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म तापमान तथा वषार् 
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ɉ म अिधकतम और Ʌ

2.2 ºC, 3.3 से 5.4 ºC  

 62% तथा किष जलृ -
ना है। इन प्राचलɉ के 
िƣ का पता चला है।  ृ  

the 21st century were 
RECIS model (Providing Regional Climates for Impact Studies) for 

and Jalandhar) and 
l and seasonal basis to 

antify the changes in maximum and minimum temperature and rainfall. The study showed that the maximum and 
inimum temperature and rainfall by the end of 21st century are likely to increase by 2.0 to 2.2 °C, 3.3 to 5.4 °C and 33 
66% respectively in agro-climatic zone II; by climatic 
e III and by 0.5 to 4.0 °C, 4.7 to 7.7 °C and tions of 

te c positive 
i

 model, SRES sc ario, A2 

nt 
ty 
osy
the 
stem

demonstrably changed on both global and regional scales 
since the pre-industrial era. Further evidence shows that 
most of the warming (of 0.1 °C per decade) observed over 
the last 50 years, is attributable to human activities 
(Gautam et al., 2013). The Intergovernmental Panel on 
Climate Change (IPCC) projects that the global mean 
temperature may increase between 1.4 and 5.8 degree 
Celsius (°C) by 2100 (Gautam et al., 2013). This 
unprecedented increase is expected to have severe impacts 

systems, sea level, 
 The impact would 
reas, which mainly 
ng India. 

served at global, 
007; IPCC, 2014; 

Fitzpatrick et al., 2008) and is simulated to impact 
precipitation and temperature patterns to varying degrees 
in different parts of the world (Root et al., 2005; William 
et al., 2007). Differences in both the seasonal distribution 
and annual total accumulations of precipitation, or mean 
monthly temperature patterns and variation may impact 
the local and regional environment, and the welfare of 
both humans and biodiversity within that environment. 
Changes in temperature could yield similarly disruptive 
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सार – इस अÚ ययन म पंजाब के िविभÛ नɅ  किष जलवायिवकृ  जोनɉ के्षत्रɉ जैसे  जोन II (बलोव
(लिधयानाु , अमतसरृ , पिटयाला और जालंधर) और जोन V (भिटडंा) के िलए 21वीं  शताÞ दी के िलए
जलवायिवक आकंड़ɉ (तापमान और वषार्) को प्रादेिशक जलवाय मॉडल नामतु : PRECIS मॉडल (इà पै
प्रादेिशक जलवाय उपलÞ धु  कराना) का उपयोग करके डाउनè केल िकय गया। अिधकतम और Û यूनत
का िनधार्रण करने के िलए वािषर्क और मौसमी आघार पर संशोिधत अनकारी आकंड़ो को पनु ु : िव
अÚ ययन से पता चला िक जलवाय पिरवतर्न के िविभÛ नु  पिरǺæ यɉ म पंजाब राÏ यɅ  के िविभÛ न è थान
Û यूनतम तापमान तथा वषार् 21 वीं शताÞ दी के अंत तक किष जलवायिवकृ  जोन II म क्रमशɅ : 2.0 से 
और 33 से 66% तक; किषृ  जलवायिवक जोन III म क्रमश Ʌ 0.4 से 5.8 ºC, 2.5 से 7.4 ºC  और 3 से
वायिवक जोन V म क्रमश Ʌ 0.5 से 4.0 ºC, 4.7 से 7.7 ºC  और 58 से 69% तक विÙव होने की संभावृ
प्रविƣ िवæ लेृ षण से पंजाब राÏ य म िविभÛ नɅ  पिरǺæ यɉ के अंतगर्त सकारा× मक रैिखक विÙव  की प्रवृ

 
ABSTRACT. In this study,the future simulated climatic data (temperature and rainfall) for 

downscaled using the regional climate model, viz., P
different agro-climatic zones, i.e., Zone II (Ballowal Saunkhri), Zone III (Ludhiana, Amritsar, Patiala 
Zone V (Bathinda) of Punjab. The corrected simulated data were then analyzed on the annua
qu
m
to 
zon

 0.4 to 5.8 °C, 2.5 to 7.4 °C and 3 to 62% respectively in agro-
58 to 69% respectively in agro-climatic zone V at different loca

Punjab state under various scenarios of clima hange. The trend analysis of these parameters revealed there is 
linear increasing trend under different scenarios n the Punjab state. 
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1.  Introduction 
 
 Climate change is one of the most importa
environmental challenges facing humani
implications for food production, natural ec
freshwater supply, health, etc. According to 
scientific assessment, the earth’s climate sy

enarios, A1B scen scenario, B2 scenario, Punjab. 

global 
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on the global hydrological system, eco
crop production and related processes.
be particularly severe in the tropical a
consist of developing countries, includi
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eveloping 

n a global scale is not onl
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the 

scenarios A2 and B2. Krishnakumar et al. (2011) also 
used PRECIS model for India for the period          1961-
2098 using SRES scenario A1B.  
 

In the present study, the outputs for IPCC SRES 
scenarios, i.e., A1B, A2 and B2 in Punjab state were 
analyzed. The regional scale analyses are necessary to 
identify the range of changes that may occur in different 
areas with respect to temperature and precipitation. Also, 

 studies have been 
the literature 

Therefore we 
changes in the 

outputs from the 
ECIS model for precipitation and temperature for mid 

21st century for the different zones of 
 

higher 

o main 
luence 
canic 

pensive for climate change simulations, but al
from errors due to inadequate representation of 
processes worldwide. Rupakumar et al. (2006) 
the regional climate of India by using PRECI
baseline 1961-1990 as well as 2071-2100 under 

while multiple climate change-related
performed at the global and national scale, 
for the regional scale is more limited. 
planned to analyze the simulated 
temperature and precipitation using 
PR

mperatures (Sheffield and Wood, 2008). 
 
 The climate change uncertainties are due to 
reasons, firstly the future factors that may 
climate such as emissions of greenhouse gases,
eruptions, and changing solar activity are unce
secondly the knowledge of how strongly the
system responds to external influences, pa
increases in greenhouse gases, is incomplete. Th
considerable uncertainty about the rates of change
be expected, but it is clear that these change
increasingly manifested in important and tangi
such as changes in extremes of temperature
precipitation, decreases in seasonal and perenn
and ice extent, and sea level rise (Karl and Tre
2003). IPCC has given different scenarios in it
Report on Emissions Scenarios (SRES) (Na
et al., 2006). The A1B scenario describes a fut
of very rapid economic growth, global popula
peaks in mid-century and declines thereafter and
introduction of new and more efficient tech
There would be the balanced use of all the fossil
fossil energy resources. The A2 scenario describ
heterogeneous world with continuously increasi
population. Economic development is primarily r
oriented and per capita economic growt
technological changes are more fragmented an
than in other scenarios. The B2 scenario describe
in which the emphasis is on local solutions to ec
social, 
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2. Materials and method 
 

ntinuously increasing global population at a r
than A2, intermediate levels of economic dev
and less rapid and more diverse technological ch
scenario is also oriented toward environmental p
and social equity and it focuses on local and
levels. 
 
 Researchers have applied GCM outputs 
potential climate impacts in a variety of areas. D
high resolution models o y 

suffers 
limate 
ulated 
or the 
SRES 

calculating their respective annual lin
was then regressed against time to obt
coefficients.  The F values (observed) 
using the formula as given below: 
 

 30 years (1970-
perature and 

Saunkhri 
ar (31° 31′ 56″ N,   
 N, 75° 34′ 25″ E), 
 30″ E ), Patiala          
 ) and Bathinda                 
er different agro-
seline (1961-1990) 
data for different 
 downscaled using 
ates for Impact 

ne. The daily data 
 temperature and 

990) and simulated 
ry (2021-2050) and 
r the end of 21st 
ed using PRECIS 

odeled data were 
ethod correction 

 modeled data and 
r the mid and end 
ection factor. Then 
ta was analyzed on 

and rabi season 
basis to quantify the changes in 

maximum temperature (°C), minimum temperature (°C) 
and rainfall (mm) from the baseline period. The trend 
analysis of the baseline and simulated data were done by 

ear average which 
ain their regression 

were calculated 

The daily climatic data for the past 
1990) on maximum and minimum tem
rainfall  were used in this study for Ballowal 
(31° 6′ 5″ N, 76° 23′ 26″ E ), Amrits
74° 52′ 25″ E), Jalandhar (31° 31′ 50″
Ludhiana, (30° 75′ 48″ N, 75° 48′
(30° 19′ 38″ N, 76° 24′ 00″ E
(30° 12′ 32″ N, 74° 57′ 09″ E) und
climatic regions of Punjab state. The ba
and simulated (2021-2100) climatic 
agro-climatic region of the Punjab was
PRECIS (Providing Regional Clim
Studies) model prepared by IITM, Pu
for maximum temperature, minimum
rainfall for the baseline period (1961-1
data under A1B scenario for mid centu
under A1B, A2 and B2 scenarios fo
century (2071-2100) were downscal
model. Thereafter the biases in the m
minimized by applying different m
functions developed from observed and
further the simulated weather data fo
century was corrected by applying corr
the corrected futuristic daily weather da
annual, kharif season (May-October), 
(November-April) 

2

2

p

pn 1
 

1 R

R
F




 
where, R2 is regression coefficient, n is number of 

observations, p is the number of independent variable 
whose value for linear regression is one. This calculated 
value of F was compared with tabulated value of                
F (p, n-p-1) at 1% level of significance to test the 
significance of the regression coefficient. 
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Fig. 1.  PRECIS-model simulated ch
Stat

 The annual and seasonal maximum temperat

The trend analysis of maximum temperature revealed that 
by the end of 21st century, the maximum temperature has 
been predicted to increase at the rate of 0.03 to 0.05 
°C/year under AIB and A2 scenarios and 0.01 to 0.03 
°C/year under B2 scenario at all the locations under 
different agro-climatic regions of Punjab state (Fig. 1). 
 
 The maximum temperature is expected to increase 
during the mid century in all the zones under study             

the Zone II, the 
emperature may 

 A1B scenario) as 
hereas, there is no 

the rabi season. 
annual maximum 

erature may increase by the 2.2 °C and 2.0 °C under 
the A1B and A2 scenario, respectively; however, it is 
expected to decrease by 0.1 °C during the end of the      
21st century under B2 scenario. The kharif maximum 
temperature may increase by 1.8 °C under A1B scenario, 
whereas, for A2 and B2 scenario, it is expected to 
decrease by 0.3 and 1.7 °C, respectively. The rabi season 
maximum temperature is expected to increase by 1.4 to 
4.3 °C during the end of century under different climate 
change scenarios. 

anges in maximum temperature under different scenarios of 
e. Significant at 1% level of significance 

ure at 
different locations of Punjab during the baseline period, 
mid and end 21st century have been presented in Table 1. 

except Zone II (Ballowal Saunkhri). In 
annual and kharif season maximum t
decrease by 0.4 and 0.9 °C (under the
compared to the baseline temperature, w
change in the maximum temperature for 
By the end of the century, the 
temp

climate change in Punjab 

 
 
 
3. Results and discussion 
 

3.1  Changes in maximum temperature  
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TABLE 1 
 

PRECIS model simulated changes in maxim  temperature for the mid and end century for different scenarios and  
om baseline

 

End century (2071-2100) 

um
their deviation fr  period in Punjab 

Mid century (2021-2050) 
Time period Baseline perio

A1B A1B B2 

ne II North-ea  (Ballowa khri) 

d  
 A2 

Zo stern zone l Saun

Annual 29.7 29.3 

(-0.4)* 

31.9 

(+2.2) 

31.7 29.6 

(+2.0) (-0.1) 

Kharif 34.0 33.1 35.

(+1.8) (-0.3) 

32.3 

(-1.7) (-0.9) 

8 33.7 

Rabi 25.3 25.3 

(0.0) 

27.9 

(+2.6) 

29.6 26.7 

(+4.3) (+1.4) 

Zone III Central plain zon

itsar 

e  

Amr

Annual 30.4 30.7 

(+0.3) 

33.7 

(+3.3) 

33.2 

(+2.8) 

30.8 

(+0.4) 

35.7 

(0.0) 

39.1 

(+3.

36. 34.5 

(-1.2) 

Kharif 35.7 

4) 

3 

(+0.6) 

Rabi 25.0 25.5 

(+0.5) 

28.3 

(+3.3) 

30.0 

(+5.0) 

27.0 

(+2.0) 

dhar  Jalan

Annual 29.8 32.2 

(+2.4) 

35.1 

(+5.3) 

34.7 32.6 

(+  4.9) (+2.8) 

35.0 38.8 

(+3.8) 

41.

(+6.8 (

37.9 

(+2.9) 

Kharif 8 

) 

39.4 

+4.4) 

Rabi 24.6 25.5 

(+0.9) 

28.3 

(+3.7) 

30.1 27.0 

(+5.5) (+2.4) 

iana  Ludh

Annual 29.8 32.7 

(+2.9)* 

35.6 

(+5.8) 

35.2 

(+5.4) 

32.9 

(+3.1) 

arif 35.1 

 

37.3 

(+2.2) 

40.4

(+5.

36.4 

(+1.3) 

Kh  

3) 

38.0 

(+2.9) 

Rabi 24.5 28.0 

(+3.5) 

30.9 

(+6.4) 

32.4 

(+7.9) 

29.3 

(+4.8) 

 Patiala 

Annual 30.1 32.5 

(+2.4) 

35.3 

(+5.2) 

35.0 32.8 

(+4.9) (+2.7) 

Kharif 34.9 38.1 

(+3.2) 

40.

(+5.9 (+

37.5 

(+2.6) 

8 

) 

38.8 

3.9) 

Rabi 25.2 26.8 

(+1.6) 

29.6 

(+4.4) 

31.1 28.0 

(+5.9) (+2.8) 

Zone V South-western zone (Bathinda) 

Annual 31.7 

 

32.6 

(+0.9) 

35.7 

(+4.0) 

34.4 32.2 

(+2.7) (+0.5) 

Kharif 37.2 37.2 

(0.0) 

40.6 

(+3.4) 

37.1 

(-0.1) 

35.4 

(-1.8) 

Rabi 26.1 27.7 

(+1.6) 

30.7 

(+4.6) 

31.8 28.8 

(+5.7) (+2.7) 
 

        * Figures in the parenthesis denote deviation from the baseline value  
         **Baseline period for Ballowal Saunkhri 1984-90, for Amritsar, Jalandhar, Ludhiana and Patiala (1971-90) and for Bathinda (1977-90) 
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Fig. 2.  PRECIS - model simulat

climate change in Punjab 
 

 
All the districts in the Zone III, i.e., cen

zone are predicted to have an increase in m
temperature during mid and end of the 21st c
compared to the baseline period. The deviatio
maximum temperature from the baseline would
in Amritsar district 

ed c
state

tra
ax

ent
n 

 be low
as compared to other districts 

C ral plain zone. The deviation in maximu

be
3.3 °C, -1.2 to 3.4 °C and 2.0 to 5.0 °C, respectively for 
Amritsar, 2.8 to 5.3 °C, 2.9 to 6.8 °C and 2.4 to 3.7 °C, 
respectively for Jalandhar; 3.1 to 5.8 °C, 1.3 to 5.3 °C and 
4.8 to 7.9 °C, respectively for Ludhiana and 2.7 to 5.2 °C, 
2.6 to 5.9 °C and 2.8 to 5.9 °C, respectively for Patiala 
under different scenarios. 

 
 The temperature data for south western zone         
(Zone V) also shows warming trends. The PRECIS model 

nd 1.6 °C annually 
 A1B scenario for 

line. By end of           
scenarios, the deviation in 

 the baseline on annual, kharif 
and rabi basis is expected to be 4.4 to 7.7 °C, 6.1 to 9.6 °C 

Bathinda. A mean 
under B2 and A2 

’s was reported by 
Rupakumar et al. (2006).  Similarly, a warming of 3.5-   
4.3 °C over the same period for A1B scenario has been 
reported by Krishankumar et al. (2011).  
 

3.2  Changes in minimum temperature  
  
 The annual and seasonal minimum temperature at 
different locations of Punjab during the baseline period, 
mid and end 21st century have been presented in Table 2.  

hanges in minimum temperature under different scenarios of 
. Significant at 1% level of significance 

l plain 
imum 

ury as 
n the 

temperature from the baseline on annual, kharif an
basis by the end of 21st  century is expected to 

projects a temperature rise of 0.9 °C a
and rabi season, respectively, under the
2020-2050s compared to the base
21st  century, under different i

er maximum temperature from
in the 

ent m 
d rabi 
 0.4 to 

and 3.3 to 5.7 °C, respectively for 
temperature rise of 2.9-4.1 °C for India 
scenario in 2080’s relative to 1970
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TABLE 2 
 

PRECIS model simulated changes in minim  temperature for the mid and end century for different scenarios and  
tion from baseline

End century (2071-2100) 

um
their devia  period in Punjab 

 

Mid century (2021-2050) 
Time period Baseline peri

A1B A1B

North-east  (Ballowal Saunkhri) 

od 
 A2 B2 

Zone II ern zone

Annual 16.7 
19.6 

(+2.9)* 

22.1 

(+5.4) 

21.6 20.0 

(+4.9) (+3.3) 

Kharif 22.8 
26.8 29.

(+6.5) (+5.5) 

27.1 

(+4.3) (+4.0) 

3 28.3 

Rabi 10.6 
12.3 

(+1.7) 

14.8 

(+4.2) 

14.8 12.8 

(+4.2) (+2.2) 

Zone III Central plain zon

sar 

e  

Amrit

Annual 15.4 
19.9 

(+4.5) 

22.6 

(+7.2) 

21.7 

(+6.3) 

19.9 

(+4.5) 

22.3 
(+6.7) 

31.9 

(+9.

30. 29.9 

(+7.6) 
Kharif 

29.0 

6) 

6 

(+8.3) 

Rabi 8.3 
10.7 

(+2.4) 

13.1 

(+4.8) 

12.6 

(+4.3) 

10.5 

(+2.2) 

Jalandhar  

Annual 
16.0 18.6 

(+2.6) 

21.1 

(+5.1) 

20.6 19.0 

(+  4.6) (+3.0) 

Kharif 
22.8 25.3 

(+2.5) 

27.

(+5. (

25.5 

(+2.7) 

9 

1) 

26.8 

+4.0) 

Rabi 
9.0 11.8 

(+2.8) 

14.3 

(+5.3) 

14.3 12.3 

(+5.3) (+3.3) 

ana  Ludhi

Annual 16.0 
20.9 

(+4.9)* 

23.4 

(+7.4) 

22.5 

(+6.5) 

21.0 

(+5.0) 

arif 22.6 
30.0 

(+7.4) 

32.7

(+10

30.2 

(+7.6) 
Kh

 

.1) 

31.6 

(+9.0) 

Rabi 9.3 
11.6 

(+2.3) 

14.0 

(+4.7) 

13.4 

(+4.1) 

11.6 

(+2.3) 

 Patiala 

Annual 
17.3 19.6 

(+2.3) 

22.1 

(+4.8) 

21.3 19.8 

(+4.0) (+2.5) 

Kharif 
23.6 25.9 

(+2.3) 

28.

(+4. (

26.2 

(+2.6) 

4 

8) 

27.3 

+3.7) 

Rabi 
10.9 13.2 

(+2.3) 

15.7 

(+4.8) 

15.2 13.4 

(+4.3) (+2.5) 

Zone V South-western zone (Bathinda) 

Annual 16.7 
21.5 

(+4.8) 

24.4 

(+7.7) 

23.0 21.4 

(+6.3) (+4.4) 

Kharif 23.8 
30.3 

(+6.5) 

33.4 

(+9.6) 

31.3 

(+7.5) 

29.9 

(+6.1) 

Rabi 9.5 
12.6 

(+3.1) 

15.2 

(+5.7) 

14.6 12.8 

(+5.1) (+3.3) 
    
*Figures in the parenthesis denote deviation from the baseline value 
**Baseline period for Ballowal Saunkhri 1984-90, for Amritsar, Jalandhar, Ludhiana and Patiala (1971-90) and for Bathinda (1977-90) 
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TABLE 3 
 

PRECIS model simulated changes in rainfall for the mid and end century for different scenarios and  
tion from baseline

 
End century (2071-2100) 

their devia  period in Punjab 

Mid century (2021-2050)
Time period Baseline (1961-

A1B A1 B2 

North-eas one (Ballowa khri) 

1990) 
B A2 

Zone II tern z lSaun

Annual 1173 
1601 

(+429)* 

1950 

(+777) 

1621 1627 

(+  449) (+454) 

Kharif 1004 
1371 169

(+685) (+513) 

1488 

(+483) (+367) 

0 1518 

Rabi 169 
233 

(+64) 

254 

(+85) 

105 142 

(-64) (-27) 

Zone III Central plain zon

tsar 

e  

Amri

Annual 743 
1050 

(+307) 

1079 

(+336) 

1041 1056 

(+298) (+313) 

590 
(+282) 

892 

(+30

979 965 

(+375) 
Kharif 

872 

2) (+389) 

Rabi 154 
180 

(+26) 

180 

(+26) 

63 

(-91) 

93 

(-60) 

dhar  Jalan

Annual 771 
819 

(+48) 

983 

(+212) 

794 882 

(+23) (+111) 

Kharif 615 
563 

(-52) 

70

(+92) (

704 

(+89) 

7 

 

651 

+36) 

Rabi 158 
258 

(+100) 

270 

(+112) 

143 180 

(-15) (+22) 

iana  Ludh

Annual 
741 

1075 

(+334)* 

1204 

(+463) 

1066 

(+325) 

1131 

(+390) 

arif 
614 

912 

(+298) 

1027

(+4

1035 

(+421) 
Kh

 

13) 

995 

(+381) 

Rabi 
128 

165 

(+37) 

172 

(+44) 

72 

(-56) 

98 

(-30) 

 Patiala 

Annual 
778 1000 

(+222) 

1245 

(+467) 

953 997 

(+  175) (+219) 

Kharif 
646 783 

(+137) 

100

(+361) (+  

840 

(+194) 

7 

 

832 

186)

Rabi 
138 219 

(+81) 

233 

(+95) 

122 158 

(-16) (+20) 

Zone V South-western zone (Bathinda) 

Annual 560 
860 

(+300) 

882 

(+322) 

903 949 

(+343) (+389) 

Kharif 457 
737 

(+281) 

761 

(+304) 

849 

(+393) 

878 

(+421) 

Rabi 104 
124 

(+20) 

119 

(+15) 

54 73 

(-50) (-31) 
       
* Figures in the parenthesis denote deviation from the baseline value 
**Baseline period for Ballowal Saunkhri 1984-90, for Amritsar, Jalandhar, Ludhiana and Patiala (1971-90) and for Bathinda (1977-90) 
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For Amritsar, the extreme rainfall events with ≥30% 
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scenario; whereas year 2090 with 37% more rainfall than 
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about 36% less rainfall, and the years 2081, 2086 and 
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