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Estimation of PET by various methods and its relationship with mesh
covered pan evaporation at Ludhiana
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ABSTRACT

Mash covered pan evaporation at Ludhiana was correlated with petential
evapotranspiration (PET) computed by using empirical methods of Thernthwaite {1 348},
Papadakis {1965), Jenson and Haise (1863) and Modified Jenson and Haise {19751
Weather data tor 30 years period from 1970 to 1989 for Ludhiana was used 10 work
out PET by various methods, Linear regrassion eguations were fitted betwaen monthly
PET by each mathad and the measured pan evaporation. Pan evaporation correlated
wall with monthiy PET having R? value of 0.84 for Papadakis method, 0.79 each for
Jenson & Haise and for Modified Jenson & Haise method, and 0.65 for Thornthwaits

mathod.
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The practice of intensive agriculture under
irnigated conditioins in Punjab state has resulted
in depletion of a considerable part of its water
resources for irrigation purposes. Further
expluoitation of water resources seems to be
limited. The judicious utilization of irrigation
water is the only way to increase the potentialities
of available resources to fulfil the increasing
demand for water in intensive cultivation.
Evapotranspiration {ET) is an important
parameter related to crop production, due to its
largely successful application in the economic
utilization and application of irmgation water as
per actual requirement of the crop (Rosenberg
er al. 1983), Trrigation practices adopted by the
farmers are generally uarbitrary and not
necessarily based on erop’s actual water needs.
Evapotranspiration is the main index of crop-
water requirements which needs to be estimated
on a scientific basis so that the required amount

of water can be applied to the crop at the proper
time, taking into account the effective rainfall
and trrigation efficiency.

The evaluation of potential
evapotranspiration (PET) by an empirical
method has great appeal because ET is estimated
without disturbing the plant and soil. Although
ET can also be estimated through Iysimetric
studies but its immobility and high cost restrict
its utility, The empirical formulae hold good at
the locations where they are developed. Such
methods can serve as tools to estimate the rate
of evapolranspiration. The paper discusses the
comparison of four empirical methods for
estimating PET and their relationship with mesh
covered open pan evaporation (EP).

MATERIALS AND METHODS

Weather data for 30 years périod i.e. from
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Table 1: Monthly values (mean + s5.d.) of mesh covered pan evaporation (EP) and potential
evapotranspiration (PET) computed by four empirical methods for the 1970-1999 period

al Ludhiana

Month EFP PET {mm)

Papadakis J&H Maodified Thornthwaite
Tanuary 484+ 87| 755+ 76| 516+ 67 644 + 144 1279 = 2.1
February 66.1 = 125 | 901 = 136 | 699 £ 9.6 8l1.1 =+ 10.7 202« 38
March 1155+ 202 | 1237 = 191 (1201 = 169 | 1314 = 174 546 = 100
April 2127 = 37.0 | 2094 = 293 | 1894 £ 18.] 1965 = 181 | 1422 = 21.1
May 3095 £ 62.0 | 2519 = 368 | 2456 £ 264 | 2484 = 257 | 2583 = 422
June 2740 = 385 | 2158 = 281 | 2423 £ 262 | 2447 = 249 | 2963 + 274
Tuly 1593 + 41.2 | 13606 = 237 (1944 + 306 | 196.6 = 306 | 253.9 = 230
August 1284 + 216 | 1258 = 194 [ 1790 + 229 | 1818 = 230 | 2244 = 18§
September | 1309 = 190 | 1546 = 199 | 1702 £ 224 | 1740 £ 215 | 1783 £ 167
October 121.0 £ 204 | 1730 = 17.7 | 1361 = 158 | 1557 = 166 | 1065 £ 99
MNovember 791 = 1453 | 133.0. £ 11.3 B4 = TR 026 £ B7 447 + 34
December 544 + 180 | 896 = 140 | 547 =+ 94 640 = 109 173+ 27

1970 to 1999 was collected for Ludhiana to
compute PET using various methods. The
monthly computations were made according to
the following empirical formulae.

Papadakis methad

PET =0.5625*% (e__-e_ .) * 10
(Papadakis, 1965)

where,

PET : Menthly potential evapotrans-piration
in mm

e : Saturation vapour pressure at mean

max

maximum temperature (mb)

€ ., - Saluration vapour pressure (mb) at mean
minimum temperature minus 2°C.
Papadakis reasoned that 2°C is the usual
difference between  minimum
temperature and dew point temperature.

Jenson and Haise method (J & H)

PET =(0.014 T, -0.37)* (R_=0.000675 *25.4)
(Jenson & Haise, 1963)

where,
PET
n mm

Daily potential evapotrans-piration
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T, :Mean lemperature in °F
R, : Solar radiation in ly day*

Modified Jenson & Haise method :

PET =0.012 *(T-153.4) * R‘s * 00171
{Clyma and Chaudhary, 1975)

where,

PET: Daily potential evapotrans-piration in mm
T : Mean air temperature in °F
R, : Solar radhation in ly day*

Thornthwaite method

e=1.6*(10T/Ip
{ Thornthwaite, 1948)

where,

¢ ¢ Unadjusted PET in cm/month

T : Mean air temperature in °C
12
I ¢ Annual heat index = 21
l
i : monthly heat indices 1 = (T/5)* "

‘a' is an empirical exponent computed by the
following expression

a= 0000000675 * I' - 0.0000771 * P+ 0.01792
= [ +0.49239

Unadjusted PET is further modified by
applymg adjustment factor k' for which table
values are given by Michael (1978)
PFET = k*e®ld
where,

PET : Monthly potential evapotran-spiration
in mm
k o Adjustment factor
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e . Unadjusted monthly potential evapo-
transpiration cm month

The relationship between computed PET
and mesh covered pan evaporation (EP) was
studied by regression analysis between PET
computed with each method (y) and mesh
covered pan evaporation (x). The evaporation
pan refers to USDA open pan which was covered
with a wire mesh.

RESULTS AND DISCUSSION
Variations in PET and EP

The lowest values of PET as well as EP
were obtained during the months of December
and January and the Highest values were obtained
during the months of May and June (Table 1),
Papadakis method estimated PET values very
close to EP. PET by the Thomthwate's method
exceeded EP for the months of June to September
and was lower for rest of the months throughout
the year. PET estimations for the months of
December, January and February were much
lower than EP in Thomthwaite's method whereas
the trend was reverse for Papadakis method,
which overestimated PET for winter months and
underestimated for summer months, Both Jenson
& Haise method and Modified Jenson & Haise
method also underestimated PET for the months
of April to June and overestimated for other
months of the yvear, Modified Jenson & Haise
method estimated comparatively higher values
of PET than Jenson & Haise method, the
differences being higher for winter months and
lower for summer months,

Relationship between PET and EFP

The linear regression relationships of the
form y = ax + b and y = ax developed between
PET computed with various methods and pan
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evaporation (EP) were as follows

Sr | Regression equation R’ Method
No
I |y = 06056 x +62.536 | (LB4 | Papadakis
y = 109286 % .51
2 |v = 07135 +43.72 0.79 | Jenson &
Haise
y = 0.9393 x 0.68
3 |y = 06834 x+ 534692 | 0.79 | Modified
Jenson &
Haize
y = 0.9659 x 0.61
4 [y = 0968 x - 3.0402 (L65 | Thornthwaite
v = 09280 x .65
where,
x . monthly pan evaporation (mm}
v+ computed monthly PET (mm)

In this study, the regression function of the
form v = ax + b between PET computed with
Papadakis method and pan evaporation (Fig. 1)
gave highest R* value (0,84} followed by JTenson
& Haise method (Fig.2) and Modified Jenson &
Haise method (Fig.3) (R*=0.79 each), whereas
the lowesl R? value was observed for the
Thornthwaite method (R? = 0.65) (Fig.4). Jadhav
et al, (1999} also studied similar type of
relationship between mesh covered pan
evaporation and PET computed with Doorenbos
and Pruit method. When our data was analysed
by regression through origin (y = ax), R* values
of 0,31, 0068, 0.61 and 0.65 were obtained with
Papadakis, Jenson and Haise, Maodified Jenson
and Haise and Thornthwaite methods,
respectively, which were lower as compared to
the R values obtained with regression analysis

[Vol. 4, No, 2

of the form y = ax + b. This difference indicates
that PET computation by various methods was
biased and this bias was positive when pan
evaporation was low while the bias was negative
when pan evaporation was on higher side of the
scale as depicted 1n Fig. l{a -d}. These
relationships can serve as a tool to estimate the
rate of PET from pan evaporation and hence
irrigation scheduling of various crops.
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