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AR - 8 MY T FT 35T U9 & A=l Ranfeam aeedr  dtaa & RiffeT At SR argar=, aot, aui s
T, qu % wet, aredieor, AT MéEaT 3R U= & Ereienifern ST BT HEAIT BT ¥ Torwrer Rranfers
e &1 afafafica i arer 8T 3rgEYTe & aeitarel SiEd & PR FFa faerer usmmer & wersrer 35 auf &
& Flaa Ser @ suAET W% (S-racEr), W (FEa-ante), T (SHEd-mad), AR qd (A-E),
AT (SIA-RIdaR) 3R AR (3reeer-feder) ugh fador & fore forar arr ) Y& aamsror fafy @
sater afer af ufacdsr & aftaror 3R 36 fordiRor 3 I[uTie 1 3T o & fore fomam T &, forads wifeadha
Fgca Y Sire F-oQeToTgRT Y IS | ATien 31T AU, Gae 3R MM P Arafars s # iy g ¥ saip 5w
&7 3 a9, aredieor, U & 6 3R gas A ATy 3F Hrhr HaA 31 ¥ | TS FYeaH ITUH AR S are= Hr
3af 3 IS FATcaqET TREd A& &@/T I &1 T, ST I’ RHIR @Y Disa) A 3Rwaa qase 7
Seol@-AT g g8, STafeh Hrad, A 3R 31erear & TorT AR ~YeATH AUA 3 Sea@ea gie g6 IR 57 # Haht
35| wfét & FAtaer B Sizat @l Atast 3 sfiEwas auAe 7 seaae gfe g8, St @ iv AR AT
R H Hael ATH AUAT & Sea@a13 Iig §5| 59 877 H redieior, Yu & e AR ua=t $r 1y 3 off halt 3
3R AR 3gar i rdr Fwa 3$| Fraeh Riarfos aoed # wliw, Alage 3R Alager F T Hr aut #
SeaEET AT ST S| Ift 3w &1F 3 g Riars grransit @ srma &, safere aut F Hair iR = Atwa
YTrelt 3 TSl T $H &1 Y P T I THTE TSI, ST Serarg il P drnfAfhat s i wee Hr
HETHATR |

ABSTRACT. This paper aims to study the long-term trends in different weather parameters, i.e., temperature,
rainfall, rainy days, sunshine hours, evaporation, relative humidity and temperature over Lower Shivalik foothills of
Punjab. The daily weather data of about 35 years from agrometeorological observatory of Regional Research Station
Ballowal Saunkhri representing Lower Shivalik foothills had been used for trend analysis for kharif (May - October), rabi
(November - April), winter (January - February), pre-monsoon (March - May), monsoon (June - September) and post
monsoon (October - December) season. The linear regression method has been used to estimate the magnitude of change
per year and its coefficient of determination, whose statistical significance was checked by the F test. The annual
maximum temperature, morning and evening relative humidity has increased whereas rainfall, evaporation sunshine
hours and wind speed has decreased significantly at this region. No significant change in annual minimum temperature
and diurnal range has been observed. Monthly maximum temperature revealed significant increase except January, June
and December, whereas, monthly minimum temperature increased significantly for February, March and October and
decreased for June. Among different seasons, maximum temperature increased significantly for all seasons except winter
season, whereas, minimum temperature increased significantly for kharif and post monsoon season only. The
evaporation, sunshine hours and wind speed have also decreased and relative humidity decreased significantly at this
region. Significant reduction in kharif, monsoon and post monsoon rainfall has been observed at Lower Shivalik foothills.
As the region lacks assured irrigation facilities so decreasing rainfall and change in the other weather parameters will
have profound effects on the agriculture in this region so there is need to develop climate resilient agricultural
technologies.
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1. Introduction atmosphere as compared to preindustrial period due to the
human interferences (Dlugokencky et al., 2015). The

The weather at global scale is being affected due to radiative forcing due to these gases causes warming which
rapidly rising concentration of greenhouse gases in results in more weather variability and extreme weather
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[ | Ballowal Saunkhri (SBS Nagar)

Kandi region of Punjab

Fig. 1. Location of study area in lower Shivalik foothills of Punjab

event. The climate projections keeping in mind different
scenarios have been made at global and regional scales.
Several studies on climate projections indicate increase in
recurrence and severity of heat/cold waves, drought/floods
during throughout this century which will affect humans,
animals, plants etc significantly (IPCC, 2014). The
changing climate can be quantified by thorough long-term
studies by analysing weather data such as rainfall,
temperature etc. As agriculture is most vulnerable sector
to the climate change, many studies focus on evaluation
relation between climate change and crop production. To
study the climate change effects on crop production,
climate variability analysis is also needed. Besides the
direct impact of changes in weather parameters on the
crop production, it also affects the water availability and
runoff directly (Liu and Allan, 2013). The indirect effect on
crop production includes by its effect on evapotranspiration.
One of the best ways of understanding how climate may
change in future is to examine how it has changed in the
past based upon long-term observational records. The
impact of climate change on agriculture varies region-
wise, i.e., in rainfed and irrigated area depending on the
availability of water. The rainfed areas are more prone to
climate effects than irrigated due to dependence of their
agriculture entirely on rainfall. Keeping this in mind, an
effort has been made to investigate the trends of different
weather parameters for Lower Shivalik foothills of Punjab.
The Lower Shivalik foothills cover approximately 10.0%
in the North Eastern Region of Punjab and parts of five
districts, i.e., Pathankot, Hoshiarpur, SBS Nagar,
Rupnagar and SAS Nagar constitute this region. The
agriculture in this region is mostly dependent on rainfall,

the trend of which along with other weather parameters
has been changing. The analysis of recent changes in
weather parameters on annual, seasonal and decadal basis
is of great value for detection of their impacts on
ecosystem. Some studies on weather variability have been
done in the region (Prabhjyot-Kaur et al., 2016 and Kaur
and Kaur, 2015) which observed change in the annual, -
kharif and rabi rainfall and increase in maximum
temperature in Lower Shivalik foothills. As this region is
highly dependent on rainfall, therefore, the analysis of
recent trends for this region will be helpful in adopting
new technologies for agriculture, forestry, animals etc.
Therefore, this study has been done with the aim to analyse
annual, monthly and seasonal changes in weather parameters
(maximum and minimum temperature, rainfall, evaporation,
relative humidity, sunshine hours, wind speed) and their
trends for Lower Shivalik foothills of Punjab.

2. Data and methodology

The daily meteorological data (1984-2019) for the
different weather parameters was recorded at the
agrometeorological observatory of the Regional Research
station, Ballowal Saunkhri which represents the kandi
region of Punjab. Climate variability analysis of the kandi
region of Punjab state was carried out by analysing daily
historical data of different meteorological parameters
(maximum temperature, minimum temperature, rainfall,
rainy days, sunshine hours, wind speed, relative humidity)
for about 35 years on annual, monthly and seasonal basis
(Ballowal Saunkhri : 31° 60' N, 76° 23' E, 296m) (Fig. 1).
The annual data was divided in to different seasons, i.e.,
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kharif (May-October), rabi (November-April), winter
(January-February), pre-monsoon (March-May), monsoon
(June-September) and post monsoon (October-December).
The annual, monthly and seasonal data was analyzed using
the linear regression method by checking the coefficient of
determination for its significance using the F test at 1 and
5% level of significance.

3. Results and discussion
3.1. Monthly and seasonal variability trends

The results from the regression analysis indicate that
different weather parameters have positive as well as
negative trends during different time period of the year.
These results have been shown as:

3.1.1. Maximum temperature

The temperature of a given region varies depending
on the latitude, longitude, altitude, season etc. of a region
and these natural variations in the atmosphere are
necessary for keeping the earth warm. But human
interferences induced greenhouse gases emission have
resulted in increasing temperature, the rate of change of
which can be known by trend analysis. The slope and
regression equations for annual, monthly and seasonal
maximum, minimum and diurnal temperature have been
shown in Table 1. The normal annual, monthly, kharif,
rabi, winter, pre-monsoon, monsoon and post-monsoon
maximum temperature of Lower Shivalik foothills is 30.0,
19.1 to 38.6, 34.4, 24.3, 20.9, 33.8, 34.1 and 26.7 °C,
respectively. The results of this study indicate that
maximum temperature has increased significantly at this
region over the last 35 years (Table 1). The annual
maximum temperature in Lower Shivalik foothills has
increased significantly by 0.03 °C per year which means
that a rise of about 1 °C has already occurred in the annual
temperature over last 35 years. Whereas, Prabhjyot-Kaur
et al. (2013) observed the significant increase in minimum
temperature and no-significant changes in maximum
temperature over six locations of Punjab under study.

The analysis of data on monthly basis shows that the
maximum temperature has increasing monthly trend
except January and June. The increasing trend in
maximum temperature is significant for all the months
except December. The maximum temperature during these
months has increased significantly by 0.02 to 0.05 °C per
year (0.7 to 1.75 °C over 35 years). The lowest increase
has been observed for December (0.02 °C per year), while
the highest increase for the March, April and October
(0.05 °C per year). The analysis shows a decreasing trend
for January and June month but this change is significant
only for January month (0.04 °C per year which

corresponds to 1.4 °C over last 35 years). The higher
temperature affects the growth, water and nutrient uptake,
pollen development, grain formation by affecting water
requirement. The variations in average growing-season
temperatures of +2 °C in the main wheat growing areas
can cause decline in grain yield by 50% which can be
attributed to increased leaf senescence due to higher
temperatures >34 °C (Asseng et al., 2011). Due to projections
of increasing heat events. The global food security could
also be under threat due to projections of increasing
average temperatures and the frequency of heat events.

The seasonal analysis of maximum temperature
shows significant increase in annual, kharif, rabi, pre
monsoon, monsoon and post monsoon maximum
temperature by 0.03, 0.04, 0.03, 0.05, 0.02 and 0.03 °C
per year, respectively; and 1.05, 1.4, 1.05, 1.75, 0.7 and
1.05 °C, respectively, over the 35 years period as shown
by slope of regression equations and coefficient of
determination (Table 1). The winter season has shown
decreasing trend in maximum temperature which is not
significant in this region. Kothyari and Singh (1996) also
observed increase in the annual maximum temperature
over the Ganga basin. Kingra et al. (2018) observed the
large fluctuations i.e., no significant variability trend in
maximum temperature and rainfall patterns while
significant increase in minimum temperature during rice
growing period under different decades in North-East,
Central and South-west regions.

3.1.2. Minimum temperature

The minimum temperature affects yield of crops by
affecting respiration rate of plants. The normal minimum
temperature at Ballowal Saunkhri ranges between 5.3 to
25.1 °C for different months. The analysis of the
minimum temperature over the 35 years period suggests
that annual minimum temperature has increased at Lower
Shivalik foothills of Punjab, but this change is not
significant. The analysis on monthly basis shows
increasing trends for different months of year except
January and June. The increasing trends are significant
only for the months February (0.03 °C per year), March
(0.03 °C per year) and October (0.05 °C per year),
whereas decreasing trends are significant for only June
month (0.02 °C per year). It means significant increase in
minimum temperature for March and October months
over past three and half decades is 1.05 to 1.75 °C, while
significant decrease is 0.7 °C for June.

The all seasons show increasing trends, but the
increase is significant only for kharif (0.01 °C per
year)and post monsoon (0.02 °C per year) seasons
(Table 1). It means that kharif and post monsoon season
minimum temperature has increased about 0.35 and 0.7 °C
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TABLE 1

Trend analysis of temperature for different time period of the year (1984-2019)

Maximum temperature (1984-2019)

Minimum temperature (1984-2019)

Diurnal temperature (1984-2019)

Month/Season Normal Equation R2 Normal Equation R2 Normal Equation R2
January 19.1 Y =-0.04X+19.8 0.23* 53 Y =-0.002X +5.4 0.001 13.8 Y =-0.04X + 14.5 0.14**
February 228 Y =0.03X+224 0.16** 82 Y=0.03X+76 0.14** 14.6 Y =-0.002X + 14.7 0.001

March 281 Y =0.05X+27.0 0.17** 125 Y=003X+11.8 0.12** 15.6 Y =0.02X + 15.2 0.03
April 347 Y =0.05X+339 0.12** 177 Y=0.02X+172 0.05 17.1 Y =0.02X + 16.7 0.04
May 386 Y=0.04X+378 0.22* 222 Y=0.02X+218 0.07 16.4 Y =0.02X + 15.9 0.04
June 37.7 Y =-0.02+38.0 0.03 249 Y =-0.02X+25.3 0.14** 12.8 Y =0.005X +12.8 0.005
July 336 Y=0.03X+331 0.19* 251 Y=0.01X+249 0.07 8.5 Y =0.02X + 8.2 0.106
August 328 Y =0.04X+319 0.33* 245 Y =0.01X+243 0.10 8.3 Y =0.03X +7.7 0.23*
September 326 Y=0.04X+319 0.26* 221 Y=0.01X+218 0.09 10.5 Y =0.03X +10.1 0.08
October 314 Y =0.05X+305 041* 16.2 Y =005X+153 0.32* 15.3 Y =0.006X + 15.2 0.005
November 27.0 Y =0.02X+26.6 0.12** 10.6 Y =0.02X+10.2 0.09 16.5 Y =0.005X + 16.4 0.003
December 216 Y =0.02X+214 0.04 6.4 Y=0004X+6.3 0.006 15.2 Y =0.01X+15.1 0.01
Annual 30.0 Y =0.03X+295 0.31* 16.3 Y=0.01X+16.0 0.10 13.7 Y =0.01X +13.5 0.05
Kharif 344 Y =004X-465 0.53* 225 Y =0.01X+222 0.16** 12.0 Y =0.02X + 11.6 0.15**
Rabi 242 Y =0.03X+249 0.18* 101 Y =0.02X+9.7 0.07 154 Y =0.003X +15.4 0.001
Winter 209 Y=-0.004X+21 0.01 6.7 Y=001X+64 0.04 14.2 Y =-0.02X + 14.6 0.08

Pre-monsoon 338 Y =0.05X+329 0.24* 175 Y =0.01X+6.4 0.04 16.3 Y =0.02X + 15.9 0.06
Monsoon 341 Y=0.02X+337 0.18* 241 Y =0.002X+241 0.01 10.0 Y =0.02X +9.6 0.16**

Post monsoon  26.7 Y =0.03X+26.2 0.20* 110 Y=002X+10.6 0.16** 15.6 Y =0.01X + 15.6 0.01

*Significant at 1% level of significance
** Significant at 5% level of significance

over past 35 years. Bhutiyani et al. (2007) showed
increasing trend in minimum temperature over the
northwestern Himalayan region during the 20" century.
The significant increasing trends in maximum temperature
were observed during month of February and March in
North eastern regions, in March in Central region but
decreasing trend in month of January in Central and south-
west regions during temporal analysis (40 years) while

observed for all other seasons but significant only for
kharif (0.02 °C per year) and monsoon season (0.02 °C
per year). The change in kharif and monsoon diurnal
temperature over the 35 year period is 0.7 °C (Table 1).
Bhutiyani et al. (2007) showed increasing trend in diurnal
temperature over the northwestern Himalayan region
during the 20" century.

increase in maximum temperature in all regions were 3.1.4. Rainfall
observed during spatial analysis (Kingra et al., 2018). The
average minimum temperature didn’t show any The rainfall variability analysis becomes very
significantly increasing trend (Sharma et al., 2017). important as the amount and distribution of rainfall is very
important for determining yield of crops. The rainfall
3.1.3. Diurnal temperature variability trends were worked out by analyzing daily
rainfall data on monthly, annual and seasonal basis (Table 2).
The normal diurnal temperature at Ballowal The annual normal rainfall for the kandi region is

Saunkhri ranges from 8.3 to 17.1 °C. The increase in
annual diurnal temperature range is non-significant. The
diurnal range has decreased for January and February but
it is significant only for January (0.04 °C per year), i.e.,
1.4 °C over 35 years. For all other months increase in
diurnal range has been observed but it is significant only
for August month (0.03 °C per year).

Among different seasons, the diurnal range has
decreased for winter season only, but this change was
non-significant. An increase in diurnal range has been

1064.9mm. The trend analysis of annual rainfall shows
significant decrease at the rate of about 8mm per year. The
normal rainfall during different months at Ballowal
Saunkhri ranges from 6.6 to 299.7 mm being lowest for
November & highest for August. The rainfall patterns showed
the decreasing trends over the years (Sharma et al., 2017).

The analysis on monthly basis revealed a decrease in
rainfall for May, July, August and November but it was
significant for July (5.45 mm per year), August (3.02 mm
per year) and November (1.61 mm per year).
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TABLE 2

Trend analysis of rainfall, rainy days, evaporation and sunshine hours for different time period of the year (1984-2019)

Month/ Rainfall (1984-2019) Rainy days (1984-2019) Evaporation (1984-2019) Sunshine hours (1986-2019)
Season Normal Equation Rz Normal Equation Rz Normal Equation Rz Normal  Equation R2
Jan 358 Y=027X+314 0.03 3 Y=003X+19 008 439 Y=-056X+538 047* 58 Y=-0.07X+7.2 0.59*
Feb 441 Y=027X+314 003 4 Y=0006X+33 0002 714 Y=-076X+850 054* 72 Y=-0.04X+7.9 0.36*
Mar 320 Y=051X+242 0.13* 3 Y=-002X+33 004 1281 Y =-1.20X+149.7 042* 82 Y=001X+7.9 0.05
Apr 229 Y=032X+156 0.11** 2 Y =0.03X+15 0.14** 213.7 Y =-210X+252.2 0.50* 9.4 Y =-0.03X+9.97 0.30*
May 318 Y=-041X+404 006 3 Y=-004X+36 009 2838 Y=-280X+3328 0.52* 10.0 Y =-0.03X +10.5 0.40*
Jun 1101 Y =226X+681 023* 6 Y=003X+49 009 2378 Y =-312X+294.7 047* 87 Y =-0.06X+9.7 0.54*
Jul 2745 Y =-545X+377.7 0.38* 11 Y =-0.08X+12.9 0.20* 138.7 Y =-1.12X+159.4 0.21* 6.0 Y =-0.02X+6.50.17**
Aug 299.7 Y =-3.02X+352.3 0.22* 11 Y =-0.07X+12.70.15** 1126 Y =-0.96X+1299 0.27* 6.2 Y =-0.06X+7.2 0.40*
Sep 1563 Y=-1.61X+1869 0.07 6 Y=-0.02X+59 0.02 1050 Y =-0.59X+115.6 0.20* 7.6 Y =-0.03X+8.1 0.19*
Oct 245 Y=-044X+332 003 1 Y=-002X+14 0.04 102.2 Y =-0.7974X +116.11 0.34* 8.7 Y =-0.05X+9.6 0.43*
Nov 6.6 Y =-026X+111 0.15** Y =-0.01X+1.0 007 684 Y=-038X+750 0.22* 80 Y=-0.05X+9.1 0.45*
Dec 266 Y =-067X+385 0.10 1 Y=-003X+16 005 470 Y=-0.30X+523 0.28* 65 Y =-0.03X+7.00.18**
Annual 1064.9 Y =-855X +1221.1 0.21* 51 Y =-0.18X+54.3 0.10 1552.6 Y =-14.70X + 1816.5 0.55* 7.7 Y =-0.04X +8.4 0.74*
Kharif 896.9 Y =-8.67X +1058.6 0.26* 38 Y =-0.19X+4150.15** 980.0 Y =-9.39X +1148.3 0.48* 7.9 Y =-0.04X+8.7 0.74*
Rabi 165.9 Y =-0.20X +169.3 0.002 13 Y =-0.04X+13.7 0.02 5689 Y =-4.78X+651.49 0.51* 6.4 Y =-0.03X+8.2 0.45*
Winter 80.0 Y =0.25X+73.0 0.01 6 Y=0035X+53 0.04 1153 Y =-1.32X+138.83 0.58* 6.6 Y =-0.06X+7.7 0.69*
Pre- 866 Y=038X+802 002 8 Y=-003X+85 0.02 6256 Y=-6.10X+7347 0.60* 9.2 Y =-0.02X+95 0.31*
monsoon
Monsoon 840.7 Y =-7.82X+985.0 0.22* 34 Y =-0.14X+36.5 0.10 594.0 Y =-579X+699.48 041* 7.1 Y =-0.04X+79 0.67*
Post 57.7 Y=-137X+828 013** 3 Y=-0.056X+4.0 010 217.6 Y =-1.48X+243.49 0.34* 7.8 Y =-0.04X+8.6 0.48*
monsoon
*Significant at 1% level of significance
** Significant at 5% level of significance
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Fig. 2. Pentad wise changes in rainfall for the lower Shivalik region of Punjab

The perusal of data shows that rainfall increased for January
to April and June month. But this increase in rainfall was
significant during the months March, April and June and it
was 0.51, 0.32 and 2.26 mm per year, respectively.

The trend analysis for different seasons shows that
kharif, rabi, monsoon and post monsoon rainfall has
decreased, whereas increased for winter and pre monsoon
seasons. But this change is significant only for kharif,
monsoon and post monsoon, i.e., rainfall has reduced
significantly by 8.8, 7.8 and 1.4 mm per year respectively
for these seasons at this region (Table 2). It means that
change of 303, 273 and 47 mm has occurred over 35 years

period. Kumar et al., (1992) observed a decreasing trend
(ranged between —6% and —-8% of the normal per 100
years) in the monsoon rainfall over the Northeast
peninsula, Northeast India and Northwest peninsula.
Krishnakumar et al. (2011) revealed significant decrease
in SW monsoon rainfall and an increase in post-monsoon
season over Kerala. Yadav et al. (2014) have indicated an
increasing trend of annual rainfall in Almora, Bageshwar,
Nainital, Pauri Gharwal, Pithoragarh, Udhamsingh Nagar
and Uttarkashi; and a decreasing trend of annual rainfall
for Chamoli, Champawat, Rudraprayag and Tehri
Garhwal district of Uttarakhand state, India in a study
conducted from year 1971 to 2011. Kingra et al. (2017)
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reported that the decreasing rainfall during kharif and rabi
seasons from north-east to south-west regions of Punjab.
Similar trends were also reported by Kaur et al. (2019).
The analysis of pentad-wise shifts in rainfall for the Lower
Shivalik foothills shows that for the different seasons,
rainfall has decreased linearly (Fig. 2).

3.1.5. Rainy days

The slope and regression coefficients of the
equations obtained by regressing the three yearly moving
averages against time for monthly, annual and seasonal
rainy days at different locations in Lower Shivalik
foothills of Punjab are shown in Table 2. The Lower
Shivalik foothills has annual 51 normal rainy days which
have shown a non-significant but decreasing trend. The
normal rainy days during different months at Ballowal
Saunkhri ranges from 3 to 11 days during different months
of the year. In general, the rainy days showed a decreasing
trend during different months in the Lower Shivalik
foothills of Punjab except January, February and April for
which increasing trend in rainy days observed. , but the
trend was significant only for July (0.08 days per year,
i.e., 2.8 days over 35 years) and August (0.07 day per year,
i.e., 2.45 days over 35 years). The significantly increasing
trend in rainy days for the April month shows an increase
of 1.05 days over past 35 years (0.03 days per year).

Among different seasons of the year, rainy days were
found to be decreasing except winter season but the
change in rainy days is significant only for the kharif
season (0.19 day per year, i.e., 6.65 days over 35 years).
Kothyari and Singh (1996) also found decreasing trend in
monsoon rainy days in the Ganga basin.

3.1.6. Pan evaporation

Evaporation is a crucial parameter of hydrological
cycle. The rate of change of evaporation plays a very
important role for scheduling irrigation, runoff estimation
etc (Ghuman et al., 2020). The normal pan evaporation at
Ballowal Saunkhri ranges from 43.9 to 283.8 mm. For the
Ballowal Saunkhri, the slope and regression coefficients
of the equations obtained by regressing the three yearly
moving averages against time for monthly, annual and
seasonal pan evaporation is shown in Table 2. In general,
the pan evaporation revealed a decreasing trend. The annual
evaporation showed significantly decreasing evaporation
at rate of 14.7 mm per year during past 35 years.

The analysis of the data revealed that the significant
reduction in monthly pan evaporation by0.30 to 3.1 mm
per year during different months of the year. The highest
reduction was noticed for June (3.1 mm per year) and
lowest for December (0.30 mm per year).

The change observed in kharif, rabi, winter, pre-
monsoon, monsoon and post monsoon pan evaporation
per year is 9.4, 4.8, 1.3, 6.1, 5.8 and 1.5 mm per year
respectively and the corresponding change occurred
during these seasons over 35 years is around 329, 168,
45.5, 213.5, 203, 52.5 mm. The reduction in evaporation
may be attributed to the reduced sunshine hours, wind
speed and increasing relative humidity at this region. Fu
et al. (2009) also reported decreasing evaporation at
different locations.

3.1.7. Sunshine hour

The sunshine hours are important parameters for
determining the evaporation rate. These also affect the
photosynthesis process which affects the yield of different
crops. The slope and regression coefficients of the
equations obtained by regressing the three-yearly moving
averages against time for monthly and seasonal sunshine
hours at different locations in Punjab are shown in
Table 2. The annual sunshine hours at this region are
7.7 hours which are decreasing significantly at rate of
0.04 hours per year.

The normal monthly sunshine hours at Ballowal
Saunkhri ranges from 5.8 to 10 hours being lowest in
January and highest for May. In general, the monthly
sunshine hours at Ballowal Saunkhri have also revealed a
significant decreasing trend by 0.01 to 0.07 hours per year.
This decrease corresponds to 0.35 to 2.45 hours over 35
years period. This decrease is lowest for month of March
and highest for the January.

The change in kharif, rabi, winter, pre monsoon,
monsoon and post monsoon sunshine hours over the 35
years period is 0.04, 0.03, 0.06, 0.02, 0.04 and 0.04 hours
per year respectively, corresponding to a change of 1.4,
1.05, 2.1, 0.7, 1.4 and 1.4 hours over the 35 years,
respectively.

3.1.8. Morning relative humidity

The normal morning relative humidity at Ballowal
Saunkhri is 78% which has been increasing at rate of 0.33
percent per year corresponding to change of 11.5 percent
over 35 years period. The mean monthly morning relative
humidity in this region ranges between 51 to 91 percent
being lowest for May and highest for January followed by
August, September, December and July. The analysis of
long term data indicates that morning relative humidity for
all the months has been increasing significantly. The rate
of change of relative humidity is 0.18 (August) to 0.44
(June) percent per year. It means the morning relative
humidity has changed by 6.3 to 15.4 percent during last35
years.
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TABLE3

Trend analysis of relative humidity and wind speed for different time period of the year (1984-2019)

Morning Relative humidity

Evening Relative humidity

Wind speed

Month/Season (1983-2019) (1983-2019) (1984-2019)
Normal Equation Rz Normal Equation R? Normal Equation R?

January 91 Y=032X+851 035 56 Y=049X+47.0 0.55* 2.8 Y =-0.05X + 3.6 0.26*
February 85 Y=037X+779 039* 48 Y =0.35X+415 0.55* 3.6 Y =-0.04X + 4.36 0.21*
March 74 Y=0.34X+680 0.36* 42 Y=029X+361 0.36* 43 Y =-0.07X + 5.46 0.34*
April 56 Y=042X+473 036 30 Y=037X+226 041* 48 Y =-0.07X + 152.7 0.46*
May 51 Y=032X+447 046* 30 Y=025X+252 0.29* 5.1 Y =-0.06X +6.1 0.35*
June 63 Y =044X+548 040* 44 Y =043X+352 0.39* 4.4 Y =-0.07X+5.7 0.47*
July 85 Y=028X+792 026 70 Y=026X+645 0.24* 3.1 Y =-0.06X +4.1 0.42*
August 90 Y=018X+869 028* 75 Y=011X+729 0.16** 2.3 Y =-0.04X +3.1 0.42*
September 89 Y=027X+839 036* 66 Y=023X+61.7 0.38* 2.2 Y =-0.04X +2.9 0.37*
October 82 Y =040X+742 041* 47 Y =025X+425 0.26* 2.5 Y =-0.06X + 3.6 0.47*
November 84 Y=035X+771 030* 43 Y=023X+384 0.34* 2.6 Y =-0.056X +34 0.35*
December 89 Y=028X+843 029* 51 Y=019X+46.9 0.19* 2.5 Y =-0.04X + 3.2 0.29*
Annual 78 Y=033X+720 046* 50 Y=029X+446 0.69* 3.3 Y =-0.06X +4.3 0.42*
Kharif 77 Y =032X+706 047 55 Y=025X+504 0.50* 3.3 Y =-0.06X +4.3 0.44*
Rabi 80 Y=036X+729 042 45 Y =029X+389 0.65* 3.4 Y =-0.056X +4.2 0.29*
Winter 88 Y=0.34X+820 038 52 Y=043X+448 0.70* 3.2 Y =-0.056X +3.9 0.23*
Pre-monsoon 60 Y=036X+538 049* 34 Y=030X+283 046* 4.7 Y=-0.06X + 5.8 0.36*
Monsoon 82 Y=029X+76.6 040* 64 Y=026X+59.1 043* 3.0 Y =-0.06X + 3.9 0.44*
Post monsoon 85 Y=034X+787 034 47 Y =022X+429 0.34* 2.5 Y =-0.056X+34 0.39*

*Significant at 1% level of significance
** Significant at 5% level of significance

The kharif, rabi, winter, pre monsoon, monsoon,
post monsoon season morning relative humidity has
increased by 0.32, 0.36, 0.34, 0.36, 0.29 and 0.34 percent
per year with corresponding increase of 11.2, 12.6, 11.9,
12.6, 10.2 and 11.9 percent over 35 years. Dai (2006) also
found increasing humidity trends.

3.1.9. Evening relative humidity

The results of long term analysis of annual, monthly
and seasonal evening relative humidity at Lower Shivalik
foothills have been given in Table 3. The normal annual
evening relative humidity at Ballowal Saunkhri is 50%
which has been increasing at rate of 0.29 percent per year
corresponding to change of 10.15 percent over 35 years
period. The mean monthly evening relative humidity in
this region ranges between 30 to 75 percent being lowest
for April and May, whereas highest for August. The
analysis of long-term data indicates that evening relative
humidity for all the months has been increasing
significantly at rate of -0.11 (August) to 0.49 (January)
percent per year. It means the evening relative humidity has
increased by 3.85 to 17.15 percent during last 35 years.

The analysis of kharif, rabi, winter, pre monsoon,
monsoon, post monsoon season evening relative humidity
has increased significantly by 0.25, 0.29, 0.43, 0.30, 0.26

and 0.22 percent per year with corresponding increase of
8.75, 10.15, 15.05, 10.5, 9.1 and 7.7 percent over 35 years.

3.1.10. Wind speed

The wind speed is very important parameter
determining the evaporation rate. The annual wind speed
at the Lower Shivalik foothills is 3.3 km/hr which has been
found to decrease 0.06 km/hr per year, i.e., 2.1 km/hr
since past 35 years. The normal wind speed at Ballowal
Saunkhri ranges from 2.2 (September) to 5.1 (May) km/hr
during different months of the year. The slope and
regression coefficients of the equations obtained by
regressing the three yearly moving averages against time
for monthly, annual and seasonal wind speed at different
locations in Punjab are shown in Table 3. In general, a
decreasing trend in wind speed throughout the year has
been observed in the Lower Shivalik foothills of Punjab
state. The perusal of the data revealed that the monthly
wind speed has reduced at rate of 0.04 to 0.07 km/hr/day.
The lowest reduction has been observed for February,
August, September and December, whereas highest for the
March, April and June. The seasonal wind speed has also
reduced significantly at the study region. The reduction in
kharif, pre monsoon and monsoon wind speed is
0.06 km/hr/day, whereas the reduction in rabi, winter and
post monsoon wind speed is 0.05 km/hr/day.
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4. Conclusions

The analysis of meteorological data of the region
indicated that maximum temperature has shown increase
in most of the months, whereas the increase in minimum
temperature is significant only for February, March and
October. The analysis of rainfall data reveals an annual,
seasonal and monthly decrease in most of months/seasons
in Lower Shivalik foothills of Punjab. The increasing trend
in relative humidity coupled with decreasing trend in wind
speed, pan evaporation and sunshine hours suggested an
increase in the prevalence of cloudy and humid weather
conditions in the state. The significantly decreasing
diurnal temperature range for January and increasing for
August as result of significant decrease and increase in
maximum temperature during these months respectively
and stable minimum temperature has been observed.
There are some definite indicators of climate change in the
region and these needs to be correlated with crop
productivity, water availability and use.
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