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ABSTRACT. A study was conducted to assess the projected changes in climatic parameters during 21 century in
Punjab state. The CSIRO-Mk 3-6-0 model simulated data was downscaled from the website
http://gismap.ciat.cgiar.org/MarkSimGCM/ for seven locations under four RCP scenarios. The two future periods,
i.e., mid-century (MC: 2020-2049) and end-century (EC: 2066-2095) were assessed on annual and seasonal (kharif and
rabi) basis. During mid-century the annual, kharif and rabi seasons maximum temperature is projected to increase from
baseline period between 0 to 1.5 °C, 0.3 to 1.5 °C and 0 to 1.6 °C, respectively; minimum temperature to increase from
baseline period between 1.1 to 3.1 °C, 0.1 to 4.8 °C and 0.3 to 1.8 °C, respectively but the rainfall to decrease from
baseline period between 33 to 554 mm, 20 to 443 mm and 20 to 110 mm, respectively. During the end-century the
annual, kharif and rabi seasons maximum temperature is projected to increase from baseline period between 0.8 to 4.4°C,
0.8 to 4.3 °C and 0.6 to 4.9 °C, respectively; minimum temperature to increase from baseline period between 0.4 to
6.6 °C, 0.5 to 6.3 °C and 0.0 to 5.5 °C, respectively but the rainfall to decrease from baseline period between 3 to
610 mm, 14 to 506 mm and 17 to 107 mm, respectively. Rainfall was projected to increase at Abohar (11-41 mm) while
it may decline at Amritsar (49-128 mm), Ballowal Saunkhri (501-554 mm), Ludhiana (131-152 mm), Patiala (148-187),
Bathinda (49-82 mm) and Faridkot (33-67 mm).

Key words — CSIRO-Mk 3-6-0 model, Temperature, Rainfall, RCP scenario, Punjab.

concentration of greenhouse gases (GHGS)

Climate change is occurring at a fast pace in recent
times and footprints of these changes are becoming visible
globally. Though it has been an age old phenomenon but
recently due to unprecedented increase in the

atmosphere caused by anthropogenic activities it has
gained momentum during 20™ century (Khan et al., 2009).
Climate change has impacted almost all parts of the world,
but the Asian continent is considered to be the most
vulnerable region to shocks of climate change and climate
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TABLE 1

Statistics of temperature and rainfall data simulated by CSIRO-Mk 3-6-0 model before and after bias removal

Statistical parameter Observed parameter

Uncorrected parameter Corrected parameter

(2016-17) (2016-17) (2016-17)
Maximum temperature (°C)
Average 30.37 32.94 29.90
SD 7.10 7.93 7.56
C.V. (%) 50.48 62.82 57.09
RMSE (%) - 457 3.70
NRMSE (%) - 15.04 12.17
Minimum temperature (°C)
Average 18.33 18.37 17.88
SD 7.88 9.52 8.18
C.V. (%) 62.17 90.72 66.92
RMSE (%) - 3.71 3.28
NRMSE (%) - 20.23 17.92
Rainfall (mm/day)
Average 1.50 18.20 1.60
SD 481 7.67 6.41
C.V. (%) 23.13 58.79 41.10
RMSE (%) - 7.28 7.95
NRMSE (%) - 47.61 1.46

variability due to various stresses and low adaptive
capacity (IPCC : 2013; FAO, 2006). The impacts of
climate change on hydrology are evaluated on the basis of
climate change projections provided by global (GCM) and
regional climate models (RCMs). General circulation
models provide large-scale projections for various climate
variables (IPCC, 2013). With a variety of numerical
formulations and physical parameterization schemes,
GCM’s provide a range of climate change projections,
implying that the uncertainty of the models themselves
contributes to overall uncertainty when assessing climate
change impacts (Chen et al., 2017).

According to IPCC (2014) the downscaled data for
temperature and rainfall for the period (1860-2099) based
on the multi-model and multi-scenario are now available.
In India, during the past few years, several high resolution
RCMs have been used by different research groups at a
regional scale in climate change analysis. Chaturvedi
et al. (2012) using the CMIP5 climate projections for
India observed great ambiguity in precipitation
projections, however, temperature is probably going to

increase by 3-4 °C under the RCP 8.5 scenario by the end
of 21% century.

A study conducted in Punjab by Prabhjyot-Kaur
et al. (2017) has shown that by the end of 21% century rise
in the maximum and minimum temperature and rainfall
ranged between 2.0 to 2.2 °C, 3.3 t0 5.4 °C and 33 to 66%
respectively under different scenarios of climate change in
agro-climatic zone Il (Ballowal Saunkhri); whereas in
agro-climatic zone Ill (Ludhiana, Amritsar, Patiala and
Jalandhar) the values were 0.4 t0 5.8 °C, 2.5t0 7.4 °C and
3 to 62% respectively, while and in agro-climatic zone V
(Bathinda) the values were 0.5 to 4.0 °C, 4.7 to 7.7 °C and
58 to 69% respectively. Dar et al. (2019) used a Global
Climate Model HAD GEM2-ES under RCPs 4.5 and 8.5
for climate prediction at Ludhiana in Punjab. This study
spanned 46 years of baseline (1970-2015) as well as two
future periods, i.e., mid-century (2020-2050) and end-
century (2060-2090). The outcomes showed that the
temperature would increase by 1.56 °C and precipitation
would decline by 98 mm in mid-century (2020-2050); and
3.11 °C and 90 mm in end-century (2060-2090),
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respectively under RCP 45. In RCP 85 the
increase in temperature and precipitation was 2.75 °C and
153 mm, respectively in mid-century and the
corresponding values in end-century were 5.46 °C and
251 mm, respectively.

Currently, several GCMs are available which can be
downscaled to the respective grids and ready-to-use
information can be accessed on climate change under
different RCP scenarios during the near future and end of
the 21% century.

Keeping these different scenarios in mind, the results
of the general circulation model (CSIRO-Mk 3-6-0) have
been presented in our paper under different scenarios RCP
2.6, RCP 4.5, RCP 6.0 and RCP 8.5 for the near future
and end of 21% century. Such information will guide
scientists in planning future research and help policy
makers while planning for futuristic agriculture.

2. Materials and method

The study was carried out for Ballowal Saunkhri
(30° 07" N 76° 23" E 355 a.m.s.l.), Amritsar (31° 37" N,
74° 53" E 231 a.m.s.l), Abohar (30° 58’ N, 74° 36’ E
177 a.m.s.l.), Faridkot (30° 40" N, 74° 45’ E 204 a.m.s.1.),
Jalandhar (31° 19’ N 75° 34’ E 238 a.m.s.l.), Ludhiana,
(30° 56" N 75° 48" E 247 a.m.s.l.), Patiala (30° 20’ N,
76° 28' E 251 a.m.s.l.) and Bathinda (30° 12’ N, 74° 57’ E
211 am.s.l)  locations in Punjab state. Data for
meteorological parameters like maximum temperature
(Tmax), minimum temperature (Tmin) and rainfall (RF)
on daily basis was downscaled from General circulation
model (CSIRO-Mk3-6-0) available at the website
http://gismap.ciat.cgiar. org/MarkSimGCM/ for these
locations. The daily weather data for the past 8 years on
temperature and rainfall recorded at the agro
meteorological observatory was used for calibration
(2010-2015) and validation (2016-2017) of the baseline
data by developing correction factors using difference
method given as under :

Xmodelcorr = X(model uncorr) — (Xmodel - Xobs)

Xmodel = Model data
Xmodeluncorr = Uncorrected model data
Xobs = Observed data

The statistical analysis of the model simulated data
before and after bias removal along with actual observed
data are given in Table 1. The bias correction in the
modeled data was done at monthly scale for Tmax and RF,
while Tmin data was used without any bias removal. The
analysis of the daily data was done on annual and seasonal

(kharif : May-October and rabi : November-April) basis
for temperature and rainfall. The statistical analysis of the
projected data during the near (2020-2049) and end (2066-
2095) of 21" century under four Representative
Concentration Pathway (RCP 2.6, RCP 4.5, RCP 6.0 and
RCP 8.5) scenarios was compared with the climatic
normal. The climatic normal were worked from actual
available records), i.e., 1970-2015 for Ludhiana, Amritsar
and Patiala; 1984-2015 for Ballowal Saunkhri; 1977-2015
for Bathinda; 2000-2015 for Faridkot and 2004-2015 for
Abohar.

3. Results and discussion

3.1. Maximum temperature under different RCPs
scenarios

The annual, kharif and rabi maximum temperature
(Tmax) at different locations of Punjab during the baseline
period, mid and end 21% century have been presented in
Tables 2 and 3. During the mid-century (Table 2), the
Tmax is predicted to increase for annual, kharif and rabi,
respectively from baseline period in the range from 1.1 to
15 °C, 1.1 to 15 °C and 0.9 to 1.4 °C at Ballowal
Saunkhri; 0.4 to 1.0 °C, 0.6 to 1.2 °C and 0.2 to 0.7 °C at
Amritsar; 0.5t0 1.0 °C, 0.5t0 0.9 °C and 0.6 to 1.0 °C at
Ludhiana; 0.9 to 1.0°C, 0.9 to 1.3°C and 0.8 to 1.3°C at
Patiala; 0 to 0.5 °C, 0.1 to 0.6 °C and 0 to 0.4 °C at
Bathinda; 0.4 to 0.9 °C, 0.3t0 0.8 °C and 0.5 to 1.0 °C at
Abohar; 0.6 to 1.1 °C, 0.2 t0 0.7 °C and 1.1 to 1.6 °C at
Faridkot under RCP 2.6, RCP 4.5, RCP 6.0 and RCP
8.5 scenarios.

The value of standard deviation and coefficient of
variation (%) are respectively, ranged from 6.79 to
6.83 °C and 21.61 to 21.92%, 3.55 to 3.64 °C and 10.0 to
10.13% and 6.29 to 6.35 °C and 23.41 to 23.97% at
Ballowal Saunkhri; 7.75 to 7.78 °C and 24.88 to 25.27%,
4.07 to 4.08 °C and 11.07 to 11.27% and 6.64 to 6.69 °C
and 25.81 to 26.55% at Amritsar; 7.43 to 7.48 °C and
24.19 to 24.56%, 3.71 to 3.79 °C and 10.45 to 10.60% and
6.74 t0 6.79 °C and 26.32 to 26.97% at Ludhiana; 7.20 to
7.26 °C and 22.84 to 23.24%, 3.67 to 3.71 °C and 10.14 to
10.28% and 6.70 to 6.76 °C and 25.81 to 25.83% at Patiala;
7.86 to 7.89 °C and 24.72 to 25.21%, 3.92 to 3.93 °C and
10.55 to 10.63% and 6.91 to 6.98 °C and 26.40 to 26.95%
at Bathinda; 7.55 to 7.59 °C and 24.29 to 24.69%, 3.65 to
3.73 °C and 10.12 to 10.31% and 6.47 to 6.52 °C and
25.30 to 25.99% at Abohar; 7.11 to 7.14 °C and 22.93 to
23.35%, 3.44 to 3.48 °C and 9.62 to 9.79% and 6.59 to
6.62 °C and 25.26 to 25.83% at Faridkot, respectively.

During the end-century (Table 3), at different
locations of Punjab under study, the Tmax is predicted to
increase for three seasons respectively, from baseline
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TABLE 2

Annual and seasonal variations in maximum temperature (°C) at different locations during mid-century (2020-2049)
as simulated by CSIRO-Mk 3-6-0 model

Season and Baseline Period RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5
location Mean S.D. CV. Mean SD. CV. Mean SD. CV. Mean SD. CV. Mean SD. C.V.
Q) (C) ) (C) (G ) (C) (). () (G (0. ) (¢ (C) (%)
Annual
Ballowal 300 07 24 312 6.83 2192 314 6.79 2161 311 6.82 2197 315 6.81 21.63
Saunkhri (+1.2) (+1.4) (+1.1) (+1.5)
Amritsar 303 06 19 309 779 2519 312 775 2488 307 777 2527 313 7.78 24.90
(+0.6) (+0.9) (+0.4) (+1.0)
Ludhiana 298 05 18 305 748 2455 30.7 743 2419 303 745 2456 308 746 24.22
(+0.7) (+0.9) (+0.5) (+1.0)
Patiala 302 06 19 312 726 2323 315 720 228 311 723 2324 316 721 2284
(+1) (+1.3) (+0.9) (+1.4)
Bathinda 313 07 23 315 7.89 2509 317 787 2482 313 789 2521 318 786 24.72
(+0.2) (+0.4) (0) (+0.5)
Abohar 302 08 28 308 759 2465 310 755 2434 306 756 2469 311 756 24.29
(+0.6) (+0.8) (+0.4) (+0.9)
Faridkot 299 06 21 307 714 2327 309 711 2297 305 713 2335 310 7.11 2293
(+0.8) (+1.0) (+0.6) (+1.1)
Kharif
Ballowal 344 08 24 356 360 10.11 359 359 10.02 355 355 1000 359 364 10.13
Saunkhri (+1.2) (+1.5) (+1.1) (+1.5)
Amritsar 3%6 07 19 364 408 1122 366 408 1115 362 4.08 1127 36.8 4.07 11.07
(+0.8) (+1.0) (+0.6) (+1.2)
Ludhiana 349 06 17 355 376 1060 358 3.74 1045 354 3.71 1048 358 3.79 10.58
(+0.6) (+0.9) (+0.5) (+0.9)
Patiala 3%0 06 18 361 371 1028 363 368 1014 359 367 1022 363 371 10.20
(+1.2) (+1.3) (+0.9) (+1.3)
Bathinda 36.7 10 27 370 393 1063 37.2 394 1060 36.8 392 1066 37.3 393 10.55
(+0.3) (+0.5) (+0.1) (+0.6)
Abohar 37 05 14 362 373 1031 364 369 1012 360 365 1013 365 371 10.15
(+0.5) (+0.7) (+0.3) (+0.8)
Faridkot 351 08 23 355 348 9.79 35.7 346 9.70 35.3 346  9.79 358 344 962
(+0.4) (+0.6) (+0.2) (+0.7)
Rabi
Ballowal 256 09 36 266 634 2383 269 629 2341 265 635 2397 270 631 2341
Saunkhri (+1.0) (+1.3) (+0.9) (+1.4)
Amritsar 249 08 34 253 664 2627 256 6.69 2610 251 6.67 2655 256 6.61 25.81
(+0.4) (+0.7) (+0.2) (+0.7)
Ludhiana 246 08 31 253 679 2686 256 674 2636 252 679 2697 256 6.75 26.32
(+0.7) (+1.0) (+0.6) (+1.0)
Patiala 254 09 34 263 6.76 2574 266 670 2521 262 676 2583 26.7 6.72 25.23
(+0.9) (+1.2) (+0.8) (+1.3)
Bathinda 258 09 37 258 696 2695 261 693 2655 257 698 2720 262 6.91 2640
(+0) (+0.3) (-0.1) (+0.4)
Abohar 246 14 55 252 651 2581 255 650 2547 251 652 2599 256 6.47 25.30
(+0.6) (+0.9) (+0.5) (+1.0)
Faridkot 245 09 37 257 661 2568 260 659 2531 256 6.62 2583 26.1 6.59 2526
(+1.2) +(1.5) (+1.1) (+1.6)

* Figures in the parenthesis denote deviation from the baseline value
**Baseline period for Ballowal Saunkhri (1984-2015), for Ludhiana, Amritsar, Patiala (1970-2015) and for Bathinda (1977-2015),
Faridkot: (2000-2015), Abohar: (2004-2015)
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TABLE3

Annual and seasonal variations in maximum temperature (°C) at different locations during end-century (2066-2095)

as simulated by CSIRO-Mk 3-6-0 model

Season and Baseline Period RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5
location Mean S.D. CV. Mean SD. CV. Mean SD. CV. Mean SD. CV. Mean SD. CV.
Q) (C) ) (C) (G ) (C) (). () (G (0. ) (¢ (C) (%)
Annual
Ballowal 300 07 24 318 6.72 2116 33.0 6.57 19.89 328 6.60 20.10 344 654 18.99
Saunkhri (+1.8) (+3.0) (+2.8) (+4.4)
Amritsar 303 06 19 315 7.65 2428 328 753 23.00 326 756 2319 343 748 2182
(+1.2) (+2.5) (+2.3) (+4.0)
Ludhiana 298 05 18 310 736 2372 323 721 2231 321 724 2255 337 721 2138
(+1.2) (+2.5) (+2.3) (+3.9)
Patiala 302 06 19 318 710 2233 331 7.02 2123 329 705 2145 344 697 20.27
(+1.6) (+2.9) (+2.7) (+4.2)
Bathinda 313 07 23 321 7.78 2425 334 761 2282 332 7.65 2307 348 752 2163
(+0.8) (+2.1) (+1.9) (+3.5)
Abohar 302 08 28 314 749 2384 327 730 2233 325 734 2260 342 725 21.20
(+1.2) (+2.5) (+2.3) (+4.0)
Faridkot 299 06 21 313 7.03 2246 32.6 6.87 21.08 324 6.91 2134 340 6.76 19.88
(+1.4) (+2.7) (+2.5) (+4.1)
Kharif
Ballowal 344 08 24 36.2 350 9.67 37.3 353 946 37.1 354 954 387 362 937
Saunkhri (+1.8) (+2.9) (+2.7) (+4.3)
Amritsar 356 07 19 36.9 399 1079 38.1 396 1040 379 397 1046 396 4.06 10.26
(+1.3) (+2.5) (+2.3) (+4.0)
Ludhiana 349 06 17 36.1 3.67 10.18 37.2 3.66 9.83 37.0 3.72 1006 385 380 9.87
(+1.2) (+2.3) (+2.1) (+3.6)
Patiala 350 06 18 36,5 3.60 9.86 37.7 359 952 37.5 366 9.75 39.0 376 9.65
(+1.5) (+2.7) (+2.5) (+4.0)
Bathinda 36.7 10 27 375 386 1029 38.6 3.89 10.06 384 394 1026 400 398 9.96
(+0.8) (+1.9) (+1.7) (+3.3)
Abohar 357 05 14 36.8 3.62 9.85 37.9 360 948 37.7 360 954 394 366 931
(+1.2) (+2.2) (+2.0) (+3.7)
Faridkot 351 08 23 36.1 338 9.37 37.2 336 9.05 37.0 341 9.23 386 342 888
(+1.0) (+2.1) (+1.9) (+3.5)
Rabi
Ballowal 256 09 36 272 621 2283 286 6.09 2129 284 6.14 2162 301 6.05 20.11
Saunkhri (+1.6) (+3.0) (+2.8) (+4.5)
Amritsar 249 08 34 25.9 643 2484 273 6.44 2358 27.1 6.44 2376 288 624 21.65
(+1.0) (+2.4) (+2.2) (+3.9)
Ludhiana 246 08 31 259 6.65 2570 273 6.53 2395 27.1 6.59 2434 287 650 2262
(+1.3) (+2.7) (+2.5) (+4.1)
Patiala 254 09 34 26.9 6.61 2458 283 6.51 23.01 28.1 6.54 2327 297 6.46 2179
(+1.5) (+2.9) (+2.7) (+4.3)
Bathinda 258 09 37 264 6.79 2568 279 6.70 2398 277 6.73 2429 294 657 2231
(+0.6) (+2.1) (+1.9) (+3.6)
Abohar 246 14 55 25.9 6.38 2467 273 6.23 2281 27.1 6.29 2322 289 6.12 2122
(+1.3) (+2.7) (+2.5) (+4.3)
Faridkot 245 09 37 264 647 2455 278 6.37 2290 276 6.42 2327 294 624 2125
(+1.9) (+3.3) (+3.1) (+4.9)

* Figures in the parenthesis denote deviation from the baseline value

**Baseline period for Ballowal Saunkhri (1984-2015), for Ludhiana, Amritsar, Patiala (1970-2015) and for Bathinda (1977-2015),

Faridkot: (2000-2015), Abohar: (2004-2015)
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period in the range from 1.8 to 4.4 °C, 1.8 to 4.3 °C and
1.6 to 4.5 °C at Ballowal Saunkhri; 1.2 to 4.0 °C, 1.3 to
4.0 °C and 1.0 to 3.9 °C at Amritsar; 1.2 t0 3.9 °C, 1.2 to
3.6 °Cand 1.3to0 4.1 °C at Ludhiana; 1.6 to 4.2 °C, 1.5 to
4.0 °C and 1.5 to 4.3 °C at Patiala; 0.8 to 3.5 °C, 0.8 to
3.3 °C and 0.6 to 3.6 °C at Bathinda; 1.2 to 4.0 °C, 1.1 to
3.7 °C and 1.3 to 4.3 °C at Abohar; 1.4 to 4.1 °C, 1.0 to
3.5 °C and 1.9 to 4.9 °C at Faridkot under RCP 2.6, RCP
4.5, RCP 6.0 and RCP 8.5 scenarios.

The value of standard deviation and coefficient of
variation (%) ranges from 6.57 to 6.72 °C and 18.99 to
21.16%, 3.50 to 3.62 °C and 9.37 to 9.67% and 6.05 to
6.21 °C and 20.11 to 22.83% at Ballowal Saunkhri; 7.48
to 7.65 °C and 21.82 to 24.28%, 3.96 to 4.06 °C and 10.26
to 10.79% and 6.24 to 6.44 °C and 21.65 to 243.84% at
Amritsar; 7.21 to 7.24 °C and 22.31 to 23.72%, 3.66 to
3.80 °C and 9.83 to 10.18% and 6.50 to 6.65 °C and
22.62 t0 25.70% at Ludhiana; 6.97 to 7.10 °C and 20.27 to
22.33%, 3.59 to 3.76 °C and 9.52 to 9.86% and 6.46 to
6.61 °C and 21.79 to 24.58% at Patiala; 7.52 to 7.78 °C
and 21.63 to 24.25%, 3.86 to 3.98 °C and 9.96 to 10.29%
and 6.57 to 6.79 °C and 22.31 to 25.68% at Bathinda; 7.25
to 7.49 °C and 21.20 to 23.84%, 3.60 to 3.66 °C and 9.31
to 9.85% and 6.12 to 6.38 °C and 21.22 to 24.67% at
Abohar; 6.76 to 7.03 °C and 19.88 to 22.46%, 3.36 to
3.42 °C and 8.88 to 9.37% and 6.24 to 6.47 °C and 21.25
to 24.55% at Faridkot, respectively.

3.2. Minimum temperature under different RCPs
scenarios

The annual, kharif and rabi minimum temperature
(Tmin) at different locations during the baseline period,
mid and end 21 century have been presented in Tables 4
and 5. During the mid-century (Table 4), the Tmin is
predicted to increase for annual, kharif and rabi
respectively, from baseline period in the range from 2.5 to
3.1 °C, 42 to 48 °C and 0.5 to 1.1 °C at Ballowal
Saunkhri; 2.3 10 2.9 °C, 3.4 t0 4.0 °C and 1.2 to 1.8 °C at
Amritsar; 2.0 to 2.6 °C, 3.4t0 4.0 °C and 0.6 to 1.1 °C at
Ludhiana; 1.5t0 2.1 °C, 2.9t0 3.2 °C and 0.3 t0 0.9 °C at
Patiala; 1.7 to 2.3 °C, 2.8 to 3.4 °C and 0.3 to 1.0 °C at
Bathinda; 1.1to 1.7 °C, 3.1t0 3.7 °C and -0.2 to -0.9 °C at
Abohar; 1.2 to 1.9 °C, 0.1 to 0.4 °C and 2.9 to 3.5 °C at
Faridkot under RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5
scenarios.

The value of standard deviation and coefficient of
variation (%) ranges from 9.50 °C and 49.30 to 50.80%,
3.30 to 3.40 °C and 12.80 to 12.90% and 6.20 to 6.30 °C
and 56.20 to 58.00% at Ballowal Saunkhri; 9.50 °C and
51.90 to 52.90%, 3.40 to 3.50 °C and 12.80 to 13.00% and
6.20 °C and 61.10 to 65.70% at Amritsar; 9.50 °C and
49.10 to 50.60%, 3.40 to 3.50 °C and 12.70 to 12.90% and

6.20 °C and 55.70 to 59.10% at Ludhiana; 9.0 °C and
45.80 to 47.00%, 3.30 to 3.40 °C and 12.30 to 12.50% and
6.10 °C and 50.70 to 33.40% at Patiala; 9.60 to 9.70 °C
and 50.30 to 52.10%, 3.30 to 3.40 °C and 12.70 to 13.00%
and 6.10 °C and 57.50 to 61.50% at Bathinda; 9.90 to
10.0 °C and 51.30 to 53.20%, 3.70 °C and 13.20 to
13.50% and 6.30 to 6.40 °C and 58.70 to 63.10% at
Abohar; 9.60 °C and 50.40 to 52.10%, 3.50 °C and 13.00
to 13.50% and 6.20 to 6.30 °C and 57.60 to 61.60% at
Faridkot, respectively.

During the end-century (Table 5), at different
locations of Punjab under study, the Tmin is predicted to
increase for three seasons respectively, from baseline
period in the range from 3.2 to 6.6 °C, 4.9 to 6.3 °C and
1.4 to 4.8 °C at Ballowal Saunkhri; 3.1 to 6.5 °C, 4.0 to
5.5°C and 2.0 to 5.5 °C at Amritsar; 2.8 to 6.1 °C, 4.0 to
5.4 °C and 1.4 to 4.8 °C at Ludhiana; 2.3t0 5.5 °C, 3.4 to
4.7 °C and 1.1 to 4.4 °C at Patiala; 2.5 to 6.1 °C, 3.5 to
4.9 °Cand 1.2 to 5.1 °C at Bathinda; 1.9 to 5.6 °C, 3.8 to
5.2 °C and 1.3 to 4.0 °C at Abohar; 0.4 to 2.5 °C, 0.5 to
1.9°Cand-1.0to -2.6 °C at Faridkot under RCP 2.6, RCP
4.5, RCP 6.0 and RCP 8.5 scenarios.

The value of standard deviation and coefficient of
variation (%) ranges from 9.17 to 9.34 °C and 40.25 to
48.12%, 3.42 to 3.45 °C and 11.30 to 12.66% and 5.78 to
6.14 °C and 39.1 to 54.05% at Ballowal Saunkhri; 9.27 to
9.40 °C and 42.15 to 50.52%, 3.36 to 3.42 °C 11.42 to
12.66% and 5.69 to 6.09 °C and 41.1 to 58.45% at
Amritsar; 9.18 to 9.33 °C and 40.24 to 47.90%, 3.41 to
3.46 °C and 11.30 to 12.62% and 5.75 to 6.12 °C and 38.9
to 53.56% at Ludhiana; 8.73 to 8.91 °C and 37.86 to
44.81%, 3.25 to 3.34 °C and 10.84 to 12.25% and 5.69 to
5.99 °C and 36.8 to 48.99% at Patiala; 9.15 to 9.51 °C and
39.93 t0 49.11%, 3.33 to 3.47 °C and 10.85 to 12.69% and
5.71 to 6.15 °C and 38.3 to 55.18% at Bathinda; 9.35 to
9.78 °C and 40.28 t0 50.12%, 3.49 to 3.68 °C and 11.17 to
12.94% and 5.72 to 6.22 °C and 38.2 to 56.37% at
Abohar; 9.15 to 9.45 °C and 40.19 to 49.13%, 3.44 to
3.52 °C and 11.27 to 12.94% and 5.69 to 6.13 °C and 38.5
to 55.28% at Faridkot, respectively.

3.3. Rainfall under different RCPs scenarios

The annual, kharif and rabi rainfall (RF) at different
locations of Punjab during the baseline period, mid and
end 21% century have been presented in Tables 6 and 7.
During mid-century, (Table 6) the rainfall is predicted to
increase for annual, kharif and rabi from baseline period
in the range from 501 to 514 mm, 393 to 443 mm and 95
to 110 mm at Ballowal Saunkhri; 49 to 128 mm, 44 to 82
mm and 46 to 72 mm at Amritsar; 133 to 152 mm, 60 to
84 mm and 59 to 74 mm at Ludhiana; 148 to 187 mm, 88
to 128 mm and 57 to 69 mm at Patiala; 49 to 82 mm, 23 to
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TABLE 4

Annual and seasonal variations in minimum temperature (°C) at different locations during mid-century (2020-2049)
as simulated by CSIRO-Mk 3-6-0 model

Season and Baseline Period RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5
location Mean S.D. CV. Mean SD. CV. Mean SD. CV. Mean SD. CV. Mean SD. C.V.
Q) Q) ) (O () %) (G (C. ) (C) (€. ) (C) (O (%)
Annual
Ballowal 16.2 05 37 189 950 5010 190 950 4990 187 950 50.80 193 9.50 49.30
Saunkhri (+2.7) (+2.8) (+2.5) (+3.1)
Amritsar 155 07 46 181 960 5290 182 9.60 5270 178 9.60 53.70 184 9.60 51.90
(+2.6) (+2.7) (+2.3) (+2.9)
Ludhiana 16.7 09 52 190 950 4980 191 950 49.70 187 950 50.60 19.3 9.50 49.10
(+2.3) (+2.4) (+2.0) (+2.6)
Patiala 176 05 28 194 900 46.40 195 9.00 4630 191 9.00 47.00 19.7 9.00 45.80
(+1.8) (+1.9) (+1.5) (+2.1)
Bathinda 16.9 06 38 188 960 5120 189 970 5110 186 9.70 5210 192 9.60 50.30
(+1.9) (+2.0) (+1.7) (+2.3)
Abohar 176 16 89 190 990 5240 191 1000 5230 187 9.90 5320 193 990 51.30
(+1.4) (+1.5) (+1.1) (+1.7)
Faridkot 20.3 20 98 187 960 5130 188 960 5120 184 9.60 5210 191 9.60 50.40
(-1.6) (-1.5) (-1.9) (-1.2)
Kharif
Ballowal 22.4 05 24 269 350 1290 270 350 1280 266 340 1290 272 350 1280
Saunkhri (+4.5) (+4.6) (+4.2) (+4.8)
Amritsar 225 08 37 262 340 1300 263 340 1280 259 330 1290 265 340 12.80
(+3.7) (+3.8) (+3.4) (+4.0)
Ludhiana 233 09 40 269 350 1290 271 350 1280 26.7 340 1290 273 350 1270
(+3.6) (+3.8) (+3.4) (+4.0)
Patiala 239 06 23 268 340 1250 270 330 1240 266 330 1250 27.1 330 12.30
(+2.9) (+3.1) (+2.7) (+3.2)
Bathinda 23.9 07 31 270 350 1300 271 350 1290 26.7 350 1290 273 350 1270
(+3.1) (+3.2) (+2.8) (+3.4)
Abohar 240 17 70 274 370 1350 275 370 1340 271 370 1350 27.7 3.70 13.20
(+3.4) (+35) (+3.1) (+3.7)
Faridkot 26.7 17 64 268 350 1320 269 350 1310 265 350 1320 271 350 13.00
(+0.1) (+0.2) (-0.2) (+0.4)
Rabi
Ballowal 100 08 80 108 6.20 5800 109 6.20 5760 105 6.30 59.70 111 6.20 56.20
Saunkhri (+0.8) (+0.9) (+0.5) (+1.1)
Amritsar 8.4 07 85 98 620 6360 99 620 6300 96 630 6570 102 6.20 61.10
(+1.4) (+1.5) (+1.2) (+1.8)
Ludhiana 100 09 89 108 6.20 5750 109 6.20 57.00 106 6.20 59.10 111 6.20 55.70
(+0.8) (+0.9) (+0.6) (+1.1)
Patiala 111 06 51 117 6.10 5220 118 6.10 5180 114 6.10 53.40 12.0 6.10 50.70
(+0.6) (+0.7) (+0.3) (+0.9)
Bathinda 9.9 08 82 105 630 59.80 106 6.30 5940 102 6.30 6150 109 6.20 57.50
(+0.6) (+0.7) (+0.3) (+1.0)
Abohar 11.0 17 156 104 640 61.30 104 6.40 61.00 101 6.40 63.10 10.8 6.30 58.70
(-0.6) (-0.6) (-0.9) (-0.2)
Faridkot 137 22 162 105 6.30 5990 105 630 5950 102 6.30 61.60 108 6.20 57.60
(3.2) (32 (-35) (-2.9)

* Figures in the parenthesis denote deviation from the baseline value
**Baseline period for Ballowal Saunkhri (1984-2015), for Ludhiana, Amritsar,

Faridkot: (2000-2015), Abohar: (2004-2015)

Patiala (1970-2015) and for Bathinda (1977-2015),
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TABLES

Annual and seasonal variations in minimum temperature (°C) at different locations during end-century (2066-2095)
as simulated by CSIRO-Mk 3-6-0 model

Season and Baseline Period RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5
location Mean S.D. CV. Mean SD. CV. Mean SD. CV. Mean SD. CV. Mean SD. C.V.
Q) Q) ) (O () %) (G (C. ) (C) (€. ) (C) (O (%)
Annual
Ballowal 16.2 05 37 194 0935 4812 208 924 4434 208 934 4492 228 917 40.25
Saunkhri (+3.2) (+4.6) (+4.6) (+6.6)
Amritsar 155 07 46 186 940 5052 200 9.29 4644 200 940 47.06 220 9.27 4215
(+3.1) (+4.5) (+4.5) (+6.5)
Ludhiana 16.7 09 52 195 933 4790 209 923 4422 208 933 4481 228 9.18 40.24
(+2.8) (+4.2) (+4.1) (+6.1)
Patiala 176 05 28 199 891 4481 212 878 4135 212 889 4203 231 873 37.86
(+2.3) (+3.6) (+3.6) (+5.5)
Bathinda 16.9 06 38 194 951 4911 208 931 4466 208 940 4522 230 9.15 39.93
(+2.5) (+3.9) (+3.9) (+6.1)
Abohar 176 16 89 195 9.78 5012 210 954 4535 210 9.63 4586 232 9.35 40.28
(+1.9) (+3.4) (+3.4) (+5.6)
Faridkot 20.3 20 98 192 945 4913 207 927 4481 20.7 938 4538 228 9.15 4019
(-1.2) (+0.4) (+0.4) (+2.5)
Kharif
Ballowal 22.4 05 24 273 345 1266 286 342 1197 287 342 1192 306 345 11.30
Saunkhri (+4.9) (+6.2) (+6.2) (+6.3)
Amritsar 225 08 37 265 336 1266 279 340 1220 280 340 1216 30.0 342 1142
(+4.0) (+5.4) (+5.4) (+5.5)
Ludhiana 233 09 40 273 345 1262 287 342 1194 287 341 1189 306 346 11.30
(+4.0) (+5.4) (+5.4) (+5.4)
Patiala 239 06 23 273 334 1225 286 325 1136 286 3.26 11.39 304 3.29 10.84
(+3.4) (+4.7) (+4.7) (+4.7)
Bathinda 23.9 07 31 274 347 1269 287 344 1199 288 342 1190 30.7 3.33 10.85
(+3.5) (+4.8) (+4.8) (+4.9)
Abohar 240 17 70 278 368 1325 291 363 1246 292 359 1231 312 349 1117
(+3.8) (+5.1) (+5.1) (+5.2)
Faridkot 26.7 17 64 272 352 1294 285 351 1231 286 350 1224 306 344 11.27
(+0.5) (+1.8) (+1.8) (+1.9)
Rabi
Ballowal 100 08 80 114 6.14 5405 128 594 4630 127 6.04 4757 148 578 39.1
Saunkhri (+1.4) (+2.8) (+2.7) (+4.8)
Amritsar 8.4 07 85 104 6.09 5845 119 588 4946 118 598 50.88 139 569 411
(+2.0) (+35) (+3.4) (+5.5)
Ludhiana 100 09 89 114 6.12 5356 129 592 4595 128 6.01 4722 148 575 389
(+1.4) (+2.9) (+2.8) (+4.8)
Patiala 111 06 51 122 599 4899 137 579 4234 135 587 4346 155 5.69 36.8
(+1.1) (+2.6) (+2.4) (+4.4)
Bathinda 9.9 08 82 111 615 5518 128 593 4643 127 6.03 4773 150 571 383
(+1.2) (+2.9) (+2.8) (+5.1)
Abohar 110 17 156 110 6.22 5637 127 596 4691 126 6.06 4820 150 572 382
(+0.0) (+1.7) (+1.6) (+4.0)
Faridkot 137 22 162 111 6.13 5528 127 591 46.62 126 6.01 4795 148 569 385
(-2.6) (-1.0) (-1.1) (+1.1)

* Figures in the parenthesis denote deviation from the baseline value
**Baseline period for Ballowal Saunkhri (1984-2015), for Ludhiana, Amritsar, Patiala (1970-2015) and for Bathinda (1977-2015),
Faridkot: (2000-2015), Abohar: (2004-2015)
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TABLE 6
Annual and seasonal variations in rainfall (mm) at different locations during mid-century (2020-2049)
as simulated by CSIRO-Mk 3-6-0 model
Season and Baseline period RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5
location total S.D. C.V. Total Mean S.D. CV. Total Mean S.D. C.V. Total Mean S.D. C.V. Total Mean S.D. C.V.
(mm) (°C) (%) (mm) (°C) (°C) (%) (mm) (°C) (°C) (%) (mm) (°C) (°C) (%) (mm) (°C) (°C) (%)
Annual
Ballowal 1049.0 292.2 27.9 547.7 150 5.70 382.3 527.0 1.40 5.50 380.7 495.3 1.40 5.10 374.7 5349 150 5.50 3735
Saunkhri (-501) (-522) (-554) (-514)
Amritsar  722.0 198.0 27.4 660.0 1.80 6.70 367.7 673.1 1.80 6.90 374.7 624.9 1.70 580 339.3 5940 1.60 5.60 345.7
(-62) (-49) (-97) (-128)
Ludhiana 759.0 232.4 30.6 628.0 1.70 6.90 398.2 613.5 1.70 6.70 398.6 607.0 1.70 6.80 408.8 626.1 1.70 6.60 385.4
(-131) (-146) (-152) (-133)
Patiala  774.0 286.2 37.0 6052 1.70 6.10 368.7 603.9 1.70 6.20 376.9 587.1 1.60 5.90 3644 626.3 1.70 6.30 367.6
(-169) (-170) (-187) (-148)
Bathinda 517..0 181.2 35.0 4349 120 4.20 355.2 468.1 1.30 4.70 366.1 438.8 1.20 4.30 359.4 4423 120 4.50 368.2
(-82) (-49) (-78) (-75)
Abohar  323.0 1035 32.1 364.3 1.00 3.70 370.4 333.6 0.90 3.40 368.9 363.2 1.00 3.70 368.1 3540 1.00 3.60 369.2
(+41) (+11) (+40) (+31)
Faridkot 468.0 169.8 36.3 400.9 1.10 4.10 3779 4348 1.20 450 378.8 4149 110 4.20 370.1 4154 110 4.30 379.1
(-67) (-33) (-53) (-53)
Kharif
Ballowal 888 279.9 31.5 495.0 2.70 7.80 288.9 4774 260 7.40 286.8 4454 240 6.90 2849 4713 260 7.30 285.1
Saunkhri (-393) (-411) (-443) (-417)
Amritsar 579 1922 33.2 5814 3.20 890 281.1 600.3 3.30 9.30 285.6 534.8 2.90 7.60 262.1 496. 2.70 7.30 2725
(+2) (+21) (-44) (-82)
Ludhiana 634 237.8 37.5 573.7 3.10 9.30 299.5 560.6 3.00 9.10 298.9 550.3 3.00 9.30 309.9 559.5 3.00 8.90 293.5
(-60) (-73) (-84) (-75)
Patiala 649 277.9 42.8 536.7 2.90 8.20 281.2 547.3 3.00 840 283.7 520.8 2.80 7.80 2759 561.5 3.10 8.50 2785
(-112) (-102) (-128) (-88)
Bathinda 427 179.4 42.0 375.6 2.00 5.60 274.1 403.7 2.20 6.20 281.6 370.7 2.00 5.60 280.6 387.1 2.10 5.90 282.9
(-51) (-23) (-56) (-40)
Abohar 262 95.0 36.3 3059 1.70 4.70 281.3 2943 1.60 450 281.7 3149 170 4.80 2823 3108 1.70 4.70 280.4
(+44) (+32) (+53) (+49)
Faridkot 382 134.3 35.1 339.9 1.80 5.50 295.2 388.4 2.10 6.10 289.4 362.1 2.00 5.60 284.2 367.0 2.00 5.80 290.1
(-42) (+6) (-20) (-15)
Rabi
Ballowal 159 853 53.6 524 030 150 507.0 49.9 0.30 140 5228 488 0.30 1.30 4684 63.6 040 1.90 5239
Saunkhri (-107) (-109) (-110) (-95)
Amritsar 144 785 543 784 040 220 4993 725 0.40 200 4875 912 050 250 503.0 983 050 2.60 483.2
(-66) (-72) (-53) (-46)
Ludhiana 126 66.5 52.9 54.1 0.30 150 4994 525 0.30 1.60 5440 564 030 1.60 5025 67.2 040 1.90 516.8
(-72) (-74) (-70) (-59)
Patiala 125 85.7 68.8 67.9 0.40 1.80 490.9 559 0.30 1.50 4941 645 040 1.80 491.0 640 040 1.80 5055
(-57) (-69) (-61) (-61)
Bathinda 90 509 56.5 59.7 030 1.70 513.1 63.9 040 2.00 558.7 675 040 1.90 501.7 554 0.30 1.50 490.7
(-30) (-26) (-23) (-35)
Abohar 68 50.7 751 327 020 0.90 5245 38.7 0.20 1.20 547.2 482 030 140 5385 432 0.20 1.30 531.5
(-35) (-29) (-20) (-25)
Faridkot 87 69.0 789 613 030 190 5488 46.6 0.30 1.20 4632 52.7 0.30 1.60 537.0 488 0.30 1.40 522.3
(-26) (-40) (-34) (-38)

* Figures in the parenthesis denote deviation from the baseline value
**Baseline period for Ballowal Saunkhri (1984-2015), for Ludhiana, Amritsar, Patiala (1970-2015) and for Bathinda (1977-2015),
Faridkot: (2000-2015), Abohar: (2004-2015)
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TABLE7

Annual and seasonal variations in rainfall (mm) at different locations during end-century (2066-2095)
as simulated by CSIRO-Mk 3-6-0 model

Season Baseline period RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5
a”‘_j Total S.D. C.V. Total Mean S.D. C.V. Total Mean S.D. C.V. Total Mean S.D. C.\V. Total Mean S.D. C.V.
location  (mm) (°C) (%) (mm) (°C) (°C) (%) (mm) (°C) (°C) (%) (mm) (°C) (°C) (%) (mm) (°C) (°C) (%)
Annual
Ballowal 1049.0 292.2 27.9 565.4 150 5.90 3825 4953 140 5.10 3749 4822 130 5.00 381.0 439.2 120 4.60 379.8
Saunkhri (-484) (-554) (-567) (-610)
Amritsar 722.0 198.0 27.4 684.8 1.90 7.70 409.8 671.5 1.80 6.60 357.3 653.9 1.80 6.70 372.2 583.3 1.60 5.70 359.3
(-37) (-51) (-68) (-139)
Ludhiana 759.0 232.4 30.6 614.6 1.70 6.70 400.0 630.4 1.70 6.10 354.9 633.6 1.70 6.00 347.8 556.0 1.50 5.50 359.3
(-144) (-129) (-125) (-203)
Patiala 774.0 286.2 37.0 661.8 1.80 6.90 378.0 591.1 1.60 5.90 367.3 602.2 1.60 6.00 365.6 577.1 1.60 5.50 352.7
(-112) (-183) (-172) (-197)
Bathinda 517..0 181.2 35.0 4126 1.10 4.10 361.3 406.0 1.10 4.00 357.4 396.2 110 4.00 368.6 454.8 1.20 4.80 384.6
(-104) (-111) (-121) (-62)
Abohar 323.0 103.5 32.1 331.0 0.90 340 372.3 365.0 1.00 3.80 3815 373.0 1.00 3.80 369.1 347.3 1.00 3.50 365.4
(+8) (+42) (+50) (+24)
Faridkot 468.0 169.8 36.3 383.9 1.10 3.90 373.8 3839 1.10 3.80 364.5 388.7 1.10 3.90 367.7 4649 130 5.00 388.3
(-84) (-84) (-79) (-3)
Kharif
Ballowal 888 279.9 31.5 5089 2.80 8.00 2889 4248 230 6.70 289.7 421.8 230 6.70 293.6 382.1 2.10 6.10 292.2
Saunkhri (-379) (-463) (-466) (-506)
Amritsar 579 192.2 33.2 6129 3.30 104 313.2 559.4 3.00 8.50 281.9 541.0 290 8.80 299.1 516.7 280 7.70 272.5
(+34) (-20) (-38) (-62)
Ludhiana 634 237.8 37.5 548.8 3.00 9.10 306.0 531.6 2.90 7.90 272.7 552.2 3.00 8.00 267.5 4843 2.60 7.10 271.0
(-85) (-102) (-82) (-150)
Patiala 649 2779 42.8 6025 3.30 9.30 283.3 523.7 2.80 8.00 280.4 527.6 2.90 8.00 279.1 494.4 2.70 7.20 270.5
(-47) (-125) (-121) (-155)
Bathinda 427 179.4 42.0 355.2 190 5.40 279.3 359.2 2.00 5.30 272.0 3553 190 5.40 278.7 413.0 2.20 6.50 289.1
(-72) (-68) (-72) (-14)
Abohar 262 95.0 36.3 288.1 1.60 4.50 286.7 319.0 1.70 5.10 293.2 3226 1.80 5.00 2855 301.1 1.60 4.60 279.9
(+26) (+57) (+61) (+39)
Faridkot 382 134.3 35.1 3409 1.90 5.30 2859 338.1 1.80 5.10 2785 335.2 1.80 5.20 283.3 411.8 2.20 6.60 296.1
(-41) (-44) (-47) (+30)
Rabi
Ballowal 159 85.3 53.6 56.2 0.30 1.60 5232 70.0 0.40 220 5589 60.0 0.30 1.80 541.7 57.7 0.30 1.70 545.1
Saunkhri (-103) (-89) (-99) (-101)
Amritsar 144 785 543 719 040 200 506.7 112.2 0.60 3.10 496.7 113.0 0.60 290 469.3 659 0.40 1.90 533.3
(-72) (-32) (-31) (-78)
Ludhiana 126 66.5 529 653 040 1.80 511.2 99.5 050 290 520.7 81.3 040 210 4760 715 0.40 2.50 640.8
(-61) (-27) (-45) (-55)
Patiala 125 85.7 68.8 58.6 0.30 1.70 532.7 67.3 040 1.90 5154 74.6 040 230 5515 835 0.50 2.50 550.4
(-66) (-58) (-50) (-42)
Bathinda 90 509 565 57.7 030 160 5114 475 030 1.30 5108 413 020 120 5126 421 0.20 1.20 521.1
(-32) (-43) (-49) (-48)
Abohar 68 50.7 751 447 0.20 1.30 5216 46.7 030 1.40 5514 50.6 0.30 1.40 508.1 46.8 0.30 1.40 564.2
(-23) (-21) (17) (21)
Faridkot 87 69.0 789 431 0.20 110 468.1 457 030 1.30 5169 53.2 030 1.60 519.0 525 0.30 1.50 510.8
(-44) (-41) (-34) (-35)

* Figures in the parenthesis denote deviation from the baseline value
**Baseline period for Ballowal Saunkhri (1984-2015), for Ludhiana, Amritsar, Patiala (1970-2015) and for Bathinda (1977-2015), Faridkot:
(2000-2015), Abohar: (2004-2015)
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56 mm and 23 to 35 mm at Bathinda; 11 to 41 mm, 32 to
53 mm and 20 to 35 mm increased at Abohar; 33 to 67
mm, 15 to 42 mm and 26 to 40 mm at Faridkot under RCP
2.6, RCP 4.5, RCP 6.0 and RCP 8.5 scenarios.

The value of standard deviation and coefficient of
variation (%) ranges from 5.10 to 5.70 mm and 373.5 to
382.3%, 6.90 to 7.80 mm and 285.1 to 288.9% and 1.30 to
1.90 mm and 468.4 to 523.9% at Ballowal Saunkhri; 5.60
to 6.90 mm and 339.3 to 374.7%, 7.30 to 9.30 mm and
262.1 to 285.6% and 2.20 to 2.60 mm and 483.2 to
499.3% at Amritsar; 6.60 to 6.90 mm and 385.4 to
398.6%, 8.90 to 9.30 mm and 293.5 to 299.5% and 1.50 to
1.90 mm and 499.4 to 516.8% at Ludhiana; 5.90 to 6.30
mm and 364.4 to 376.9%, 7.80 to 8.50 mm and 275.9 to
281.2% and 1.50 to 1.80 mm and 490.9 to 505.5% at
Patiala; 4.20 to 4.70 mm and 355.2 to 368.2%, 5.60 to
6.20 mm and 274.1 to 282.9% and 1.50 to 2.0 mm and
490.7 to 558.7% at Bathinda; 3.40 to 3.70 mm and 368.1
to 370.4%, 4.50 to 4.80 mm and 280.4 to 282.3% and 0.90
to 1.40 mm and 531.5 to 547.2% at Abohar; 4.10 to 4.50
mm and 370.1 to 379.1%, 5.50 to 6.10 mm and 284.2 to
295.2% and 1.20 to 1.90 mm and 463.2 to 548.8% at
Faridkot, respectively.

During end-century (Table 7), at all different
locations of Punjab under study, the RF is predicted to
increase from baseline period in the range from 484 to
610 mm, 379 to 506 mm and 89 to 101 mm at Ballowal
Saunkhri; 37 to 139 mm, 20 to 62 mm and 31 to 78 mm at
Amritsar; 125 to 203 mm, 82 to 105 mm and 27 to 61 mm
at Ludhiana; 112 to 197 mm, 47 to 155 mm and 42 to 66
mm at Patiala; 62 to 121 mm, 14 to 72 mm and 32 to 49
mm at Bathinda; 8 to 50 mm, 26 to 61 mm and 17 to 23
mm increased at Abohar; 3 to 84 mm, 41 to 47 mm and 34
to 44 mm at Faridkot under RCP 2.6, RCP 4.5, RCP 6.0
and RCP 8.5 scenarios.

The value of standard deviation and coefficient of
variation (%) ranges from 4.60 to 5.90 mm and 374.9 to
382.5%, 6.10 to 8.0 mm and 288.9 to 293.6% and 1.60 to
2.20 mm and 523.2 to 545.1% at Ballowal Saunkhri; 5.70
to 7.70 mm and 357.3 to 409.8%, 7.70 to 10.4 mm and
272.5 to 313.2% and 1.90 to 3.10 mm and 469.3 to
533.3% at Amritsar; 5.50 to 6.70 mm and 347.8 to
400.0%, 7.10 to 9.10 mm and 267.5 to 306.0% and 1.80 to
2.90 mm and 476.0 to 640.8% at Ludhiana; 5.50 to 6.90
mm and 352.7 to 378.0%, 7.20 to 9.30 mm and 270.5 to
283.3% and 1.70 to 2.50 mm and 515.4 to 551.4% at
Patiala, 4.10 to 4.80 mm and 357.4 to 384.6%, 5.30 to
6.50 mm and 272.0 to 289.1% and 1.20 to 1.60 mm and
511.4 to 521.1% at Bathinda; 3.40 to 3.80 mm and 365.4
to 381.5%, 4.50 t0 5.10 mm and 279.9 to 273.2% and 1.30
to 1.40 mm and 508.1 to 564.2% increased at Abohar;
364.5 to 388.3 mm and 278.5 to 296.1%, 5.10 to 6.60 mm

and 468.0 to 519.0% and 1.10 to 1.60 mm and 57.60 to
61.60% at Faridkot, respectively.

4, Conclusions

The CSIRO-Mk3-6-0 model projections indicate that
the climate in Punjab may become hotter and drier during
the 21* century. During the mid-century period of 2020-
2049, the annual, kharif and rabi season Tmax is projected
to increase from baseline period between 0 to 1.5 °C, 0.3
to 1.5 °C and 0 to 1.6 °C, respectively; Tmin to increase
from baseline period between 1.1 to 3.1 °C, 0.1 to 4.8 °C
and 0.3 to 1.8 °C, respectively but the rainfall to decrease
from baseline period between 33 to 554 mm, 20 to 443
mm and 20 to 110 mm, respectively. The rate of
temperature increase is higher during the end-century as
compare to mid-century period. Rainfall is also projected
to increase at Abohar (11-41 mm) while it may decline at
Amritsar (49-128 mm), Ballowal Saunkhri (501-554 mm),
Ludhiana (131-152 mm), Patiala (148-187), Bathinda (49-
82 mm) and Faridkot (33-67 mm).

Comparison  of maximum and  minimum
temperatures reveals Tmin increase to be more than that in
Tmax. This implies that the diurnal range in temperature
would decrease which is not favorable for enhancing crop
production. Punjab state economy is not only largely
dependent on agriculture but it also contributes
significantly to rice and wheat reserve pool of the country.
In order to maintain the sustainability of crop production
and food supply, the state has to evolve suitable crop
contingency planning in view of climatic changes.
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