LIST OF TABLES

Table 3.1 Climatic parameters of the study area from 1901 to 2018.........ccceeveeveeeeieeeereenee 58

Table 5.1 Trend characteristics of annual precipitation for various divisions of Uttar Pradesh

Table 5.2 Trend characteristics of pre-monsoon precipitation for various divisions of Uttar

PrAESI e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e et et e e ettt ————————— 88

Table 5.3 Trend characteristics of monsoon precipitation for various divisions of Uttar

PrAESN e e e e e e e e e e e e e e ettt ettt ettt ———— 91

Table 5.4 Trend characteristics of post-monsoon precipitation for various divisions of Uttar

PrAAESI .o e et e e e e e e a e e e e e e e aaa e e e e r e ————aaaeeeraa——————————aa 94

Table 5.5 Trend characteristics of winter precipitation for various divisions of Uttar Pradesh

Table 5.6 Mann-Kendall test and percentage change of annual and seasonal rainfall during

1901-2018 for the Uttar Pradesh...........ccooiiiiiiiiiiieieeeeeeee e 99
Table 5.7 Trend characteristics of Temperature for various divisions of Uttar Pradesh ....... 101

Table 5.8 Trend characteristics of Evapo-transpiration for various divisions of Uttar Pradesh

Table 5.9 Statistical analysis for rainfall for the selected synoptic stations of Jharkhand..... 109

Table 5.10 Statistical parameter analysis for temperature minima for selected synoptic

STALIOTIS . eeeeeeeeeeeee ettt e e e e e e et eeeee e e e e e e aaeeeeeaaee e aaeeeeeeaeaaaaaaaseeeaeaanaasaeesaeaanaaaseeeeeaeanaaanens 113

Table 5.11 Statistical analysis for temperature maxima for selected synoptic stations of

JRATKNANA ... e e e e e e e e et e e e e e e e e e e e e e e e e earaaeeeas 118

Table 5.12 Statistical analysis for PET for selected synoptic stations of Jharkhand state..... 122



LIST OF FIGURES

Figure 3.1 Location of study area (Uttar Pradesh state and its divisions) along with

MeteorolOoZICAl SEALIONS. ...evvieiiiriieriieeiie et eiteetee st et e ste e st eeteeebeessbeesseesseessseesseessseenssennsens 57

Figure 3.2 Location of the study area (Jharkhand State and its Divisions) along with

MeteoroloZICAl STALIONS. ..eevvieiieriieiie et eite ettt et e sttt e e s bt e s sbeesseesbeessteenbeesnbeessneensees 60
Figure 4.1 Flow Chart of MethodOLlOZY .......cccvieiiiriiiiiiiiieeieeeee e 68

Figure 5.1 Trend characteristics of annual precipitation for various divisions of Uttar Pradesh

Figure 5.2 Trend characteristics of pre-monsoon precipitation for various divisions of Uttar

PrAAESI .ot e e e e e et aaae e e e e aaa e e e e r e ————aaaaeeraa——————————_ 87

Figure 5.3 Trend characteristics of monsoon precipitation for various divisions of Uttar

PrAAESI .o et e e e e e e e e e e e et —e e e e e e e ————aaaaaaaa 90

Figure 5.4 Trend characteristics of post-monsoon precipitation for various divisions of Uttar

PrAES et e e e e e e —————— 93

Figure 5.5 Trend characteristics of winter precipitation for various divisions of Uttar Pradesh

Figure 5.6 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-Monsoon, (b)

Monsoon, (¢) Post-Monsoon, (d) Winter and (e¢) Annual rainfall for Palamu....................... 111

Figure 5.7 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-Monsoon, (b)
Monsoon, (¢) Post-Monsoon, (d) Winter and (e¢) Annual rainfall for Ranchi ....................... 111

Figure 5.8 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-Monsoon, (b)

Monsoon, (¢) Post-Monsoon, (d) Winter and (¢) Annual temperature minima for Palamu..115

Figure 5.9 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-Monsoon, (b)

Monsoon, (¢) Post-Monsoon, (d) Winter and (e¢) Annual temperature minima for Ranchi...115

Figure 5.10 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-Monsoon,

(b) Monsoon, (c) Post-Monsoon, (d) Winter and (e) Annual temperature maxima for Palamu



Figure 5.11 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-Monsoon,

(b) Monsoon, (c) Post-Monsoon, (d) Winter and (e) Annual temperature maxima for Ranchi

Figure 5.12 Sequential progressive (u(t)) and backward values (u’(t)) for (a) Pre-Monsoon,
(b) Monsoon, (c¢) Post-Monsoon, (d) Winter and (e¢) Annual PET for Palamu...................... 124

Figure 5.13 Sequential progressive (u(t)) and backward values (u’(t)) for (a) Pre-Monsoon,
(b) Monsoon, (c¢) Post-Monsoon, (d) Winter and (e¢) Annual PET for Ranchi...................... 124

Figure 5.14 Spatial distribution of trend (ZMK values) from 1901-2018 of the synoptic study
stations for climatic variables (a) Precipitation (b) Temperature and (c) Evapotranspiration

respectively in Jharkhand state, India...........cccoocuiiiiiiiiiiiiin e 126

Figure 7.1 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

Figure 7.3 Variation of modified U; over the years for ascertaining change points for Agral38

Figure 7.4 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

ATIZATR. 1ot ettt et e b e baeenbe e aaeenbee e 139

Figure 7.5 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

ATLZATR Lottt e be e e be e e bee e 139

Figure 7.6 Variation of modified U; over the years for ascertaining change points for Aligarh

Figure 7.7 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

ATLARADAA. ... .o e a e ———_ 141

Figure 7.8 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

ATLANADA .. 142

Figure 7.9 Variation of modified U; over the years for ascertaining change points for

ATTANADA .. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e —a———_ 142

Figure 7.10 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

AZAMGATI. ...t e ettt e tee e te e tte e baeebeesabeebaeebeenaraens 144



Figure 7.11 2-D characteristics of trend pattern of precipitation at significance level 0.05 for
AZAMGATN ...ttt e st e st beeente e aaeeneenees 144

Figure 7.12 Variation of modified U over the years for ascertaining change points for

AZAMGAT ...ttt ettt eanes 145

Figure 7.13 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

2 72 5 11 P 146

Figure 7.14 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

BaT@ILLY ...ttt e b e e e e reeenae e raeenneenens 146

Figure 7.15 Variation of modified Ui over the years for ascertaining change points for

BaT@ILLY ...ttt e b e e beeeabeenaaeenbee e 147

Figure 7.16 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

Figure 7.19 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

CRITTAKOOL <ot e e e e e e e e e e e e e e e e e e aeaeaaaaasasaaaaaeaaaaaaaaaaaaaaaaaes 151

Figure 7.20 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

CRIITAKOOL oot e e e e e e e e e e e e e aaaaeaaaassasasanaaaaaaaaaaaaaaaaaaaes 151

Figure 7.21 Variation of modified U; over the years for ascertaining change points for

CRIITAKOOL «eeeeeieiieiieeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e aeaeaaaassarenanaaaaaaaeaaaaaaaaaeaes 152

Figure 7.22 3-D characteristics of trend pattern of precipitation at significance level 0.05 for
FaizZabad ........ooiiii ettt 153

Figure 7.23 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

FA1ZADAA ... e et e e e et a e e e e e et —————aaaeaeaa————— 153

Figure 7.24 Variation of modified U; over the years for ascertaining change points for

FAIZADAA ..ot e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e —a————- 154



Figure 7.25 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

Figure 7.28 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

L€ 0] 2114 11 01 1 USRI 157

Figure 7.29 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

GOTAKNPUL ...ttt ettt e et e et e e tbe e st e esbeessbeesaeensaesnseesseeenseeens 158

Figure 7.30 Variation of modified U; over the years for ascertaining change points for
GOTAKNPUL ..ottt et e et et e et eenbeessbeessteeabeesnseeseeenseenens 158

Figure 7.31 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

Figure 7.37 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

LIUCKIIOW et e e e e e e e et e e e e e e e e e e reaeseeeeeaaaraaaaeas 164

Figure 7.38 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

LLUCKIIOW et e e e e e e e e e e e e e e e e e e aeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerere e e e e a e e e ea e eeeeaeaeaaaaaes 164



Figure 7.39 Variation of modified U over the years for ascertaining change points for

LLUCKIIOW ettt e e e e e e e e e e e e eeeeeeeeeeeeeeaeeeeeeeeeeeeeeeeeeeeearererererereeeaeeeeeaaaanaeaaa 165

Figure 7.40 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

Figure 7.43 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

IMIITZAPUL ..ottt ettt ettt s a e b et e st a e bt eab e e et e satesbt e bt et e saeesaeebeennes 168

Figure 7.44 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

IMIITZAPUL ..ttt ettt et e h bttt e a e s bttt et e e et e s bt e sbe e bt et e saeesaeebeennes 169

Figure 7.45 Variation of modified U; over the years for ascertaining change points for

1\ E 07221 10| USRS 169

Figure 7.46 3-D characteristics of trend pattern of precipitation at significance level 0.05 for
MOTAdADAA ...ttt e 171

Figure 7.47 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

IMOTAAADAQ ... e e e e e e et aeaeaaas 171

Figure 7.48 Variation of modified Ut over the years for ascertaining change points for

IMOTAAADAW ... e e e e e e e e e e et e e eaaaeaaas 172

Figure 7.49 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

SANATANPUL .....eiiiiii ettt et sttt e be et st sbe b 174

Figure 7.50 2-D characteristics of trend pattern of precipitation at significance level 0.05 for
SANATANPUL ...ttt et e et e e et e e e taeeetaeeesseeesseeesssaaessssaessseeessseeessseeenns 174

Figure 7.51 Variation of modified U; over the years for ascertaining change points for

SANATANPUL ...ttt e e et e e et e e e tae e e tteeessteaeassaaeesseeenssaeensseeessseeenn 175

Figure 7.52 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

VATATIAST e e e e e e e e e e e e e aaaaaeaaaaaeaaaaaeaaaaaaaeaeeaaeaeaeaeeeaeeeeeeaaeerererarareeaaaeaeeaeaaaaaara 176



Figure 7.53 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

VATANIAST < e e e e e e e e e e e e eeeeaeaeaaaeaeaeaeseseseeeeeeeeeeeeeeeeeeeeeeeererererererereeeaeeareaaaaaannaas 176

Figure 7.54 Variation of modified Ut over the years for ascertaining change points for

VATANAST e eee e e et e e e e e e e e e e e eaeeeeeeaaa e aaeaeeeeeeeasnaaeseeeeeeeannnaasseesannnnnnssseeernnnnnnaaaenns 177

Figure 7.55 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

Figure 7.58 3-D characteristics of trend pattern of precipitation at significance level 0.05 for
HazZaribagh .......ooi et 182

Figure 7.59 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

HAZATID .o ettt e e e e e e e e e e e e e e e e aae e e e e s e e aeseeeranaaaaaeas 183

Figure 7.60 Variation of modified Ut over the years for ascertaining change points for

Hazaribagh ..........oooee e e e e s 183

Figure 7.61 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

Figure 7.63 Variation of modified Ut over the years for ascertaining change points for

PAlBIMIUL ..o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeee e e e et e e eeerereeeaeeeeeaaaaaaaaaas 185

Figure 7.64 3-D characteristics of trend pattern of precipitation at significance level 0.05 for
RANCHT .ttt ettt ettt e 187

Figure 7.65 2-D characteristics of trend pattern of precipitation at significance level 0.05 for

RANCHI oot e e e e e e et e e e e e e e e e e e e e e e e e e eaaraaaaeas 187

Figure 7.66 Variation of modified Ut over the years for ascertaining change points for Ranchi



Figure 7.67 3-D characteristics of trend pattern of precipitation at significance level 0.05 for
West SINGMDNUM........ooiiiiiiii ettt 189

Figure 7.68 3-D characteristics of trend pattern of precipitation at significance level 0.05 for

West SINZMDRUM .....coiiiiiiiii ettt s 189

Figure 7.69 Variation of modified Ut over the years for ascertaining change points for West

NS0T 1104111 2 R 190



Table of Contents

CERTIFICATE ...ttt ettt et sttt e s st e bt e b e entesneeseeenbeenteeneenaeens i
DECLARATION BY THE CANDIDATE ....cooetiiete ettt i
CERTIFICATE BY THE SUPERVISOR(S) ...eoiieiiiieiieeeeeetee ettt i
COPYRIGHT TRANSFER CERTIFICATE......ccoiiiiiiiiieeeeeeee et iii
ACKNOWLEDGEMENT .....ooiiiiiiiiiteieetestee ettt sttt sttt ettt v
PREFACE ...ttt ettt et ettt a e et e e s et e s bt e beeatesaeenaeenbeenee vi
LIST OF TABLES ... .ottt sttt sttt s st viii
LIST OF FIGURES ...ttt sttt et sttt sttt ix
ABBREVIATIONS AND SYMBOLS USED ....cooiiiiiiiiieieieceeeeee et XX1
CHAPTER 1 INTRODUCTION ..ottt sttt ettt st 23
L] PIEAMDIE ...ttt 23
1.2 Objectives 0f the WOTK ......cocuiiiiiiiiie et 27
1.3 Organization Of the TRESIS ......ccuiiiiiiiiiiii ettt e 28
CHAPTER 2 Literature REVIEW .......cccuiiiiiiiiiiiiiiiiieiiesie ettt s 30
201 GONETAL. ..ttt et 30
2.2 Preview of Impact of Climate Change............cccooiiriiiiiiiiiiiiiieie e 30
2.3 Studies on Trend ANALYSIS ....ccuiiiiiiiiiiiiee et 33
2.4 Climate change impacts on Hydrology ..........ccoooverieriiriinienieieeceeeeee e 50
2.5 SUIMMATY ottt ettt e et e s bt e st eesbaeeseabeeeeabeees 52
CHAPTER 3 STUDY AREA AND DATA USED ....cooiiiiiiieieiieeeeeee e 53
3.1 GONETAL....ciiiieeeee ettt ettt ettt 53
3.2 STUAY ATCA .ttt ettt et e et e et e e s abe e be e et e e ae e e bt e e abe e beeenbaenaaeenbeennne 54
3.2.1 Uttar Pradesh......c.ooouiiiiiiee et 54
3.2.2 Jharkhand ..........coouviiiiiiice e e e e e e reeen 59

3.3 Data COIECTION ..ouieiieiieeiieieet ettt sttt st be bttt sae b e 61



3.3 ] S BASOMIS - ettt e e e e et ———aee e e e e e e ———————aaaeeeun—————————aaa 63

3.4 SOTEWATE'S USEA ...ouviiiiieiieeiieeeee ettt st 64
3.4.1 Programming tOO] .........cecuieiiiieeiiieesieeeeieeeseeee e e ereeeeeeeeeseaeeessaeeessseeessneeesnnaeens 64
3.4.2 Image processing & Geospatial analysis ........coceveevueriierieneenienenieneeseeeeeenens 64

CHAPTER 4 METHODOLOGY ADOPTED......ccocotiiiieieieieieeeeeeeeee e 66

B I € 1S 1 11 B PP POURUPRRPRRRO 66

4.2 Statistical TECANIQUES ......ceeiiiiiiiiiecieeeeee ettt eene 68
4.2.1 Autocorrelation (Serial dependency check and removal).........cccoeeeveeeeiieeniennnnenn. 68
4.2.2 Pre-WRITENING .....cccviiiiiieiiieiieeiie ettt ettt e ette st estbe e saesabeesaaeesseeesseensaesnsaesnseans 69

4.3 Trend Detection MEthOdS .......ccceeviiiiiiiiiieiieeeeeeeee e 71
4.3.1 A brief description of the MK teSt........c.cccuieriiiniiiiiiiieieeee e 72
4.3.2 ASSUIMPLIONS. .....eeeutieiieeiieeitieeiteerieeeteesteeeseeseseeseesseessseesssessseessseesseessseesssesseesnseans 74
4.3.3 Modified Mann—Kendall teSt.........cceoiriiriiniiiiiiirieseeee e 75
4.3.4 Sequential Mann—Kendall analysis..........cccceecuierieriiieniiinieiiieeeeeeeee e 75
4.3.5 Spearman’s tho MEthOd ........cccoeiiiiiiiiiiiieiie e e 77
4.3.6 Sen’s SIOPE ESHMALOT ........ceuiriiiriiiieiieiiieieete ettt ettt ettt 78
4.3.7 Linear regression Method...........ociiiiiiiiiiiiiiiiieie et 78
4.3.8 Pettitt Mann Whithey TesSt......cc.oeeviiiiiiiieiiieeeeeeeeee et 79
4.3.9 Proportionate Change............cocueeierieiiiiriiniiieiientcsitete sttt ettt 80

F SUIMMATY ..ottt ettt e st e e st e e st eesbte e st e e eabeees 80

CHAPTER 5 APPLICATION OF STATISTICAL TECHNIQUES FOR TREND

ANALY SIS ettt ettt ettt et e s bt a e e st ent e st e be bt eneen e et et e reene e 82
T € 1 1< Y TSR 82
5.1.1 Distribution of Average Rainfall ............ccccciiiiiiiiiiiniiiie e 82

5.2 Trend Analysis for Uttar Pradesh .........ccccoieeiiiiiiiiiiiiceceeeeeee e 82
5.2.1 Temporal Variability in Rainfall..............ccoooiiiiiiiiiie e 83



5.2.2 PLE-TTIONSOOIN ..ot e e e e e e e e e e e e e e e e e eeeee e e e e e eeee e raaaeeeeeenes 86

5.2.3 MONSOOM ..ottt ettt ettt ettt et s st e s e e bt e sate e seesbeesareenee s eneee 90
5.2.4 POST-INONSOOMN......utiiiiieieiieeeiite ettt ettt e ettt e sttt e sttt e ettt e e sbeeesbteesbaeessaeessmaeeesaneeenas 93
5.2.5 WINEET .ttt sttt ettt ettt st 96
3.3 Temporal Variability in TEmMPETatUuIe .........ccevviereiieieiirieiiee e e e erveeesreeesveeesneee e 99
5.3.1 Temporal Variability in Potential Evapotranspiration (PET)..........ccccceevvveennnenn. 103
5.4 Trend Analysis for Jharkhand.............cocoeriiiiiiiiiiiiceeee e 107
5.4.1 Temporal Variability in Rainfall.............ccccoeoiiiiiiiiiniieeeeee e 107
5.4.2 Temporal Variability in Minimum Temperature .............cceccveeeveeriieecieenreeineeeeenns 112
5.4.3 Temporal Variability in Maximum Temperature .............ccccoeeeveerreeecreeneeeireennnens 116
F05 SUMMATY ..t ettt e sttt e st e e s bb e e s bt e e s nibeeenabeesnabeens 127

CHAPTER 6 DEVELOPMENT OF NOVEL TREND APPROACH: VARIABLE SIZED

CLUSTER ANALYSIS (VSCA) ..ottt ettt sseese e ssaesseeseennas 129
0.1 GENEIAL....iiiiiiii ettt 129
£1.2 Variable Sized Cluster ANalYSIs ......ccviiciiiriiiiieiieeiiecie ettt 129
£1.3 Strength of Proposed VSCA ..ot 133
0.0 SUIMIMATY ...ttt e bt e e et e et e st e e s bt e e sbaeesabeesnabeeenans 134

CHAPTER 7 APPLICATION OF NOVEL TREND APPROACH: VARIABLE SIZED

CLUSTER ANALYSIS (VSCA) ...ttt sttt 135
Tl GENCTAL. ..ttt sttt ettt 135
7.2 Application of VSCA over Uttar Pradesh...........cccoooiiiiiiiiiee, 135

7.2.1 Precipitation Characteristics Of AZra ........cccecveviierieeiiieniienie et 136
7.2.2 Precipitation Characteristics of Aligarh...........ccccoeviiiiiiiniiieiiiiieceeeeceee e, 138
7.2.3 Precipitation Characteristics of Allahabad (Prayagraj)........ccoecevevieevienieenneenen. 140
7.2.4 Precipitation Characteristics of Azamgarh ...........ccccoecveviiiiiiiiniienieeeeeee e, 143
7.2.5 Precipitation Characteristics of Bareilly ........ccooccoevieiiieniiiniiiiniieeeeeeeeee, 145
7.2.6 Precipitation Characteristics of Basti........cccccceeviieiieiciieniiieieciiecieeeeeeee e 147



7.2.7 Precipitation Characteristics of Chitrakoot...........cccoiieiiiiiiiiiiiinieeeeeee, 150

7.2.8 Precipitation Characteristics of Faizabad...........cccccoovvvieiiiiiiiiniiiiieeee 152
7.2.9 Precipitation Characteristics of Gonda ..........c.coeecvvveeviiierciieeciieeeeeee e, 154
7.2.10 Precipitation Characteristics of Gorakhpur...........cocceevieriiiiiiienieieeeeeee 156
7.2.11 Precipitation Characteristics of Jhansi.........ccceeeveevciiiriiiiiniieeciee e, 159
7.2.12 Precipitation Characteristics of Kanpur.........ccccccveeveiiiiriiieccieeeee e, 161
7.2.13 Precipitation Characteristics of LUCKNOW ..........cccocvvviiiriiiiiiiniieciieeeeeee e, 163
7.2.14 Precipitation Characteristics 0f MEETUL ..........covcvveevciiierciieiiee e 165
7.2.15 Precipitation Characteristics 0f MIrZapur ........ccceeveveereeienieneeneeienienieeeeenen 167
7.2.16 Precipitation Characteristics of Moradabad.............ccceecvieviiiiieniienieceeeeee, 170
7.2.17 Precipitation Characteristics of Saharanpur.........c..cccceveviiniinininnniceeeee, 172
7.2.18 Precipitation Characteristics of Varanasi.........ccccoeceeververieneenennennienieneeeenen 175
7.2.19 Comparative Assessment for Spatial Variability...........cccooevevvierciieniencieenneennen. 177
7.3 Application of VSCA over Jharkhand ...........cccocoieiiiiiiiiiiiieeeeeee 178
7.3.1 Precipitation Characteristics of Dumka ..........ccccoociiviiiiiiiiniiiniieee e 179
7.3.2 Precipitation Characteristics of Hazaribagh...........c..coccooniininniee, 181
7.3.3 Precipitation Characteristics of Palamu.............cocoooviiiiiiiiiiiniiieeee 184
7.3.4 Precipitation Characteristics of Ranchi..........ccccoeeveeeeiiiiiiiiinieeeeeeee e, 186
7.3.5 Precipitation Characteristics of West Singhbhum ............c...cccociiinne. 188
7.3.6 Comparative Assessment for Spatial Variability........c.ccooceveviiieniiieniiiiieee. 190
T SUMMATY ..ottt et e et e et e e e bbe e et eebaeeesaree s 191
CHAPTER 8 SUMMARY AND CONCLUSIONS ......ooiiiiiiiieeieeieeeeeeee e 193
B L GOINETAL ...ttt et sttt st a et e e st beeneas 193
8.2 Result and CONCIUSIONS....c...evuiiriieiiiieriieieeieet ettt sttt 194
8.2.1 Uttar Pradesh.........ccooiiiiiiiiieeee e 195
8.2.2 Jharkhand ..........coiiiiiiii s 197



#.3 Limitations of the Study ..o 201

#.4 Recent Natural Calamities ........cceevuerieriirieriieniinieeieeieeeeseete ettt 202
B.5 Scope for FUtUIe WOTK.......ooouiiiiiiceee st 203
REFERENCES ...ttt sttt sttt et 205
LIST OF PUBLICATIONS ...ttt sttt nse e sneesneenaeenees 218



