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Estimation of Reference Evapotranspiration using

Cropwat For Kadam Watershed -

Sreenivasa Rao.G, Giridhar MVSS, Venkata Laxmi.K, Shyama M ohan

Abstract: Due to the overuse of available water resources, it
has become very important to define appropriate strategies for
planning and management of watershed. The objective for the
study is determination of reference evapotranspiration using
CROPWAT 8.0 software in GIS environment, which includes a
simple water balance model and one of the main component part
of the hydrologic cycle, which allows the simulation of crop
water stress conditions and estimation of yield reductions based
on well-established methodologies. This paper focused on the
estimation of reference evapotranspiration using Cowpat 8.0 .
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I. INTRODUCTION

CROPWAT is an irrigation management and planning
model simulating the complex relationships of on-farm
parameters the climate, crop and soil. The CROPWAT
facilitate the estimation of the reference evapotranspiration,
crop evapotranspiration, irrigation schedule and agricultural
water reguirements with different cropping patterns for
irrigation planning (Nazeer2009). The estimate of reference
evapotranspiration is an important in Crop water
requirement and development of irrigation scheduling.

The Penman-Monteith equation for computation of daily
reference evapotranspiration assumes the reference crop
evapotranspiration as that from a hypothetical crop with
assumed height of 0.12 m having a surface resistance of 70 s
m-1 and an abedo of 0.23, closely resembling the
evaporation of an extension surface of green grass of
uniform height, actively growing and adequately watered
(Allen et a. 1998). It is expressed as.
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0.4084(Rn=G)+V* G737 "2 *(€s—€a)
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Where,
ET,-isreference evapotranspiration (mm day-1)

R, is net radiation at the crop surface (MJ m?day™)
G issoil heat flux density (MJ m?day™)

T ismean daily air temperature at 2 m height (°C)
Upiswind speed at 2 m height (m s™)

€ is saturation vapour pressure (kPa)

e, isactual vapour pressure (kPa)

(es - e,) saturation vapour pressure deficit (kPa)

A is slope vapour pressure curve (kPa °C™)

y is psychometric constant (kPa °C™).

A+y*(140.34%uy)
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[1.STUDY AREA

The study area was taken as middle Godavari G- 5 Sub —
basin and is known as Kadam watershed. The middle
Godavari sub-basin lies between latitudes 18 °20° N and
19%25° N and longitudes 77 ° 36" and 79 ° 56 " East. The
study area consists of eight rain gauge stations such as
Gudihatnur, Utnoor, Indravalley, Khanapur, Neradigonda,
Boath ,Bazarhatnoor and Ichoda under old Adilabad
Digtrict. TS, India. Metrological data collected from RARS,

Jagityal, TS.
IH1.METHODOLOGY

Evapotranspiration is one of key essential parameters in the
hydrological cycle. It is calculated using the software
CROPWAT. The input for the computation of ET requires
metrological variables such as normal  maximum
temperature, minimum temperature, sunshine hours, relative
humidity, wind speed and rainfal. The metadata like
temperature was not available for the most of the stations
hence the common available temperature data was taken
into consideration. The metrological database has been
generated for 15 years on daily basis. Using the CROPWAT
software reference evapotranspiration was calculated for the
entire study area which uses FAO 56 Penman Monteith
method. The latitude and longitude values for the above
stations were collected and the geo reference points for the
same were registered and rectified in GIS software.
Reference evapotranspiration values have been exported to
GIS environment to build the topology. The raster layer
developed has the cell size of a 0.002 of reference
evapotranspiration. Reference evapotranspiration maps were
then prepared for overall study area on monthly basis and
yearly basis.

IV.RESULT AND ANALYSIS

The reference evapotranspiration (ET,) calculated using
daily data such as minimum-maximum temperature,
humidity, wind speed, bright sunshine hours for a period of
2000-2014 is used in the study. The input to the software is
given as daily data for each year and daily ETghas been
calculated which is extracted to output in the excel sheet
from the software. Table 1 shows the Daily Reference
Evapotranspiration (mm/day) for the Month of January
from 2000-2014. The monthly norma maximum ETgis
found to be 146.18mm in the month of April 2003 and
monthly minimum ET, of 68.53 mm in the month of Jan
2007 from the table 2. The maximum tota ET, is
1250.5mm/year in the year 2002 and minimum total ETg is
1119.13mm/year in the year 2008 and shown in the Table 3.
Some of the developed reference evapotranspiration maps
showninFig. 1to Fig.4
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Table 1 Daily Reference Evapotranspiration (mm/day) for the Month of January from 2000-2014
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Day 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
1-Jan | 225 | 237 | 229 | 200 | 227 | 253 | 221 191 |218 |218 | 193 | 210 | 1.36 | 255 | 221
2-Jan | 227 | 163 | 205 | 219 | 243 | 243 (211 | 169 | 210 | 211 | 213 | 1.36 | 1.61 | 233 | 217
3-Jan | 214 | 143 | 217 | 251 | 187 | 214 | 223 | 209 | 186 | 211 | 223 | 207 | 206 | 228 | 233
4-Jan | 222 | 210 [ 230 | 141 | 235 | 194 | 214 | 196 |192 |197 | 221 |220 | 219 | 265 | 223
5-Jan | 210 | 250 | 237 | 226 | 228 | 222 | 225 | 226 | 220 | 213 | 226 | 212 | 260 | 230 | 243
6-Jan | 210 | 246 | 223 | 217 | 234 | 247 | 225 | 229 | 231 | 204 | 219 | 198 | 265 | 280 | 2.38
7-Jan | 225 | 232 | 133 | 234 | 187 | 245 (212 | 219 | 216 | 199 | 222 | 211 | 255 | 233 | 247
8Jan | 218 | 258 | 199 |226 | 224 | 234 | 222 | 203 | 215|217 | 215 | 205 | 270 | 182 | 244
9-Jan | 228 | 271 | 238 | 213 | 233 | 233 | 226 | 210 | 235|233 | 223 |225 |266 |194 | 231
10-Jan | 244 | 263 | 253 | 203 | 226 | 231 | 231 | 218 | 233 | 239 | 241 | 216 | 192 | 228 | 2.32
11-Jan | 249 | 250 | 250 | 224 | 226 | 224 | 244 | 216 | 225 | 231 | 246 | 221 | 177 | 217 | 2.33
12-Jan | 249 | 272 | 249 | 221 | 233 | 220 | 249 | 227 | 230 | 231 | 249 | 223 | 224 | 235 | 1.87
13-Jan | 257 | 267 | 240 | 1.88 | 237 | 221 | 256 | 232 | 238 | 240 | 188 | 239 | 216 | 233 | 2.03
14-Jan | 2.32 | 278 | 247 | 1.83 | 251 | 220 | 245 | 228 | 234 | 230 | 143 | 235 | 212 | 247 | 230
15-Jan | 2.77 | 270 | 264 | 1.46 | 259 | 236 | 237 | 221 | 240 | 236 | 187 | 264 | 207 | 264 | 231
16-Jan | 246 | 2.73 | 259 | 221 | 261 | 260 | 235 | 219 | 234 | 238 | 235 | 254 | 214 | 278 | 252
17-Jan | 241 | 261 | 272 | 220 | 266 | 261 | 244 | 235 | 240 | 233 | 243 | 248 | 250 | 2.83 | 2.32
18-Jan | 2.76 | 273 | 271 | 235 | 274 | 225 | 252 | 200 | 239 | 261 | 248 | 234 | 252 | 265 | 2.13
19-Jan | 264 | 255 | 272 | 245 | 267 | 228 | 270 | 214 | 237 | 261 | 239 | 245 | 258 | 2.64 | 1.86
20-Jan | 264 | 273 | 258 | 266 | 276 | 221 | 2.85 | 240 | 246 | 253 | 238 | 253 | 2.38 | 248 | 2.28
21-Jan | 256 | 273 | 279 | 266 | 288 | 251 | 271 | 250 | 267 | 256 | 239 | 252 | 230 | 264 | 245
22-Jan | 284 | 279 | 275 | 266 | 3.05 | 264 | 282 | 251 | 280 | 250 | 233 | 244 | 244 | 244 | 251
23-Jan | 266 | 281 | 258 | 244 | 246 | 286 | 2.69 | 245 | 274 | 260 | 240 | 257 | 262 | 267 | 2.27
24-Jan | 254 | 265 | 297 | 276 | 230 | 1.61 | 281 | 227 | 204 | 262 | 254 | 275 | 254 | 232 | 1.58
25-Jan | 267 | 258 | 264 | 280 | 216 | 215 | 254 | 210 | 155 | 267 | 254 | 283 | 266 | 231 | 1.98
26-Jan | 287 | 272 | 291 | 289 | 1.88 | 240 | 244 | 258 | 229 | 282 | 249 | 272 | 250 | 1.61 | 252
27-Jan | 285 | 267 | 270 | 261 | 183 | 276 | 243 | 255 | 212 | 281 | 254 | 282 | 254 | 1.64 | 250
28-Jan | 291 | 259 | 265 | 290 | 262 | 217 | 235 | 256 | 250 | 277 | 257 | 277 | 256 | 1.52 | 2.62
29-Jan | 269 | 283 | 270 | 279 | 264 | 186 | 245 | 235 | 251 | 279 | 214 | 280 | 262 | 215 | 271
30-Jan | 280 | 243 | 260 | 2.78 | 225 | 228 | 255 | 1.68 | 245 | 288 | 243 | 289 | 252 | 250 | 2.70
31-Jan | 272 | 275 | 255 | 287 | 253 | 222 | 260 | 1.96 | 256 | 232 | 266 | 297 | 240 | 245 | 2.60
. Table2 M onthly Reference Evapotranspiration (mm/day) for years 2000-2014
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Table 3 Yearly Reference Evapotranspiration (mm/day) for the years2000-2014

Yearly Reference Evapotranspiration for the year 2000 to 2014
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Fig 1 Yearly Reference Evapotranspiration with value

of 1119.13 mm per day for 2008
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Fig 2 Yearly Reference Evapotranspiration with value

of 1250.5 mm per day for 2002
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Fig 3 Monthly Refer ence Evapotranspiration with value
68.04 mm/day for December
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Fig. 4 Normal M onthly Reference Evapotranspiration
with value 134.54 mm/day for the month of May

V.CONCLUSION

Reference evapotranspiration for the study area is computed
and reference evapotranspiration maps generated in GIS
environment for daily, monthly and yearly and this may be
useful for developing a rainfall-runoff modelling for the
study area for the years 2000 to 2014. Monthly normal
reference  evapotranspiration and yearly reference
evapotranspiration has been computed from the year 2000 to
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2014. During the study period maximum yearly reference
evapotranspiration is 1250.5 mm/day and minimum 1119.13
mm/day for the year 2008.
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