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IMPRINTS OF CLIMATE CHANGE IN UTTARAKHAND

Increase in temperature
Reduction in snow cover area
Steady recession of glaciers
Diminishing regulatory effect of glaciers
Shifting of vegetation line
Development of pro-glacial lakes
Increasing trend of drought years
Transformation of glacial fed rivers
Increase in Annual Rainfall
0. Decrease in winter, summer and post
MOnNsSoon rains
11. Increase in monsoon rains
12. Reduction in annual rainy days
13. Change in rainfall rhythm
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IMPRINTS OF CLIMATE CHANGE IN UTTARAKHAND

14. Transformation of perennial streams

15. Diminishing length of perennial streams
16. Dwindling of summer discharge in rivers
17 Phonological changes

18. Reductions in crop production

19. Shifting of apple belt

20. Reduction in production of fruits

21 Impact in pest spectrum

22 Invasion of xerophytes plant roileana
23. Developments of palm tree colonies



Experimental Micro Watershed
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KOSI WATERSHED

Location Map of the Kosi watershed




INDIA

KOSI WATERSHED

Location Map of the Salla Rautela micro watershed
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RAINFALL (1992-2013)

Y ears January February March | April May June July August September O ctober | November | December
1882 6183 LR 1588 0.00 A7.80 67.89 168.11 188.31 108.08 B.87 780 0.00
1883 2508 5T.16 23.64 14.83 §1.21 T6.53 215489 | 15811 516.95 000 0.00 0.00
1884 040 68.10 153 29.47 E1.88 84.01 A00.40 | 25470 15.46% 000 0.00 482
1885 G836 14.44 21898 820 17.1% 82.1% 256.07 871 182.08 000 0.00 2177
18846 4424 0.00 1834 £7.82 22,84 | 14033 | 172.85 | 21838 41.61 18.82 0.00 0.00
1887 5464 11.12 17.80 10852 | 6021 183.81 138.92 | 288.48 107.33 18 48 40.80 718
1888 .98 G4.44 46.40 £7.046 AT.ET | 13016 | 296.24 | 193 46 G5.49 107.14 27.14 0.00
18889 065 .72 168 0.00 28.76 83.02 157.14 8891 14898 17.73 0.00 18.40
2000 LR 106.64 26.69 0.00 E7.03 | 408.12 178.07 [ 172.465 G4.67 0.00 4189 0.00
2001 36489 185.84 34.18% 16.22 TTA0 | 167.81 173.42 182.08 0.00 0.00 0.00 1.88
2002 82127 08.08 17.38 11.83 1840 80.73 LERD 163.32 231.64 9.81 0.00 P74
1003 16.66 142 66 T ) | 17.30 77.78 14858 [ 13509 14415 000 13g ag1o
2004 3308 518 o.00 49.08 3517 | 19167 | 178.33 | 34583 17188 T6.21 12.78 0.00
1005 121.06 20.81 4812 0.00 48.82 10567 | £38.67 | 30015 21530 15,82 0.00 1228
2006 1381 0.00 3870 13.81 B6.31 76.47 268.87 [ 17400 111.48 538 577 g.00
007 1.85 14138 114.8% 4%.089 58.95 | 120,69 | 120.84 | 27536 153.61 5.02 1.34 B14
2008 .08 311 i .6 6 43.32 87 | 156.86 | 25335 | 18228 155.28 1.32 6.16 0.00
2009 1.47 68.88 A1ET 46.45 91.48 £1.69 126.90 [ 171.63 188.31 B4.47 12.13 1.82
2010 8.60 G4.56 o.00 3.48 87.83 96.87 A77.04 | 40483 E63.98 000 0.00 18.42
1011 6.43 5T.56 1320 31.68 TOT6G | 222.82 | 21540 | F06.25 8333 000 0.00 0.00
2012 .00 0.00 21.00 21.50 0.00 2.00 A50.60 | 37840 aTian 10.00 3.00 22.20
2013 6180 176.70 18.40 16.20 S50 | 404.70 | 20070 | 20480 §7.00 12.30 6.10 4.50

Mean 39.22 36.72 28.96 29.40 46.43 137.59 224.96 231.81 175.24 18.37 3.94 9.34

5D 3281 52.22 2B.56 25 .82 25.51 100.52 102.48 107.80 147.07 30.29 ip.11 14.50

cv B3.65 52.07 98.62 B7.B3 54.94 73.06 45.55 46.50 B3.52 164 .85 170.26 151.98

M sxim um 121 06 17670 114 B9 105.52 9148 405.12 53E.67 506.25 563.98 107.14 40.8B0 57.18

Minim um 1.47 .00 0.0 0.00 0.00 2.00 53.91 58.71 0.00 [T 0.00 0.0




RAINFALL (1992-2013)

Month Mean SD Ccv Maximum | Minimum
January 39.22 32.81 83.65 121.06 1
February 56.72 52.22 92.07 176.70 0
March 28.96 28.56 98.62 114.89 0
April 29.40 25.82 87.83 105.52 0
May 46.43 25.51 54.94 91.48 0
June 137.59 100.52 73.06 405.12 2
July 224.96 102.48 45.55 538.67 94
August 231.81 107.80 46.50 506.25 59
September 175.24 147.07 83.92 563.98 0
October 18.37 30.29 164.85 107.14 0
November 5.94 10.11 170.26 40.80 0
December 9.54 14.50 151.98 57.18 0
Winter 105.49 68.08 64.54 243.00 12
Summer 104.79 52.20 49.82 222.93 32
Monsoon 769.60 253.34 32.92 1442.72 479
P. Monsoon 24.31 36.82 151.48 134.28 0
Annual 1004.18 266.82 26.57 1595.31 585




HYETOGRAPH/HYDROGRAPH (1992-2013)
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IMPACTS OF CLIMATE CHANGE

9 Increase in Annual Rainfall

10. Increase in Monsoon Rain Rainfall

11. Decrease in winter, summer and post
monsoon rains

12. Drastic decrease in rainy days

13, Transformation of perennial stream to
non—- perennial stream

14. Dwindling of summer discharge

15. Increase in runoff

16. Change in rainfall rhythm



ANNUAL RAINFALL:INCREASING TREND
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MONSOON RAINFALL:INCREASING TREND
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WINTER RAINFALL
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SUMMER RAINFALL
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POST MONSOON RAINFALL
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12, Drastic decrease Iin rainy days



Monthwise Rainy Days

Years |Jan Feb Mar April |May |[June |July Aug Sept Oct Nov Dec Total
1992 7 6 5 0 5 14 23 23 11 2 2 0 98
1993 12 8 11 2 9 11 14 13 17 17 0 0 114
1994 8 7 1 8 11 15 25 21 4 0 0 1 101
1995 7 4 4 3 3 11 22 13 13 0 0 0 80
1996 5 0 7 4 3 21 17 21 12 3 0 0 93
1997 8 6 5 13 11 20 19 12 11 7 8 5 125
1998 2 8 7 7 6 6 19 18 9 7 3 0 92
1999 4 2 1 0 7 14 20 9 16 4 0 3 80
2000 6 10 5 0 8 22 18 17 11 0 1 0 98
2001 2 4 8 5 11 16 23 18 0 0 0 1 88
2002 11 15 5 7 9 10 9 20 14 2 0 2 104
2003 5 6 4 5 4 13 15 19 16 0 2 4 93
2004 6 1 0 6 4 12 13 21 10 7 3 0 83
2005 14 11 6 0 7 10 26 21 17 5 0 1 118
2006 2 0 9 4 15 12 23 18 7 3 1 2 96
2007 1 7 7 5 9 11 17 20 12 2 1 4 96
2008 3 3 4 8 12 19 23 18 8 1 1 0 100
2009 2 3 5 3 18 6 15 10 10 4 1 1 78
2010 2 4 0 1 10 9 19 24 16 0 0 2 87
2011 1 5 4 6 11 19 17 21 11 0 0 0 95
2012 4 0 2 10 1 23 25 23 3 1 3 95
2013 2 6 2 3 8 17 16 6 0 0 1 62

Avg 5 5 5 8 13 19 18 12 3 1 1 94




Rainy Days (Average 94 Days/yr)

(Almora 1955-80 :135 Days/yr)

Month Mean SD Ccv Maximum Minimum
January 5 3.69 71.13 14.00 1
February 5 3.78 71.73 15.00 0
March 5 2.89 62.28 11.00 0
April 5 3.46 76.13 13.00 0
May 8 4.46 56.40 18.00 0
June 13 5.32 41.80 22.00 1
July 19 4.28 22.59 26.00 9
August 18 4.36 24.12 25.00 9
September 12 5.00 43.33 23.00 0
October 3 3.96 129.96 17.00 0
November 1 1.82 167.14 8.00 0
December 1 1.56 114.38 5.00 0
Winter 12 6.69 56.65 28.00 4
Summer 17 6.91 40.41 29.00 6
Monsoon 61 8.54 13.93 74.00 41
Post Monsoon i} 4.79 115.89 17.00 0
Annual 94 13.88 14.71 125.00 62




RAINY DAYS TREND :ANNUAL
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RAINY DAYS TREND :WINTER

k-t
=

v& Anomalies
i p—
= L

i

Eainv Da
-

1
L

—
=

y=-0.370Xx+4.077

- /\ [— [ 1=
I'I I",II / 'I'-.I /’Irf"'_ I'm |II E. 0.129
T\ N
f Vo Vol | [}

\ HJ \ [ \ \ H \ |

i \ J | / \'\\\ Ha}?‘fm
|I I ll." -\f.\_,—'- o

1992 19935 1993 2001 2004 2007 2010 2013

Winter




RAINY DAYS TREND :PRE MONSOON
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RAINY DAYS :MONSOON
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RAINY DAYS :POST MONSOON
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153.Increase in runoff



Monthly Discharge 1/sec (1992-2013)

Post

Year Jamuary Fsbauary Mlarch April pE Juns Julw Ausust Septembsr Oictobar Movember | Discember Winter Summer Nonzoon oL Arnmual
1992 10730 0.9296 0.7314 0.2557 0.5379 0.9160 1.9815 2.6976 2.38%4 0.3668 0.1257 0.0381 0.6802 0.5083 1595961 0.2462 1.0036
1993 1.1135 0.8996 1.162% 0.2129 0.7460 1.2142 3.388B6 24087 B.924% 1.2168 0.2661 0.0223 0.6785 0.7073 3.9841 0.7415 1.7981
1994 0.7083 1.6452 0.4147 1.3059 1.0657 13597 7.1550 5.4536 1.175%6 0.453% 0.2450 0.1264 0.8266 0.9301 3.7969 0.3515 1.7634
1995 1.2255 0.5265 0.3911 0.8604 0.6574 0.8414 2.1484 1.5477 26824 0.2817 0.1051 0.0312 0.5%44 0.6363 1.8050 0.1934 0.8416
1996 0.9457 0.1648 0.3023 0.7652 0.7123 16872 2.0817 2.5960 0.4583 0.4465 0.0646 0.0212 0.3772 0.5933 1.7108 0.2557 0.B555
1997 0.6B06 0.2474 0.2734 1.3144 0.6850 2.3845 1.8006 10.0B65 15216 0.3607 0.5604 0.7150 0.5477 0.7576 40483 0.4606 1.7525
1998 0.2307 0.B&75 0.7098 0.8398 0.4658 1.3363 4.1152 3.7486 6.2120 4.6032 1.2854 0.3565 0.4845 0.6731 3.8540 2.9463 2.0652
1999 0.5496 0.1475 0.1487 0.0427 02400 1.0120 1.8BB61 1.3968 1.6553 0.3595 0.0702 0.2498 0.3156 0.1438 1.4875 0.2145 0.6465
2000 0.4595 13748 0.3462 0.0380 0.4548 4 5486 25190 5.3997 5.1693 0.4584 0.1260 0.0502 0.6416 0.2797 4 5092 0.3122 1.7854
2001 0.4775 02708 0.4202 0.3806 0.9393 2.3345 2.2645 2.3487 0.4592 0.0851 0.0052 0.0181 0.2555 0.5800 1.8519 0.0501 0.8345
2002 1.1056 13718 0.3238 0.3803 0.1126 1.000% 1.0091 159521 3.6293 0.0734 0.0000 0.0433 0.8415 0.2722 1.907% 0.0367 0.9205
2003 0.3176 1.9955 0.2628 0.528% 0.1752 0.8413 17016 1.535%0 2.3312 0.221% 0.0332 0.3311 0.8814 0.3223 16282 0.1276 0.8645
2004 0.3033 0.0963 0.0148 0.2386 0.5232 1.8436 3.4843 7.3471 £.4456 0.4572 0.0256 0.0140 0.1378 0.2589 47801 0.2414 17328
2005 1.0633 05418 0.4634 0.0000 0.4446 0.6810 | 16.B831 13.4700 12.1547 2 5598 0.0000 0.0075 0.6709 0.3027 10.8097 1.2799 405595
2006 0.1583 0.0000 0.4583 0.1641 0.9000 0.9198 5.7106 3.8854 3.6241 0.0393 0.0036 0.0004 0.0529 0.5075 3.5360 0.0214 1.3223
2007 0.0000 1.5478 17512 0.5405 0.7423 1.5574 14088 3.0844 3.4847 0.3480 0.0162 0.1267 0.5582 1.0113 2.3839 0.1821 1.2173
2008 0.1233 0.043% 0.0683 1.4514 0.6306 3.4117 | 142587 0.9788 3.4048 0.0958 0.0745 0.0000 0.0557 0.7301 7.7735 0.0852 2.8018
2009 0.0172 1.8297 0.6151 0.8190 1.4143 2.1255 2.5993 4.5546 2.7763 1.1073 2.8283 0.33%4 0.72B8 0.9495 3.0139 19678 1.7522
2010 0.0727 0.6045 0.0000 0.0305 04868 0.8470 3.1309 3.6796 20,9518 0.5061 0.0933 0.0800 0.2525 0.1724 7.1523 0.2997 2.5403
2011 0.3018 0.8262 0.1939 0.4088 0.8093 2.5071 3.0702 £.9551 1.9701 0.2752 0.1160 0.0B48 0.4043 0.4707 3.6256 0.1956 1.4585
2012 0.0545 0.0980 0.0980 0.0980 0.0980 0.014 6.3059 B.4654 7712 0.3365 0.14 0.1797 0.1241 0.0980 5.6243 0.2383 1.9700
2013 0.0554 0.9363 0.1413 0.07 0.0033 27.38B6 5.6442 0.7913 0.9663 0.0929 0.1067 0.0967 0.3628 0.0715 B.6STE 0.0998 3.0244
hzan 0.5055 0.78%4 0.4223 0.4504 0.5840 2. 7856 4 2987 47032 45715 0.6726 02863 0.1333 0.4761 0.4585 4 0855 0.4734 1.6BES
50 040827 06111 0.359266 044311 0.33229 546799 | 3.94133 3.29657 4 587530 1.0109 0.61857 0.16925 0.25269 027665 247673 0.655466 0.82141
oy BO.7654 77417 929728 50.3508 56.B985 196 207 | 91.7095 70.0918 100.3408 150.30 216.034 1265982 53.0805 55.4451 60.5577 145 0562 48.6926
Wiz mu 1.2255 19955 17512 14514 1.4143 27.38B6 | 16.BB31 13.4700 209518 46032 2.B2B3 0.7150 0.8814 1.0113 10.8097 2.5463 405595
Minimu 0.0000 0.0000 0.0000 0.0000 0.0033 0.0140 1.0091 0.7913 0.4592 0.0393 0.0000 0.0000 0.0529 0.0715 1.4875 0.0214 0.6465




Average Monthly/Seasonal Discharge
(1992-2013)

Month Mean SD Ccv Maximum Minimum
January 0.50 0.41 81.50 1.23 0.00
February 0.79 0.61 77.42 2.00 0.00
March 0.42 0.39 92.97 1.75 0.00
April 0.49 0.44 90.35 1.49 0.00
May 0.58 0.33 56.90 1.41 0.00
June 2.79 5.47 196.30 27.39 0.01
July 4.30 3.94 91.71 16.88 1.01
August 4.70 3.30 70.09 13.47 0.79
September 4.57 4.59 100.34 20.95 0.46
October 0.67 1.01 150.31 4.60 0.04
November 0.29 0.62 216.03 2.83 0.00
December 0.13 0.17 126.98 0.72 0.00
Winter 0.48 0.25 53.21 0.88 0.05
Summer 0.50 0.28 55.45 1.01 0.07
Monsoon 4.09 2.48 60.56 10.81 1.49
Post Monsoon 0.48 0.70 145.06 2.95 0.02
Annual 1.69 0.82 48.68 4.06 0.65




Annual Discharge Trend
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Annual Discharge/Rainy Days/Rainfall

Years
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WinterDischarge Trend

Water Discharge Anamolies (1fsec)
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Summer Discharge Trend

Water Discharge Anamolies (1sec)
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Monsoon Discharge Trend

Whaler Discharge Anamolies (1'sec)
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Post Monsoon Discharge

Trend

Water Discharge Anamohes (Wsec)
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14. Change in Rainfall Rhythm



Change in Rainfall Rhythm

Annual Hyetograph ( Peak July)
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Annual Hyetograph (Peak August)

Rainfall (1992-2013)
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Annual Hyetograph (Peak September)

Rainfall (mm)
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15. Transformation of Perennial Streams to Non—
Perennial Streams

Water Discharge (/sec)
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Salla Rautela River Perennial in 1992
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salla Rautela INntermittent Stream in 2001

Rainfall (mm)
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in 2013

salla Rautela Seasonal Stream

Rainfall (mm)
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Chamcteristics of water discharge flow of the Salla Rautzla Stream (dfter -J 5 Rawar, 2011)
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NON-GLACIAL FED RIVER RESIGM
15. Transformation of Perennial Streams to Non-
Perennial Streams
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No Discharge Days (1992-2013)

Mea Maximu | Minimu

Month n SD cv m m
January 5 6.08 128.62 19.00 0
February 6 6.44 113.33 20.00 0
March 7 6.93 97.79 23.00 0
April 13 11.24 89.57 27.00 0
May 14 12.04 84.91 30.00 0
June 4 7.07 176.78 20.00 0
July 0 0.00 0.00 0.00 0
August 0 0.00 0.00 0.00 0
September 0 0.00 0.00 0.00 0
October 6 6.20 108.20 18.00 0
November 9 7.75 90.21 21.00 0
December 10 8.82 87.84 22.00 0
Winter 20 18.88 92.29 57.00 0
Summer 34 29.86 88.30 80.00 0
Monsoon 4 7.07 176.78 20.00 0
Post

Monsoon 14 13.36 0.00 39.00 0
Annual 73 64.24 0.00 168.00 0




ANNUAL: NO DISCHARGE DAYS
Avg.73 days/yr
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WINTER: NO DISCHARGE DAYS
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PRE MONSOON: NO DISCHARGE DAYS
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MONSOON: NO DISCHARGE DAYS

Days of NoDischarge
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POST MONSOON: NO DISCHARGE DAYS
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16. Decrease in stream length



Rt _I

(B)
Perennial rivers network (in green colour) in the Kosi Watershed: about 50
years back the total length of perennial streams in the Kosi watershed was

about 225.85km (A); and at present the length of perennial stream in the
Kosi watershed is only 41.9km.

(A)




NON-GLACIAL FED RIVER RESIGM
16. Dwindilling of base flow



16.

NON-GLACIAL FED RIVER RESIGM
Dwindilling of base flow
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(A) Four Decade Back
PERENNIAL RIVERS

\ Tarakial (A Dry Lake)
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DISTRICT Rivers
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Development Blocks 1. Kashauliya Ganga
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7. Chhatariya Gewal.
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Open Present Condition




(B) At Present (2003AD)
MON-PEREMNNIAL RIVERS
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Transformation of Perennial Streams into Non-Perennial Streams
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Taraktal (Dry Lake) (B) At Present (2003AD)
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The Kosi River in June,2003

Shomeshwer




TRANSFORMATION OF PEEENNIAL RIVERS
INTO NON-PERENNIAL RIVERS. ez . the life lme
of the Almora and = emvmons iz, the KOSI RIVER

Drinking Water Pump
House at Kosi River for
Almora Town




Almora Pump House, 22 JUNE 2009







List of Dry Perennial Streams of District

Almora

River System

Dry Perennial Stream 14

Kosi River

Nani Kosi, Raingad, Janelgad, Bengad, Khasrotragad,
Sumarigad, Sai Nala, Devgad, Manolgad, Simgad,
Naraiyegad, Ghatgad, Jaurasi Nala, Kutchgad,
Jamtharagad- 14
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