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lkj & bl 'kks/k i= esa Hkkjr esa QSys gq, izeq[k chl LFkkuksa ij laLFkkfir ;w-,l- Js.kh&, ds 

ok"ihdj.k&ik=ksa (iSUl½ ls fu/kkZfjr le; ij izkIr fd, x, rhl o"kkZsa (1971&2000½ ds ok"ihdj.k vk¡dM+ksa dk 
mi;ksx fd;k x;k gSA bl LFkkuksa ds fy, okf"kZd ok"ihdj.k ds vk/kkjHkwr lkaf[;dh; izkpyksa U;wure] 
vf/kdre] vof/k] vkSlr] ekud fopyu (,l-Mh-½ vkSj fo{ksi  (lh- oh-½ dk vkdyu fd;k x;k  gSA jSf[kd 
izo`fr fo’ys"k.k rduhd dk mi;ksx djrs gq, bldh okf"kZd] _rqokj vkSj ekfld izo`fr;ksa dk v/;;u fd;k 
x;k gSA tc dHkh Hkh egRoiq.kZ ifjorZu gq, mu fof’k"V vof/k;ksa dk irk yxkus ds fy, iSu ok"ihdj.k 
izo`fr;ksa esa ikbZ xbZ fHkUurkvksa rFkk ifjoruksa ds mi;qDr vkjs[k rS;kj fd, x, gSA 

 
iSu ok"ihdj.k dk okf"kZd vkSlr dk U;wure eku (1107 fe- eh-½ cqjkyhDlu esa rFkk mPpre eku (3004 

fe- eh-½ jktdksV esa ik;k x;k gSA yxHkx 11 izfr’kr dk mPpre fo{ksi xq.kkad jktkeqanzh] tks/kiqj] 
cqjkyyhDlu vkSj usYyksj esa izsf{kr fd;k x;k gSA  yxHkx 2 izfr’kr dk U;wure fo{ksi xq.kkad vfEcdkiqj esa 
izsf{kr fd;k x;k gSA dqy chl LFkkuksa esa ls iUnzg LFkkuksa ds iSu ok"ihdj.k ds okf"kZd ok"ihdj.k ekuksa esa 
fxjkoV dh izofr ns[kh xbZ gS vkSj ik¡p LFkkuksa esa fdlh izdkj dh dksbZ egRoiw.kZ izo`fr ugha ns[kh xbZ gSA 
buds okf"kZd Mh- bZ-@Mh-Vh- eku &6-27 (dSfux½ ls &29-30 (tks/kiqj½ fe- eh-@o"kZ rd cnyrs jgs gSaA Hkkjr esa 
okf"kZd vkSlr Mh- bZ-@Mh-Vh- eku &14-90 fe-eh-@o"kZ  ik;k x;k gSA iSu ok"ihdj.k vof/k dk mi;ksx djrs 
gq, fdlh LFkku  fo’ks"k  dk ifj.kkRed okf"kZd Mh- bZ-@Mh-Vh- eku dk vkdyu djds jSf[kd lekurk ikbZ xbZ 
gSA Hkkjr esa vkslru okf"kZd Mh- bZ-@Mh-Vh- (fe-eh-@o"kZ½ rqyuk esa _rqxr Mh- bZ-@Mh-Vh- dk ;ksxnku mPpre 
&5-63 (37-8 izfr’kr½ _rq&2 (ekpZ&vizsy&ebZ½ esa rFkk U;wure &2-07 (13-9 izfr’kr½ _rq&1 
(tuojh&Qjojh½ esa ik;k x;k gSA Hkkjr esa vkslru okf"kZd Mh- bZ-@Mh-Vh-  (fe-eh-@o"kZ½  dh rqyuk esa ekfld 
Mh- bZ-@Mh-Vh- dk ;ksxnku mPpre &2-08   (14-0 izfr’kr½ ebZ esa rFkk U;wure &0-77 (5-2 izfr’kr½ vxLr 
esa ik;k x;k gS budh vjSf[kd lekurk (d½ Hkkjr esa fdlh fo’ks"k ekg ds ekfld Mh- bZ-@Mh-Vh-   ds ekuksa 
dk vkSlr ifj.kkRed vkdyu djds ([k½ Hkkjr esa fdlh Hkh ekg ds lp;h Mh- bZ-@Mh-Vh-  ds vkSlr ekuksa dk 
ifj.kkRed vkdyu djds  vkSj (x½ Hkkjr esa fdlh ekg ds vkSlr okf"kZd Mh- bZ-@Mh-Vh- dh rqyuk esa 
ifj.kkRed  ;ksxnku  (izfr’kr½ dk vkdyu djds ikbZ xbZ gSA 

 
 
ABSTRACT. Thirty years pan evaporation time series data (1971-2000) recorded from US class-A evaporation 

pans for twenty well distributed locations in India, have been utilized in the present study. For all the locations, basic 
statistical parameters of annual evaporation [minimum, maximum, range, mean, standard deviation (S.D.) and coefficient 
of variation (C.V.)] have been computed. Annual, seasonal and monthly trends have been studied using linear trend 
analysis technique. Suitable graphs have been plotted to study the variations and changes in pan evaporation trends and to 
identify the specific periods as and when significant changes occur. 

 
The mean annual pan evaporation was found to be lowest (1107 mm) at Buralikson and highest (3004 mm) at 

Rajkot. The highest C.V. of nearly 11% was observed at Rajamundry, Jodhpur, Buralikson and Nellore. The lowest C.V. 
of nearly 2% was observed at Ambikapur. Out of twenty locations, significant decreasing trend in annual pan evaporation 
was observed at fifteen locations and no significant trend at five locations. The annual dE/dt values varied from -6.27 
(Canning) to -29.30 (Jodhpur) mm/year. The average annual dE/dt over India was found to be -14.90 mm/year. Linear 
relationship was obtained to quantitatively estimate annual dE/dt, at a given location, using pan evaporation range. On an 
average, over India, the contribution of seasonal dE/dt towards annual dE/dt (mm/year) is highest -5.63 (37.8 %) in 
Season-2 (March-April-May) and lowest -2.07 (13.9 %) in Season-1(January- February). On an average, over India, the 
contribution of monthly dE/dt towards annual dE/dt (mm/year) is highest - 2.08 (14.0 %) in May and lowest -0.77 (5.2 %) 
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in August. Non linear relationships were obtained (a) to quantitatively estimate the average monthly dE/dt values over 
India, in any particular month (b) to quantitatively estimate the average cumulative dE/dt values over India (mm/year) 
upto any particular month and (c) to quantitatively estimate the contribution (per cent) towards average annual dE/dt over 
India, upto any particular month. 

 
Key words –  Annual evaporation, Seasonal evaporation, Monthly evaporation, Evaporation trends, Evaporation 

over India. 
 
 
 
1. Introduction 
  

Evaporation plays a major role in the redistribution 
of thermal energy between the earth and the atmosphere, 
and is an essential part of the hydrological cycle. Any 
major changes in evaporation will have profound 
implications for hydrological processes, water budget, 
agricultural crop performance and in turn, the economy of 
the country. In this context, studies related to long term 
changes in evaporation are very important. 
  

In India, studies related to long term changes in 
temperature and rainfall have been carried out by many 
researchers (Hingane et al. 1985, Thapliyal and 
Kulshrestha, 1991, Srivastava et al. 1992, Rupa Kumar          
et al. 1994, Govinda Rao et al. 1996). However, studies 
related to long term changes in evaporation over India are 
scanty. Sambasiva Rao and Vamadevan (1986) studied 
evaporation rates from different pans under humid tropical 
conditions. Amirul Hussain (1986) studied evaporation 
over Bangladesh. Biswas and Khambete (1988) studied 
water consumption by dry land crops as related to pan 
evaporation. Rathore and Biswas (1991) prepared 
climatological maps of daily evaporation and weekly 
evaporation. These maps give a fairly good idea about the 
spatial variation in evaporation over India. Chowdhury         
et al. (1999) studied the relative contribution of different 
meteorological elements on evaporation. Chattopadhyay 
and Hulme (1997) studied the influence of different 
meteorological variables on changes in evaporation and 
found that compared to other variables relative humidity is 
strongly associated with changes in evaporation. Long 
term changes in evaporation were studied in different 
parts of the world (Peterson et al. 1995, Roderick and 
Farquhar, 2004). 
  

In order to understand the implications of long 
period changes in evaporation on agriculture, there is need 
to understand the distribution of these changes, to identify 
the specific periods when significant changes occur and 
quantitatively estimate these changes. Hence, in this 
paper, an attempt has been made to study the recent 
variations and trends in pan evaporation using linear trend 
analysis technique, to identify the specific periods when 
significant changes occur and quantitatively estimate these 
changes. 

2. Data and methodology  
 

In the present study, thirty years pan evaporation 
time series data (1971-2000) recorded from US class-A 
evaporation pans for twenty well distributed locations in 
India, have been utilized. The distribution of the stations is 
reasonably representative of different regions of the 
country. The data were collected from National Data 
Center, India Meteorological Department, Pune. These 
stations are Adhartal (23° 09′ N, 79° 58′ E) (Madhya 
Pradesh), Akola (20° 42′ N, 77° 00′ E) (Maharashtra), 
Ambikapur (20° 08′ N, 83° 50′ E) (Madhya Pradesh), 
Anamalainagar (11° 24′ N, 79° 44′ E) (Tamilnadu), 
Bhubaneshwar (20° 15′ N, 85° 50′ E) (Orissa), 
Bikramganj (25° 10′ N, 84° 15′ E) (Bihar), Buralikson 
(26° 35′ N, 93° 50′ E) (Assam), Canning (22° 15′ N, 88° 
40′ E) (West Bengal), Hebbal (13° 00′ N, 77° 38′ E) 
(Karnataka), Hissar (29° 10′ N, 75° 46′ E) (Haryana), 
Hyderabad (17° 32′ N, 78° 16′ E) (Andhra Pradesh), 
Jodhpur (26° 18′ N, 73° 01′ E) (Rajasthan), Karimganj 
(24° 50′ N, 92° 20′ E) (Assam), Nellore (14° 27′ N, 79° 
59′ E) (Andhra Pradesh), Pantnagar (29° 00′ N, 79° 30′ E) 
(Uttaranchal), Pattambi (10° 48′ N, 76° 12′ E) (Kerala), 
Pune (18° 32′ N, 73° 51′ E) (Maharashtra), Rajamundry 
(17° 00′ N, 81° 46′ E) (Andhra Pradesh), Rajkot (22° 17′ 
N,  70° 48′ E) (Gujarat), Varanasi (28° 18′ N,  83° 03′ E) 
(Uttar Pradesh). 
  

In this paper, for all twenty locations, the basic 
statistical parameters [minimum, maximum, range, mean, 
standard deviation (S.D.) and coefficient of variation 
(C.V.)] of annual evaporation have been computed. 
Annual, seasonal and monthly trends have been studied 
using linear trend analysis technique. Results obtained 
have been tested for its significance at more than 95% 
probability level (p > 0.95). Suitable graphs have been 
plotted to study the variations and changes in pan 
evaporation trends and to identify the specific periods as 
and when significant changes occur. The annual rate of 
change (increase/decrease) in pan evaporation, at any 
location, in a given time period (annual, seasonal, monthly 
etc.) may be expressed quantitatively as dE/dt. The 
positive values of dE/dt indicate increase and negative 
values indicate decrease in pan evaporation in a given 
time period. Using trend analysis technique and slope of 
the trend line, dE/dt values have been computed. Attempt 
has  been  made to quantitatively estimate (i) annual dE/dt,  
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TABLE 1 
 

Basic statistical parameters of annual pan evaporation and trends (significant at p > 0.95) at various locations in India (1971-2000) 
 

Station 
Basic statistical parameters of annual pan evaporation ( mm ) 

Minimum Maximum Range Mean S.D. C.V. (%) Trend dE/dt (mm/year) 

Canning 1333 1780 447 1548 111 7.2 Decreasing -6.27 

Karimganj 1033 1401 368 1174 111 9.5 Decreasing -6.39 

Bhubaneshwar 1480 2036 556 1711 127 7.4 Decreasing -7.00 

Adhartal 1825 2253 428 2063 112 5.4 Decreasing -8.10 

Hyderabad 2497 2858 361 2656 116 4.4 Decreasing -10.63 

Bikramganj 1455 2133 678 1672 158 9.5 Decreasing -11.55 

Hebbal 1643 2234 591 1907 136 7.1 Decreasing -12.35 

Nellore 1741 2703 963 2105 222 10.5 Decreasing -14.58 

Buralikson 883 1281 398 1107 118 10.7 Decreasing -15.0 

Pattambi 1536 2050 514 1797 148 8.2 Decreasing -16.00 

Akola 2512 3322 810 2831 199 7.0 Decreasing -19.60 

Pune 1711 2586 875 2110 203 9.6 Decreasing -20.20 

Hissar 1884 2795 911 2256 236 10.5 Decreasing -22.10 

Rajamundry 1778 2789 1011 2176 238 10.9 Decreasing -24.35 

Jodhpur 2366 3518 1152 2993 320 10.7 Decreasing -29.30 

Ambikapur 1889 2024 136 1945 46 2.3 No Trend - 

Anamalainagar 2035 2519 483 2229 130 5.8 No Trend - 

Pantnagar 1721 2163 442 1894 107 5.6 No Trend - 

Rajkot 2693 3255 562 3004 159 5.3 No Trend - 

Varanasi 1604 2000 396 1737 156 9.0 No Trend - 

 
* S.D. – Standard deviation; C.V. – Coefficient of variation 

 

 
at a given location, using pan evaporation range (ii) the 
average monthly dE/dt values over India, in any particular 
month (iii) the average cumulative dE/dt values over India 
(mm/year) up to any particular month and (iv) the 
contribution (percent) towards average annual dE/dt over 
India, up to any particular month. 
 
3. Results and discussion 

 
3.1. Variations and trends in annual pan 

evaporation 
  

Basic statistical parameters [minimum, maximum, 
range, mean, standard deviation (S.D.) and coefficient of 
variation (C.V.)] and observed trends (1971-2000) of 
annual pan evaporation (significant at p > 0.95) for all 
twenty locations are given in Table 1. The minimum 

annual evaporation, at various locations, varied between 
883 and 2693 mm. The lowest minimum annual 
evaporation of 883 mm was observed at Buralikson. The 
maximum annual evaporation, at various locations, varied 
between 1281 and 3518 mm. The highest maximum 
annual evaporation of 3518 mm was observed at Jodhpur. 
The annual evaporation range, defined as the difference of 
maximum and minimum, at various locations varied 
between 136 and 1152 mm. The lowest annual 
evaporation range of 136 mm has been observed at 
Ambikapur. The highest annual evaporation range of 1152 
mm has been observed at Jodhpur. Large variations are 
observed in mean annual evaporation at various locations 
in India. Mean annual evaporation varied between 1107 
and 3004 mm. The lowest mean annual evaporation of 
1107 mm has been observed at Buralikson. The highest 
mean  annual  evaporation of 3004 mm has been observed  
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Fig. 1.   Variation in annual  dE/dt ( mm/year ) in relation to pan evaporation  range (mm) over India (1971-2000) 
 
 
 
at Rajkot. The coefficient of variation (C.V.), defined as 
the ratio of standard deviation to mean and expressed as 
per cent, at various locations varied between 2.3 and 10.9 
per cent. The highest C.V. of nearly 11% has been 
observed at Rajamundry, Jodhpur, Buralikson and 
Nellore. The lowest C.V. of nearly 2% has been observed 
at Ambikapur. 
  

Out of twenty locations, significant decreasing trends 
in annual evaporation have been observed at fifteen 
locations. No significant trend in annual evaporation has 
been observed at five locations (Ambikapur, 
Anamalainagar, Pantnagar, Rajkot and Varanasi). These 
five locations have been ignored in further study. The 
annual rate of change (increase/decrease) in pan 
evaporation, at any location, in a given time period 
(annual, seasonal, monthly etc.) may be expressed 
quantitatively as dE/dt. The positive values of dE/dt 
indicate increase while the negative values indicate 
decrease in pan evaporation in a given time period. Using 
trend analysis technique and slope of the trend line, dE/dt 
values have been computed for those fifteen locations in 
which significant decreasing trend in annual evaporation 
have been observed. These annual dE/dt values are given 
in Table 1. The annual dE/dt values, at various locations 
varied from -6.27 mm/year at Canning to -29.30 mm/year 
at Jodhpur. The average annual dE/dt, over India, has been 
found to be -14.90 mm/year. Variation in annual dE/dt 
(mm/year) in relation to pan evaporation range is shown in 
Fig. 1. Significant correlation has been observed between 
these parameters and the linear regression obtained is 
given by : 
  

Y   =  - 0.023 X + 0.292       (r = 0.85 ; Se =3.8)  

Y   =    annual dE/dt (mm/year) 
 
X   =    pan evaporation range (mm) 

 
Using this equation, it is possible to estimate annual 

dE/dt, at a given location, using pan evaporation range. 
On the basis of this relationship, the annual dE/dt at 
various locations over India may be broadly divided into 
following three categories; 
 

Category Pan evaporation 
range (mm) 

Annual dE/dt 
(mm/year) 

 
Category-1  
(upto mark “A”) 
 

300 and 700 -5.0  and           
-15.0 

Category-2  
(upto mark “B”) 
 

701 and 900 -15.1 and            
-20.0 

Category-3 above 900 -20.1 and            
-30.0 

 
3.2. Seasonal variations in dE/dt 

  
Seasonal dE/dt, i.e., the rate at which pan 

evaporation decreases at a given location and in a 
particular season, has been computed for all the four 
seasons, viz., season-1 (Jan-Feb), season-2 (Mar-Apr-
May), season-3 (Jun-Jul-Aug-Sep), and season-4 (Oct-
Nov-Dec). Seasonal dE/dt values and their contribution 
towards annual   dE/dt  (significant at p > 0.95) at various 
locations in India are given in Table 2. One would 
normally expect a uniform distribution of dE/dt values in 
different seasons, however it is not so. It may be seen that 
there  are  large  variations  in  dE/dt values from season-1  

Y  = - 0.023 x + 0.292
( R = 0.85 ; Se =3.8 )
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TABLE 2 
 

Contribution of different seasons towards annual dE/dt (mm/year) of pan evaporation (significant at p > 0.95)*  
at various locations in India (1971-2000) 

 
 
S. No. Station  

dE/dt  (mm / year) 
 

Season 1 Season 2 Season 3 Season 4 

1 Jodhpur -4.05 
(13.82) 

 

-9.32 
(31.81) 

-9.74 
(33.24) 

-6.19 
(21.13) 

2 Rajamundry -4.20 
(17.25) 

 

-7.58 
(31.13) 

-8.17 
(33.55) 

-4.40 
(18.07) 

3 Hissar -2.10 
(9.50) 

 

-8.65 
(39.14) 

-7.48 
(33.85) 

-3.87 
(17.51) 

4 Pune -2.70 
(13.37) 

 

-7.90 
(39.13) 

-5.45 
(26.99) 

-4.14 
(20.51) 

5 Akola -3.12 
(15.92) 

 

-10.39 
(53.01) 

-2.69 
(13.72) 

-3.40 
(17.35) 

6 Pattambi -2.63 
(16.44) 

 

-5.53 
(34.56) 

-3.82 
(23.88) 

-4.02 
(25.13) 

7 Buralikson -1.20 
(8.00) 

 

-5.13 
(34.20) 

-7.53 
(50.20) 

-1.14 
(7.60) 

8 Nellore -1.86 
(12.76) 

 

-3.55 
(24.35) 

-5.45 
(37.38) 

-3.72 
(25.51) 

9 Hebbal -1.67 
(13.52) 

 

-4.65 
(37.65) 

-3.73 
(30.20) 

-2.30 
(18.62) 

10 Bikramganj -2.30 
(19.91) 

 

-3.00 
(25.97) 

-2.63 
(22.77) 

-3.62 
(31.34) 

11 Hyderabad -0.75 
(7.06) 

 

-5.75 
(54.09) 

-3.65 
(34.34) 

-0.48 
(4.52) 

12 Adhartal -0.62 
(7.65) 

 

-5.11 
(63.09) 

-1.15 
(14.20) 

-1.22 
(15.06) 

13 Bhubaneshwar -1.20 
(17.14) 

 

-4.22 
(60.29) 

-1.62 
(23.14) 

0.04 
(-0.57) 

14 Karimganj -0.85 
(13.30) 

 

-0.24 
(3.76) 

-1.81 
(28.33) 

-3.49 
(54.62) 

15 Canning -1.75 
(27.91) 

 

-3.44 
(54.86) 

0.27 
(-4.31) 

-1.35 
(21.53) 

 Average - 2.07 
(13.9) 

- 5.63 
(37.8) 

- 4.31 
(28.9) 

- 2.89 
(19.4) 

 
* Significant values for the stations have been shown in bold and non significant in normal font. Values in bracket ( ) show percent contribution 

 
 
 
through season 4. At all locations, seasonal dE/dt values 
varied between -10.39 and +0.27 mm/year. The highest 
range of variation from -10.39 to -2.69 mm/year has been 
observed at Akola. The lowest range of variation from        
-3.62 to -2.30 mm/year has been observed at Bikramganj. 
It may also be seen that the highest magnitude of seasonal 
dE/dt values, in maximum number of locations (9 out of 
15) are occurring in season 2. The highest magnitude of 
seasonal dE/dt (mm/year) has been observed in season-1 

at Rajamundry (-4.20), in season 2 at Akola (-10.39), in 
season 3 and season 4 at Jodhpur (-9.74 and -6.19).  
  

In Table 2, significant values for the stations have 
been shown in bold and non significant in normal font. 
Values in bracket show per cent contribution. Although, 
the annual dE/dt values have been found significant for 
these stations, but the seasonal dE/dt values have not been 
found  significant  in  all  four seasons and even the trends  
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Figs. 2 (a-o).  Variations in average monthly rate of decrease in pan evaporation (dE/dt) at different locations in India (1971-2000) 
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TABLE 3 
 

Contribution of different months towards annual dE/dt (mm/year) of pan evaporation  
(significant at p > 0.95)* at various locations in India (1971-2000) 

 
 
S. No. Station  

dE/dt  (mm/year) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 Jodhpur -1.98 
(6.76) 

 

-2.07 
(7.06) 

-2.75 
(9.39) 

-3.39 
(11.57) 

-3.18 
(10.85) 

-3.58 
(12.22) 

-1.58 
(5.39) 

-1.66 
(5.67) 

-2.92 
(9.97) 

-2.53 
(8.63) 

-1.64 
(5.60) 

-2.02 
(6.89) 

2 Rajamundry -2.39 
(9.82) 

 

-1.81 
(7.43) 

-2.47 
(10.14) 

-1.92 
(7.89) 

-3.19 
(13.10) 

-3.85 
(15.81) 

-2.17 
(8.91) 

-1.42 
(5.83) 

-0.73 
(3.00) 

-0.85 
(3.49) 

-1.40 
(5.75) 

-2.15 
(8.83) 

3 Hissar -0.90 
(4.07) 

 

-1.20 
(5.43) 

-2.05 
(9.28) 

-3.66 
(16.56) 

-2.94 
(13.30) 

-3.00 
(13.57) 

-2.16 
(9.77) 

-0.62 
(2.81) 

-1.70 
(7.69) 

-2.08 
(9.41) 

-1.22 
(5.52) 

-0.57 
(2.58) 

4 Pune -1.17 
(5.79) 

 

-1.53 
(7.58) 

-2.44 
(12.09) 

-3.00 
(14.86) 

-2.46 
(12.18) 

-2.11 
(10.45) 

-1.22 
(6.04) 

-1.03 
(5.10) 

-1.09 
(5.40) 

-1.90 
(9.41) 

-1.32 
(6.54) 

-0.92 
(4.56) 

5 Akola -1.53 
(7.81) 

 

-1.59 
(8.11) 

-2.48 
(12.65) 

-3.48 
(17.76) 

-4.43 
(22.60) 

-1.69 
(8.62) 

-0.17 
(0.87) 

0.41 
(-2.09) 

-1.24 
(6.33) 

-1.18 
(6.02) 

-1.42 
(7.24) 

-0.80 
(4.08) 

6 Pattambi -1.38 
(8.63) 

 

-1.25 
(7.81) 

-2.12 
(13.25) 

-1.56 
(9.75) 

-1.85 
(11.56) 

-1.17 
(7.31) 

-0.84 
(5.25) 

-0.44 
(2.75) 

-1.37 
(8.56) 

-1.39 
(8.69) 

-1.48 
(9.25) 

-1.15 
(7.19) 

7 Buralikson -0.26 
(1.73) 

 

-0.94 
(6.27) 

-1.75 
(11.67) 

-1.12 
(7.47) 

-2.26 
(15.07) 

-2.11 
(14.07) 

-1.90 
(12.67) 

-2.46 
(16.40) 

-1.06 
(7.07) 

-0.66 
(4.40) 

-0.35 
(2.33) 

-0.13 
(0.87) 

8 Nellore -0.98 
(6.72) 

 

-0.88 
(6.04) 

-0.92 
(6.31) 

-1.23 
(8.44) 

-1.40 
(9.60) 

-1.11 
(7.61) 

-1.70 
(11.66) 

-1.72 
(11.80) 

-0.92 
(6.31) 

-1.76 
(12.07) 

-0.58 
(3.98) 

-1.38 
(9.47) 

9 Hebbal -0.50 
(4.05) 

 

-1.17 
(9.47) 

-1.70 
(13.77) 

-2.00 
(16.19) 

-0.95 
(7.69) 

-1.44 
(11.66) 

-0.92 
(7.45) 

-1.00 
(8.10) 

-0.37 
(3.00) 

-0.77 
(6.23) 

-0.98 
(7.94) 

-0.55 
(4.45) 

10 Bikramganj -0.68 
(5.89) 

 

-1.62 
(14.03) 

-1.90 
(16.45) 

-1.30 
(11.26) 

0.20 
(-1.73) 

-0.25 
(2.16) 

-1.17 
(10.13) 

-0.63 
(5.45) 

-0.58 
(5.02) 

-1.32 
(11.43) 

-1.25 
(10.82) 

-1.05 
(9.09) 

11 Hyderabad -0.20 
(1.88) 

 

-0.55 
(5.17) 

-1.40 
(13.17) 

-1.30 
(12.23) 

-3.05 
(28.69) 

-2.32 
(21.83) 

-0.60 
(5.64) 

-0.45 
(4.23) 

-0.28 
(2.63) 

-0.38 
(3.57) 

0.03 
(-0.28) 

-0.13 
(1.22) 

12 Adhartal -0.40 
(4.94) 

 

-0.22 
(2.72) 

-1.00 
(12.35) 

-1.66 
(20.49) 

-2.45 
(30.25) 

-0.44 
(5.43) 

0.00 
(0.00) 

-0.05 
(0.62) 

-0.66 
(8.15) 

-0.70 
(8.64) 

-0.42 
(5.19) 

-0.10 
(1.23) 

13 Bhubaneswar -0.40 
(5.71) 

 

-0.80 
(11.43) 

-0.86 
(12.29) 

-1.50 
(21.43) 

-1.86 
(26.57) 

-1.30 
(18.57) 

-0.12 
(1.71) 

-0.15 
(2.14) 

-0.05 
(0.71) 

0.28 
(-4.00) 

-0.24 
(3.43) 

0.00 
(0.00) 

14 Karimganj -0.72 
(11.27) 

 

-0.13 
(2.03) 

-0.03 
(0.47) 

-0.05 
(0.78) 

-0.16 
(2.50) 

-0.18 
(2.82) 

-0.63 
(9.86) 

-0.46 
(7.20) 

-0.54 
(8.45) 

-1.06 
(16.59) 

-1.27 
(19.87) 

-1.16 
(18.15) 

15 Canning -0.75 
(11.96) 

 

-1.00 
(15.95) 

-1.12 
(17.86) 

-1.02 
(16.27) 

-1.30 
(20.73) 

-0.28 
(4.47) 

0.34 
(-5.42) 

0.16 
(-2.55) 

0.05 
(-0.80) 

-0.12 
(1.91) 

-0.63 
(10.05) 

-0.60 
(9.57) 

 Average -0.95 
( 6.4 ) 

-1.12 
( 7.5 ) 

-1.67 
( 11.2 ) 

-1.88 
( 12.6 ) 

-2..08 
( 14.0 ) 

-1.65 
( 11.1 ) 

-0.99 
( 6.6 ) 

-0.77 
( 5.2 ) 

-0.90 
( 6.0 ) 

-1.10 
( 7.4 ) 

-0.94 
( 6.3 ) 

-0.85 
( 5.7 ) 

 
* Significant values for the stations have been shown in bold and non significant in normal font. Values in bracket ( ) show percent contribution 
 
 
have reversed at a couple of occasions (dE/dt > 0). The 
number of seasons (out of four) in which dE/dt values 
have been found significant varied from 4 to 1. At seven 
(out of 15) locations (i.e., Jodhpur, Rajamundry, Hissar, 
Pune, Pattambi, Nellore and Hebbal. The dE/dt values 
have been found significant in all four seasons. However, 
only at one location (i.e., Adhartal) it has been found 
significant in only one season. In a particular season, the 
number of locations (out of 15) when dE/dt values have 
been found significant varied from 13 to 10. Maximum 
(13) numbers of locations have shown significant dE/dt 
values in season 1 and season 2, followed by 11 locations 

in season 4 and minimum (10) numbers of locations in 
season 3. On an average, over India, the contribution of 
seasonal dE/dt towards annual dE/dt (mm/year), in the 
order of rank, is highest -5.63 (37.8 %) in season 2, 
followed by -4.31 (28.9 %) in season 3, -2.89 (19.4 %) in 
season 4 and lowest -2.07 (13.9 %) in season-1. 

 
3.3. Monthly  variations in dE/dt 

  
Monthly dE/dt values, (the rate at which pan 

evaporation decreases) at a given location and in                  
a  particular  month,  were  computed  for  all  (12) months  
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Fig. 3.   Average monthly rate of decrease in pan evaporation (dE/dt) in different  months over India (1971-2000) 

 
 
 
 
(January through December), for various locations in 
India [Figs. 2(a-o)]. One would normally expect uniform 
distribution of dE/dt values in different months, however 
it is not so. It may be seen that there are large variations in 
dE/dt values from January through December and even 
the trends have reversed (dE/dt > 0) at few occasions. At 
all locations, monthly dE/dt values varied between -4.43 
and +0.41 mm/year. The highest range of variation from         
-4.43 to +0.41 mm/year has been observed at Akola. The 
lowest range of variation from -1.76 to -0.58 mm/year has 
been observed at Nellore. It may also be seen that the 
highest magnitude of monthly dE/dt values, in maximum 
number of locations (12 out of 15) are occurring during 
the four month period (March, April, May and June). The 
highest magnitude of monthly dE/dt (mm/year), in a 
particular month, i.e., in Jan (-2.39), Jun (-3.85), Jul           
(-2.17) and Dec (-2.15)  has been observed at 
Rajamundry; in  Feb (-2.07), Mar (-2.75) , Sep ( -2.92), 
Oct  (-2.53) and Nov (-1.64) at Jodhpur ; in April  (-3.66)  
at Hissar ; in May (-4.43)  at Akola and  in August (-2.46)  
at Buralikson. 
  

Monthly dE/dt values (significant at p > 0.95) and 
their contribution towards annual dE/dt at various 
locations in India are given in Table 3.  Significant values 
for the stations have been shown in bold and non 
significant in normal font. Values in bracket show per cent 
contribution. Although, the annual dE/dt values have been 
found significant for these stations, the monthly dE/dt 
values have not been found significant in all months. The 
number of months (out of 12) in which dE/dt values have 
been found significant varied from 12 to 3. At two 

locations (i.e., Pune and Pattambi), the dE/dt values have 
been found significant in all twelve months. At one 
location (i.e., Bhubaneshwar) it has been found significant 
in three months. In a particular month, the number of 
locations (out of 15) when dE/dt values have been found 
significant varied from 13 to 6. Maximum (13) numbers 
of locations have shown significant dE/dt values in 
January and minimum (6) number of locations in July. On 
an average, over India, the contribution of monthly dE/dt 
towards annual dE/dt ( mm/year), in the order of rank, is 
highest -2.08 (14.0 %) in May followed by Apr, Mar, Jun, 
Feb, Oct, Jul, Jan, Nov, Sep, Dec and lowest  -0.77 (5.2  
%) in Aug. 
  

The average monthly dE/dt values over India, in 
different months may be seen in Fig. 3. Using best fit 
curve technique the following non linear relationship has 
been obtained. This equation may be used to 
quantitatively estimate the average monthly dE/dt values 
over India, in any particular month; 
 

y  =   0.0008 x5 - 0.0243 x4 + 0.2719 x3 - 1.2338 x2 
+ 1.9249 x - 1.8736 

    ( r = 0.94 , Se = 0.16 ) 
 
y  =     average monthly dE/dt (mm/year) over India. 
 
x   =     month number (1 to 12) 

  
The average cumulative dE/dt values over India, in 

relation to different months and its contribution (per cent) 
towards  average  annual  dE/dt  over India may be seen in  

Y  =  0.0008 x5 - 0.0243 x4 + 0.2719 x3 - 1.2338 x2 + 1.9249 x - 1.8736
( R = 0.94 , Se = 0.16 )
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Fig. 4.    Monthwise progress of average cumulative dE/dt (mm/year) and its contribution towards average 
annual dE/dt (per cent) over India (1971-2000)    
    

 
 
Fig. 4. Using best fit curve technique the non linear 
relationship has been obtained. The following equation 
may be used to quantitatively estimate the average 
cumulative dE/dt values over India (mm/year) upto any 
particular month; 
       

y  =  0.061  x2 - 2.083  x + 1.51    
(r = 0.97 ; Se = 0.50) 

 
y  =  average cumulative dE/dt (mm/year) over 

India, 
 
x   =     month number (1 to 12) 

 
The following equation may be used to 

quantitatively estimate the contribution (per cent) towards 
average annual dE/dt over India, up to any particular 
month; 
                  

y  =  -0.407  x2 + 13.977  x - 10.08                                 
(r = 0.97 ; Se = 3.20) 

 
y  =  contribution (per cent) towards average 

annual dE/dt over India, 
 
x   =     month number (1 to 12). 

4. Conclusions 
 
(i) The mean annual pan evaporation was found to be 
the lowest (1107 mm) at Buralikson and the highest  
(3004 mm) at Rajkot.  
 
(ii) The highest C.V. (11%) was observed at 
Rajamundry, Jodhpur, Buralikson and Nellore while the 
lowest C.V. (2%) was observed at Ambikapur. 
 
(iii) Out of twenty locations, significant decreasing trend 
in annual pan evaporation was observed at fifteen 
locations and no significant trend at five locations. 
 
(iv) The annual dE/dt values varied from -6.27 (Canning) 
to -29.30 (Jodhpur) mm/year. The average annual dE/dt 
over India was found to be -14.90 mm/year. Linear 
relationship was obtained to quantitatively estimate annual 
dE/dt, at a given location, using pan evaporation range. 
 
(v) On an average, over India, the contribution of 
seasonal dE/dt towards annual dE/dt (mm/year), in the 
order of rank, is the highest -5.63 (37.8 %) in season 2 
(March-April-May), followed by -4.31 (28.9 %) in     
season 3, -2.89 (19.4 %) in season 4 and lowest -2.07 
(13.9 %) in season 1(January-February). 

        Y  = 0.061  x2 - 2.083  x + 1.51
(r = 0.97 ; Se = 0.50 ) 

Y  = -0.407  x2 + 13.977  x - 10.08
(r = 0.97 ; Se = 3.20 )
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(vi) On an average, over India, the contribution of 
monthly dE/dt towards annual dE/dt (mm/year), in the 
order of rank, is the highest -2.08 (14.0 %) in May, 
followed by Apr, Mar, Jun, Feb, Oct, Jul, Jan, Nov, Sep, 
Dec and the lowest  -0.77 (5.2  %) in August. 
 
(vii) Non linear relationships were obtained (a) to 
quantitatively estimate the average monthly dE/dt values 
over India, in any particular month (b) to quantitatively 
estimate the average cumulative dE/dt values over India 
(mm/year) up to any particular month and (c) to 
quantitatively estimate the contribution (per cent) towards 
average annual dE/dt over India, up to any particular 
month. 
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