


CONTENTS

SNOW & GLACIETS STUAIES ..ottt e e e e e e e et e e e e e e e e e et e eaaeseeeeereeaanaaaaens 6

1. Assessment of spatial distribution of seasonal snow cover during the year 2022-23 in
himachal prdaesh using awifs satellite data ...........cccceeieiiiiiiiiiiiinieeee 6

Seasonal Snow Cover Variations in Himachal during 2022-23 and its comparative

analysis with reference t0 2021-22.......coiuiiiiiiiiiiieeee et 6
Basin Wise Comparative Analysis of Area under SNOW COVET ........ccceevierieenieriieennenne 14
Temperature Trend Analysis between 2022 & 2023 in Himachal Pradesh ..................... 16
Concluding RemMATKS .........c.eeiriiiiiiiiiiii ettt e s 22
2. Cryosphere, Science & Application Program (CAP), SAC Ahmedabad ..................... 23
ODBJECLIVES ..evteeeiiieeeiie ettt ettt ettt et e e st e ettt e e sate e e et e e e ebeesstbeesasbeesssteesasaeesasaeenaseeennseesnnseens 23
3. Comprehensive Study and Impact of Climate Change in Water Flow Pattern Affecting
Generation of Hydro PrOJECtS.........eiiiiiiiiiiiiiieeiieeete ettt 27
ODBJECLIVES ...ttt ettt ettt e et e et e e e bt e e eabb e e s bt e e sabeeenabeeeeateeeaneens 27
Disaster management in Himachal Pradesh.............ccoccooiiiiiiiiceccece 30
4.  Monitoring of Parechhu LaKe .........ccccccooiiiiiiiiiiiieeceeeeeeeee 30
5. Monitoring of glacial lakes and other water bodies using awifs, liss 1ii and liss iv
satellite data in Satluj catchment during 2022 ..........cccooiiiiiiiiiiniiieee e 33
ODBJECTIVES ...ttt ettt ettt e st e e sbe e st e e beeesneesanesaneennne e 33
Satellite data used for the monitoring in the study area ..........ccccceeevveeriieeniieeniieenieeens 35
Concluding REMATKS .......cccueeiiiiiiiiiiiiiie ettt e e eesanee s 41
6. Mapping of Multi hazards.............cooviiiiiiiiniiieeeee e 42
ODJECLIVES ..vvveeeitiieeiieeeiteeeite ettt et e e et e e sttt e e sateeeeteeetaeeesebeeensseesssseesnsaeenasaeenaseesnsseeensseens 42
Flood plains/ [ow 1yING Qreas........coceeviiiiieiiiiiiiiiieeieeerceee e 42
Preliminary interpretation of Flood plains or low-lying areas of district Una, Hamirpur
AN BILASPUT ..ottt s 43
Wetlands of Himachal Pradesh 2018-19........ccccoiiiiiiiiiiiiiiieeeeeeeeete e 44
ODJECTIVES ...ttt ettt ettt et e sb e st et e e en e sbeesane e beessneesaeesaneennneean 44
RESUILS ...ttt ettt et e et e st e s 46
Agriculture & NOTtICUITUIE SECLOT ......cuviiiiiieeiieeciie ettt aee e tee e eesebee e 48

7. Impact of Climate Change in horticulture crops of Solan district, Himachal Pradesh .48

Climate trend and hOTtiCUIUTE...........cceeiiiiiiiiiiiiieeeteeetee e 48
Fruit Crop ProdUCHIVILY .....eiiiiieeiiie ettt ettt e et e e e e e enbeeessseeesnseeennnes 50
Climate and Crop CONNECTION .....c...eevuteriieriierieeiieeitentee ettt sre e e sreesaeesneesnee e 51
CONCIUSION ...ttt st e 52
8. Impact of climate change in agriculture crops of solan district, Himachal Pradesh.....52



9. Impact of climate change on horticulture crops of bilaspur district, himachal Pradesh

54
Current ClIMALE trENA ......c.eeiiiiiieiiieiteee ettt sttt s e s 54
Crop produCtivity trENA ........eeecveeeiiieeeiieeciteesiee et eerteeete e e aeeesaeeeeaaeesbaeesebeeessseeennseens 54
Climate fruit CONMECTION .....couvteiiiriieiieeie ettt sttt saee e esnee e 55

10.  Impact of climate change on horticulture crops of Hamirpur district, Himachal

Pradesh ..o e 55
Current CliMate trENAS ........oovvieriiiriieieeieeeeee ettt sttt s 55
Crop produCtiVity trENAS .......cevviiiiiiieiiie ettt ettt et e e sabeeeeinee s 56
Climate fruit COITEIAtION .....cc..eeiuiiiiiiiiieieeeet et 56

PUDLICATIONS ...ttt ettt e st e et e e bt e e et eeeabbe e e bt e e sabaeeeaneeesnneenans 56
RESEATCh PAPEIS ..t 56
BIOCHUIES ...ttt ettt ettt e s s 57
BOOKIEL. ...ttt ettt ettt et s 57

WOrkShOpPS/traiNINZS/SUTVEY ..ccc.vveiiiiiiiiieeiiie ettt ettt ettt e et e st e e sabeeesabeeenanee s 57

11.  Three day training programme on “Safe hill area development” in himachal pradesh

57
Key Points of Training Programme...........c.ccoecueeeiiieeniieeiiieeieesieeeeee e 57

12.  One day workshop on “Sensitization of policy makers & administrators on climate

change and its impact 0N MOUNtAIN ECOSYSEIM ......uveerureeeriieeeireeeireeeireesireesseeesreeesnreeennnes 59
Major ReCOMMENAAtIONS ... ...eiiiiiieeiiieeiieeeiiee et eeiee ettt e st e e st e e st e e sebeeesbeeesaseeeanes 59

13.  Training of Masons on Hazard Resistant Construction at Appropriate Technology
Centre, Sundernagar Block district Mandi and Gram Panchyat Nihri, district Mandi, H.P.61

INEFOAUCTION .ottt ettt e et sab e e st e e e e e e eanee s 61
Training MeEthOdS .......cocviiiiiiiiiii e s 61

14.  Questionnaire based survey on “impact of climate change in Agri-horti and forestry
sector in himachal Pradeshi............coooiiiiiiiiii e 62
GeNEral ODSEIVALIONS .....eeeiuiiiiiiiiiiiiie ettt ettt ettt et e et e e et eesabteesabeeesabeeesaneeas 62
FIEIA VISIES 1.ttt ettt ettt et st a et e b e s 63
Training programme on Cryospheric applications using remote Sensing ............c...c...... 63



LIST OF FIGURES

Figure 1 Difference in area under Snow cover in Chenab Basin.........cccccoceeveeviniinieninnicnnnn 9
Figure 2 Area under Snow cover (%) in Chenab Basin...........ccocccoviiiiiiniinieiniciieeiceeees 9
Figure 3 Difference in Area under Snow cover in Beas Basin .........cccccoocoeviiiiiniiinnnenen. 10
Figure 4 Area under Snow cover (%) in Beas Basin ..........ccoccoviiiiiniiniiniciiicceee, 11
Figure 5 Difference in Area under Snow Cover (%) in Ravi Basin ..........ccocccoooeiiiiinnenen. 12
Figure 6 Area under Snow Cover (%) in Ravi Basin.......c.cccooceiiiiiiiiiiiiiniccceee, 12
Figure 7 Difference in Area under Snow Cover in Satluj Basin.........cccocceviiiiiniiiniennenen. 13
Figure 8 Area under Snow Cover (%) in Satluj Basin.........coccoooiiiiiiiiniiiiniiiieeeccieeee 13
Figure 9 Basin Wise Area under Snow Cover (%) in Himachal Pradesh (2022-23)............... 14
Figure 10 Basin Wise Snow Cover in H.P.........cccooiiiiiiiiiiieee e 15
Figure 11 Total Area under SNOwW in H.P ....ooooiiiiiiiieeee e 15

Figure 12 Mean Monthly Maximum and Minimum Temperature at Keylong (2022-2023)...16
Figure 13 Mean Monthly Maximum and Minimum Temperature at Kalpa (2022-2023)....... 16
Figure 14 Mean Monthly Maximum and Minimum Temperature at Bhuntar (2022-2023)....17
Figure 15 Mean Monthly Maximum and Minimum Temperature at Manali (2022-2023).....17
Figure 16 Mean Monthly Maximum and Minimum Temperature at Chamba (2022-2023) ...18
Figure 17 Mean Monthly Maximum and Minimum Temperature at Dalhousie (2022-2023) 18

Figure 18 Mean monthly trend of maximum temperature for the snow accumulation months of

October to April (2018 - 2023) using ITA method of the selected six stations....................... 21
Figure 19 Mean monthly trend of minimum temperature for the snow accumulation months of
October to April (2018 - 2023) using ITA method of the selected six stations....................... 21
Figure 20 Bara Shigri glacier, Chenab Basin...........cccccooviiiiiiiiiiiiiiiiiecceeeccee e 24
Figure 21 Glaciers of Chenab Basin ...........coccviiiiiiiiiiiiiiniiceiieeeeeee e 24
Figure 22 Samudri tapu Glacier, Chenab Basin............ccccccvveviiiiiiiieiiieeiee e 25
Figure 23 Miyar Glacier, Chenab Basin ............cccccveiiiiiiiiiiieiiieciieeeeeeeee e 25
Figure 24 Bhaga Glacier, Chenab Basin.........cccccociieriiiiiiiiiieniiieiieeieeeeee et 26
Figure 25 Glaciers of Parwati Sub Basin, Beas Basin.........cccccocevviiniiiiiiniiniinceeeeeee, 26
Figure 26 Glaciers of Jiwa Sub Basin, Beas Basin.........ccccccocoeviiiiiniiniiniicecceceee, 27
Figure 27 IRS-R2A-LISS 11, 96-48, 18 April 2022........cocuieiiiiiiiiieeieeeeeee et 30
Figure 28 IRS-R2A-LISS III, 96-48, 12 May, 2022.......ccccieiieieeieenieeieesee et 31
Figure 29 IRS-R2A-LISS IV, 96-48B, 5 JUNe 2022.......cccciiiuieiiieiienieeieeee et 32
Figure 30 IRS-R2A-LISS III, 96-48, 29 June, 2022......c..ccccerieririieniinienienienieeieeeesie e nieens 32



Figure 31 Total No. of Lakes based on AWiFES satellite data, 2022 .........cccccoveevieineennennnen. 39

Figure 32 Total number of Lakes based on AWiFS Data (2011-2022)......cccccoceeviiiiieennennnen. 39
Figure 33 Total no. of Lakes in Satluj Basin based on LISS III Satellite Data (2022)............ 40
Figure 34 Total no. of Lakes in Satluj Basin based on LISS III Satellite Data (2022)............ 40
Figure 35 No. of Lakes > 10 ha LISS IV and Sentinel Data 2022 ............ccoceoviiniiiienniennen. 40

Figure 36 Maps of Preliminary-Food plains of Una, Hamirpur & Bilaspur district, Himachal
Pradesh ..ottt e 43

Figure 37 Variations in Climatic Parameters for Temperate region- Minimum T, Maximum T,
Diurnal T and Rainfall during pre-flowering, flowering, and fruit setting stages (1990-2019),
DISIIICE SOLAN, HP ..o et e et e e e e e e e e e e e e e e raaaeeenenn 48

LIST OF TABLES

Table 1 AWIES Satellite data USed.........coouueiiiiiiiiiiiiiieiieec e 7
Table 2 Area under snow in Chenab Basin (8562 KIM?).......cvoueueieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 9
Table 3 Area under Snow in Beas Basin (4350 KIM?) ..veueveeieeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeees 10
Table 4 Area under Snow in Ravi Basin (4907 KM?)......ccoueueueoieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenn 11
Table 5 Area under Snow in Satluj Basin (22665 KM?)..........ccocoevevereveeeeeeeeeeeeeeeeeeeeeeeenenenn. 13
Table 6 Basin Wise Area under snow cover (%) in Himachal Pradesh (2022-23).................. 14
Table 7 Area under Snow in Himachal Pradesh .........c...cocooiiiiiiiiiece, 14
Table 8 Total Area under snow in H.P ... 15
Table 9 Descriptive statistics of maximum and minimum temperature of the snow
accumulation months of October to April (2018-2023) for the selected stations.................... 19
Table 10 Details of mean monthly trend of maximum and minimum temperature for the

SEIECTEA SIX SEALIOMIS ..uveeuteeiteeiiteeiie ettt ettt et st et et et sab e sbe e e st e bt esateesbeeeabeesbeesbeesaneens 22
Table 11 Inventory of satellite data ...........ceeeeuieeeiiiiiiieeeieeee e 28
Table 12 Comparative analysis of three different SENSOrS ...........cceeevuieerieeerieeeiieeeieeeieeens 41

Table 13 Illustrates the trend variation in climatic parameter during the three phenological
stages i.e., pre-flowering, flowering, and fruit setting stages fruit crops of Solan district of HP



