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ABSTRACT

In the present study the daily reference crop evapotranspiration (ET ) estimated from open pan
evaporation data for 52 widely distributed locations across India are compared with P-M estimated ET,.
The annual and intra-seasonal variability of ET, and the inter comparison of these two methodologies
has been carried out. Results showed that estimates of ET from open pan were always lower than those
of P-M and error range was d” 29% across locations. Calibration coefficients evolved from the present
study were found to reduce the errors considerably in ET  estimates.
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Efficient use of water resourcesin agro-ecosystems
of theWorld hasbecomeincreasingly important because of
rapid depl etion of water resources, industrial devel opment
and population increase, drought conditions, and
degradation of ground and surface water quality in many
regions. In many cases, evapotranspiration (ET), whichis
the sum of transpiration through plant canopy and
evaporationfrom soil, plant, and open water surface, canbe
the largest component of the hydrologic cycle. Improved
techniques are needed for accurate quantification of ET on
afield, watershed and regional scale to enhance efficient
use of water resourcesand sustai nability of agro-ecosystem
productivity and protect theenvironment and water quality.
Accuratequantification of ET iscrucial inwater allocation,
irrigation management, eval uating the effects of changing
land use on water yield, environmental assessment, and
development of best management practices to protect
surface and ground water quantity and quality.

Evaporation demand or potential evaporation is
projected to increase almost everywhere in the world in
future climate scenarios (IPCC, 2008). Thisisbecausethe
water holding capacity of the atmosphere increases with
higher temperatures, but relative humidity is not projected
tochangemarkedly. Asaresult water vapor deficitincreases
in the atmosphere as does the evaporation rate. Thus, the
processof evapotranspiration (ET) isof greatimportancein

present and future climates. Themeasurement of ET froma
crop surfaceisavery difficult and time consuming task.

Inspiteof the effortsof numerousscientists, reliable
estimates of regional ET are extremely difficult to obtain
mainly because of its dependence on soil conditions and
plant physiology, so that advancesin the knowledge of the
underlined interactions and its all round influence have
been few and far between. Because of its complexity, the
concept of potentialevapotranspiration (PET) has been
introduced, which islargely independent of soil and plant
factors but has shown dependent on climatic factors.
Temporal variations of PET and quantification of itstrend
can serve as a valuable reference data for the regional
studies of hydrological modeling, agricultural water
management, irrigation planning and water resource
management as demonstrated by Liang et al. (2010).

Potential evapotranspiration is defined as “the rate
of evapotranspiration from an extensive surface of 8 to 15
cmtall, greengrasscover of uniformheight, actively growing,
completely shading the ground and not short of water”
(Doorenbos and Pruitt, 1977). As the definition suggests
that the PET is for a grass reference ET . The concept of
reference ET isbeing used to avoid ambiguities associated
in the definition of PET (Jensen, 1974 and Perrier, 1982).
Reference ET refersto ET from avegetative surface over
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whichweather dataarerecorded and allowsto devel op aset
of crop coefficients to be used to determine ET for other
crops. By adopting reference ET , it has become easier to
select crop coefficientsandto makereliable ET estimatesin
new areas. The use of ET —crop coefficient approach has
been largely successful in obviating the need to calibrate a
separate ET equation for crop and stage of growth (Jensen
etal., 1990). Thereference ET estimated by FAO openpan
method was validated against the FAO Penman-Montieth
method for 52 locations spread across India.

MATERIALSAND METHODS

Weather data utilized in the present study were
collected fromthe M eteorol ogical observatories maintained
by 25 All India Coordinated Research Project on
Agrometeorology (AICRPAM) and 25Al1 IndiaCoordinated
Research Project on Dryland Agriculture (AICRPDA)
centers located across the country. Both the research
projects have 12 centersin common, thus making the total
number of locationsto 37. Datafrom 15 moreobservatories
maintai ned by IndiaM eteorol ogical Department (IMD) were
also collected and the geographical location of these 52
centers are depicted in Fig. 1. It could be noted from the
figurethat theselocationsfairly represent theentire country.
The reference crop evapotranspiration (ET ) has been
estimated using two approaches detailed bel ow:

FAO-24 Open pan (1977) method

Fig. 1: Locations selected for present study
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PET = KpEp

Where,

K,=pan coefficient

E,= measured Open pan evaporation (mm)

Pan coefficient ascomputed by Allen and Pruitt (1989) for

green and dry fetch is adopted in this study which is:

Green Fetch

K,=0.108-0.000331U,+0.0422In(Fetch)+0.1434In(RH,__)
-0.000631 [In(Fetch)]’[In(RH )]

Dry Fetch

K,= 0.61+0.00341RH,__ -0.00000187U,RH __
0.000000111 U (Fetch) +0.0000378 U, In (Fetch)
-0.0000332U,In(U,)-0.0106[In(U )] [In(Fetch)]
+0.00063[In(Fetch)]?[In(U,)]

Where U, isthe wind speed at 2 m.

In the present study, green fetch coefficients were
used during kharif and rabi seasons and dry fetch
coefficientsduring winter and summer periods. A fetch of 10
m during kharif and rabi periods and 100 m during winter
and summer periodswereassumed. Oncethe PET isestimated
onadaily basis, averagevalueswerederived on annual and
for the periodsof kharif (June-September), rabi (October -
December), Winter (January -February) and summer (March
-May). Inversedistanceweighted method isused to prepare
thespatial distribution of ET utilizing thedatafrom the 52
locations.

Theaccuracy of open panestimated ET, (OPET ) in
relation to P-M method (PMET ) was determined using
statistical toolslike root mean square (RM SE), mean bias
(MBE), mean percentage (MPE) errors and Index of
agreement (D-index) as

RMSE=[%(PMET -OPET )#n]°*
MBE=[X (PMET-OPET,)]/n
MPE ={ £(PMET -OPET )/ PMET ]100}/n
D-index=1-( XL, (OPET, — PMET,)*/
I, (IOPET, — PMET,avgl + IPMET, — PMET,avgl)?)

Where, n = number of observations, PMET = ET as
estimated by Penman-Monteith method, OPET = ET  as
estimated by Open pan. Whiledetermining MPE value, the
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sign of the errorswere neglected and the percentage errors
were added to cal culate the mean.

Calibration / adjustment coefficients

Majority of the Indian locations have only rainfall
and air temperature data. This necessitates for the
application of temperature based or other simple methods
like Open paninthe PET estimation. However, thesesimple
methods do not account major weather parameters which
affect thevalueof PET hence, local calibrationisnecessary.
The FAO also recommended that empirical methods be
calibrated or validated for new locations using the standard
FA O Penman-M onteith method (Smithet.al., 1991).

Allen et.al. (1994) suggested the use of following
relationat locationswith limited datato marginalized errors
as:

PET,,=b PET_or PET  =a+b PET,

Where,

PET , is Penman Monteith estimated PET

PETisPET estimated by temperatureor any simplemethod

The utility of this method in narrowing down the
errors in PET estimation by different approaches for a
coastal location of AndhraPradesh wasdemonstratedinan
earlier study by Rambabu and Rao (1999).

In order to improve the predictability of Open pan
estimates, calibration/ adjustment coefficientswereevolved
by linear regression technique with Penman-Monteith
estimate as dependent variable. The coefficient “a”’ values
indicate whether Open pan method is underestimating or
overestimating and coefficient “b” values (slope values)
indicatewhether the PET estimate by Open panisnearer to
Penman-M onteith estimates or not. The Open pan adjusted
PET values were again subjected to statistical analysis
using the approaches indicated above.

RESULTSAND DISCUSSION

Spatial distribution of average ET, (mm day™) on
annual basis as estimated by P-M method and Open pan
method are presented in Fig. 2 (a) and (b), respectively. It
could beseenfromthefigurethat Open pan (OPET ) values
arelower than PMET  for majority of thelocations. Highest
ET, values (6.5 to 8.5 mm day™) are noticed over Central
Rajasthan and lowest (2.5 to 3.5 mm day*) over Jammu &
Kashmir, Himachal Pradesh and Eastern partsof Assam and
Arunachal Pradesh. PET estimated by boththe methodsare
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intandem over Uttar Pradesh, Bihar, Jharkhand and Haryana
states.

During southwest monsoon season, OPET  values (2
to 3 mm day?) are lowest for Northeastern region, West
Bengal and eastern parts of Orissa and Bihar (Fig. 3 b).
Highest values are noticed once again over Central and
Western parts of Rajasthan. Southern parts of Tamil Nadu,
AndhraPradesh and Western partsof K arnatakaexperiences
high ET, values (5 to 6 mm day™). The reason being that
these areas receive most of annual rainfall from northeast
monsoon. ThePMET , valuesduring the northeast monsoon
season were found to be highest (4 to 7 mm day*) over
Central Rajasthan (Fig. 4 a). Compared to southwest
monsoon season, ET valuesestimated by boththe methods
were lower during northeast monsoon. Among all the
seasons, summer season ET values were found to be
highest over all regions of the country (Fig. 5). Estimates
from OPET during summer were lowest (2 to 3 mm day)
over parts of Northeastern region and highest (7 to 13 mm
day1) over Kutch, Southern parts of Rajasthan, Deccan
Plateau covering parts of Andhra Pradesh, Maharashtra
and Karnataka (Fig. 5 b). The estimates from PMET jwere
highest (7 to 13 mm day!) over Western parts of Gujarat,
Rajasthan and Southern end of Deccan Plateau (Fig. 5 a).

Winter season ET | rates were found to be lowest
among all theseasons(Fig. 6). OPET  estimateswerelowest
(1to 2 mm day?) for Northern parts of the country, Indo-
Gangetic Plains and parts of Northeastern states (Fig. 6 b).
Thereisageneral progressiveincreasein ET ratesestimated
by both the methods in the north to south direction. The
PMET  rates were highest (4 to 5 mm day™*) over Southern
statesof Karnataka, Kerala, Tamil Nadu and AndhraPradesh.

Ingeneral, OPET estimateswerefound tolower than
PMET  irrespective of seasons and regions. The per cent
deviation of OPET  estimatesfrom PMET  wereworked out
and the spatial distribution of this are presented in Fig. 7.
It could benoted from Fig. 7 that the deviationsare minimum
over Western Gujarat, North interior Karnataka and South
central of Maharashtra. Deviationswere at their maximum
over Eastern parts of the country, West Bengal, Eastern
parts of Bihar and over Thar desert.

Estimatesof OPET ,werecomparedwithPMET  using
statistical toolslikeMBE, MPE, RM SE, Pearson’ scorrel ation
coefficient and Index of agreement and the resultant
comparison presentedin Table 1. Thenegativevaluesof the
MBE indicatedthat OPET  estimateswerelower thanPMET



Vol. 15,No. 2 BAPUJI RAOeta 111

Yy,

55.85

B5-84

= :
[t et . ==
g N

W as-as

Fig. 2: Annual ETo (mm day™) as estimated by (a) P-M method and (b) Open pan method

Fig. 3: ETo (mm day?) during southwest monsoon season as estimated by (a) P-M method and (b) Open pan method
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Fig. 5: ETo (mm day) during summer season as estimated by (a) P-M method and (b) Open pan method
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Fig. 7: Mean per cent deviation (%) of Open pan from P-M

Tablel: Performance of Open pan estimates vis-a-vis
Penman Monteith estimates.

Season MBE RMSE MPE D-Index r
Annual -0.76 146 2845 084 071
Winter -0.52 095 2728 0.86 0.67
Summer -0.92 172 2435 081 0.69
Monsoon -086 162 3085 0.80 0.67
Post Monsoon -037 098 2641 083 0.74

in all the seasons. Among different seasons, the difference
narrowed-down to some extent during post-monsoon season
asindicatedlow MBE value(-0.37). HighRM SE and MBE
valuesfor summer seasonindicatethe disagreement between
thetwo methods during summer season. The M PE indicate
that, the errors could be in the range of 26 to 31% in using
Open pan method to estimate ET,. Low correlation
coefficientsand D-index val uesindicate that adopting Open
pan method may not give accurate estimates of ET  for
Indian conditions.

Adjustment with calibration coefficients

Calibration coefficientswereevolved by regressing
annual OPET, estimates for different locations on the
corresponding PMET  and theresultantsval ues are plotted
to depict the spatial variability acrosslocationsin Fig 8 a
and b. It can be noticed from the Fig 8 that thereis alarge
spatial variability. Then using these coefficient values the
annual OPET | estimates were adjusted and the resultant
adjusted values were subjected to statistical analysis. The
results of the analysis showed that the mean MBE values
from+0.661t0-0.13, RM SEfrom 1.82t00.83and MPE from
44.26t012.84. Thus, thereisconsiderablereductioninthe
errors associated with original (pre-adjusted) OPET,
estimates. It is suggested that employing calibration
coefficients may be resorted to have ET  estimates from
Open pan to as much closer to PMET as possible for
different locations and time periods.
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Fig8a: Spatial distribution of calibration coefficient ‘&

CONCLUSIONS

Reference crop evapotranspiration (ET,) estimated
by Open pan method are lower than Penman Monteith
method irrespectiveof locationsand seasons. On an average,
OPET estimateshavearound 29% error comparedto PMET .
Spatial variationsin deviationsin OPET from PMET jare
noticed. They are minimum over Western Gujarat, North
interior Karnataka and South central of Maharashtra.
Deviationswereat their maximum over Eastern parts of the
country, West Bengal, Eastern parts of Bihar and over Thar
desert. Based on different statistical tools used, it can be
concluded that Open pan method may not give accurate
estimates of ET for Indian conditions without a proper
calibration. Calibration coefficientsproposedinthe present
study were found to narrow down the errors considerable
and thismethod may beemployedto estimate ET from Open
pan with reasonable accuracy.
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