17.12 | Variation in total dry days during monsoon at Gaya (Zone I11B) 165

Fig.17.13 | Average number of dry days during monsoon on decadal basis at 165
different stations in Bihar

Fig.17.14 | Average annual rainy days on decadal basis at different stations of Bihar 165

Fig.17.15 | Variation in average decadal rainfall at Pusa, Samastipur during 166
1990-2019

Fig.17.16 | Variationin average decadal rainfall at Purnia during 1990-2019 166

Fig.17.17 | Variation in average decadal rainfall at Patna during 1990-2019 167

Fig.17.18 | Variation in average decadal rainfall at Sabour, Bhagalpur during 1990- 167
2019

Fig. 17.19a | Variability in SPI values in Zone | 169

Fig. 17.19b | Variability in SPI valuesin Zonell 169

Fig. 17.19¢ | Variability in SPI valuesin Zone III 169

Fig.17.20 | Trend in bright sunshine hours during rabi season at Pusa (Samastipur) 174

region of Bihar




LIST OF FIGURES

Fig. No. Title Page No.

Fig. 17.21 | Total number of extreme one day rainfall (>75 mm and >100 mm) events in 178
Kharif'season during 1990-2019 over different stations of Bihar

Fig. 17.22 | Variation in total frequency of occurrence of > 75 mm rainfall in one day 179
during kharif season of every 5 year period (pentad period) in Zone I (a),
Zone Il (b) and Zone ITI(c) (Database1990-2019)

Fig. 17.23 | Variation in total frequency of occurrence of > 100 mm rainfall in one day 180
in kharif season during every 5 year period (pentad period) in Zone I (a),
Zone Il (b) and Zone I1I(c) (Database1990-2019)

Fig. 17.24 | Total number of extreme maximum temperature (>40°C, >42°C and 181
>45°C) events in the month of April during 1990-2019 over different
stations of Bihar

Fig. 17.25 | Total number of extreme maximum temperature (>40°C, >42°C and 182
>45°C) events in the month of May during 1990-2019 over different
stations of Bihar

Fig. 17.26 | Total number of extreme maximum temperature (>40°C, >42°C and 182
>45°C) events in the month of June during 1990-2019 over different
stations of Bihar

Fig. 17.27 | Total number of extreme minimum temperature (< 2°C, < 5°C and < 8°C) 184
events in the month of December during 1990-2020 over different stations
of Bihar

Fig. 17.28 | Total number of extreme minimum temperature (< 2°C, < 5°C and < 8°C) 185
events in the month of January during 1990-2020 over different stations of
Bihar

Fig. 17.29 | Total number of extreme minimum temperature (< 2°C, < 5°C and < 8°C) 185
events in the month of February during 1990-2019 over different stations
of Bihar

Fig. 17.30 | Flood prone areas of Bihar 189

Fig. 17.31 | Chronically drougt prone areas of Bihar 189

Fig. 17.32 | Probability of occurrence of hailstorm in different months (Database 190
2001-2020

Fig. 17.33 | Images of crops damages (wheat and vegetables) due to severe hailstorm | 191-192

on 7 April, 2018 at KVK, Saraiya, Muzaffarpur




LIST OF TABLES

Table No Title Page No.
Table 1.1 Production scenario of major crops in Bihar 3
Table 1.2 Agroclimatic zones and their salient agricultural features 5
Table 1.3 Important edaphic features in different Agro-climatic Zones of Bihar 5
Table 1.4 Land use classification 8
Table 4.1 Climatic types on the basis of Thornthwaite and Mather (1955) moisture 29
index

Table 4.2 Weekly normal rainfall in the districts under Zone I (North-west alluvial 41
plains) of Bihar

Table 4.3 Weekly normal rainfall in the districts under Zone II (North-east alluvial 43
plains) of Bihar

Table 4.4 Weekly normal rainfall in the districts under Zone IIIA (South Bihar 44
alluvial plains) of Bihar

Table 4.5 Weekly normal rainfall in the districts under Zone IIIB (South Bihar 45
alluvial plains) of Bihar

Table 4.6 Seasonal rainfall with mean (mm), standard deviation (SD) and coefficient 47
of variation (CV) in different districts under various agroclimatic zones of
Bihar

Table 15.1 | Water holding capacity of coarse, medium and fine textured soils in 152
different districts of Bihar

Table 17.1 | Trends statistics of maximum temperature (Tmax), minimum temperature 161
(Tmin), annual rainfall, number of dry days during monsoon and annual
rainy days at different locations in Bihar

Table 17.2 | Dry spell analysis for monsoon season of selected stations of Bihar 168

Table 17.3 | Ranges of SPIvalues and drought category 169

Table 17.4 | Number of spell for departure of minimum temperature +2 and +3°C from 170
normal during the period from October to March at Pusa, Samastipur
region of Bihar

Table 17.5 | Number of spells having departure of minimum temperature -2 and -3°C 171
from normal during the period from October to March at Pusa, Samastipur
region of Bihar

Table 17.6 | Number of spell having departure of maximum temperature +2 and +3°C 171

from normal during the period from October to March at Pusa, Samastipur
region of Bihar




Table No Title Page No.

Table 17.7 | Number of spell for departure of maximum temperature -2 and -3°C 172
from normal during the period from October to March at Pusa,
Samastipur region of Bihar

Table 17.8 | Number of spell having departure of maximum temperature +2 and 173
+3°C from normal during the period from June to September at Pusa,
Samastipur region of Bihar

Table 17.9 [ Occurrence of 2.5 mm rainfall for continuous 10 days 175

Table 17.10 [ Occurrence of 10 mm rainfall for continuous 7 days 176

Table 17.11 | Occurrence of 25 mm rainfall for continuous 3 days 176

Table 17.12 | Occurrence of 50 mm rainfall for continuous 2 days 177

Table 17.13 | Occurrence of 100 mm rainfall for 1 day 177

Table 17.14 | Daily rainfall events of different intensities during monsoon at different 178
stations of Bihar (data base 1990-2019)

Table 17.15 | Frequency of extreme maximum temperature event in summer season at 181
different stations in Bihar (data base 1990-2019)

Table 17.16 | Variation in the frequency of occurrence of extreme maximum 183
temperature events during 1990-2019

Table 17.17 | Frequency of occurrence of extreme minimum temperature event in 184
winter season at different stations in Bihar (data base 1990-2020)

Table 17.18 | Decadal change in the frequency of occurrence of extreme minimum 186
temperature events during 1990-2020

Table 17.19 [ Drought and flood in Bihar during recent past (Case study based ondata 187

of Pusa, Samastipur)




Saraswati Garden, RPCAU, Pusa



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29

