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Abstract— Estimation of evapotranspiration has always
been regarded as an important phase of hydrological
cycle in different areas. Besids, dominant of this
phenomenon in some agriculture and civil domains such
as determination of plants water need, designi water
canals reveals and estimation of the main part of water
loss in dams backside duplicated the importance of this
phenomenon and its estimation. The precise Method in
estimating evapotranspiration is using lysimetric data,
but regarding the lack of this kind of data for regions,
experimental equations have been accounted as common
Method. in this research, 14 experimental Methods have
been used in estimating the potential evapotranspiration
of Qazvin. The main goal of this study after comparing
the result of empirical equations with pan measured
values is presentation of corrective equations using linear
regression Method for all equation and evaluation of
accuracy of these equations before and after revision.
Based on the result of this study, Blaeny-Criddle Method
in order to estimate the potential evapotranspiration of
Qazvin in Oct, Jul and Jun, and Romanenko Method for
Sep and Aug are suggested. Results of the corrective
equations showed that using linear regression Method
and presentation of corrective equations predominantly
increase the accuracy of empirical equations. So that
revised Thorenthwait Method with correlation coefficient
of 0.988 (R2= 0.988) obtained as the best corrective
equation and Jensen-Hais Method was specified as the
study area. In addition, after revising this equation and
obtained correlation coefficient of 0.868 (R2=0.868),
salient decrease of error percentage in all evaluated
months has been indicated.

Keywords--Potential Evapotranspiration, Thorenthwait,
Romanenko, Blaeny-Criddle, Corrective Equations, Qazvin.

I. INTRODUCTION

Evapotranspiration has major applications in agriculture
and civil engineering e.g. runoff prediction, designing
water canals, estimation of dams water loss, man-made
lakes water loss and else. With a rainfall level less than
one third of global average (Shakour et al, 2010) and a
three time evapotranspiration compared to global

average, the disadvantages of this phenomenon is evident
more and more in Iran. According to data from Water
Resources Organization of Iran, around 70% of the
rainfall during 2012 is inaccessible due to
evapotranspiration. Moreover, based on the researches
conducted by Kazemi, et al (2014) in a 20 years time
statistical period in Qazvin, the amount of potential
evapotranspiration in the first 8 months of the year was
announced as 4.9 times more than of the annually
rainfall. Othman, et al (2006) in Fokuawa japan
suggested that Thorenthwait result is very close to Fao-
penma-monteith Method. In a study conducted by chong-
xu et al (2001) in Canada on Rawson and Atikokan lakes
comparing the empirical Methods result with pan data
indicated the Blaeny-Criddle as the best Method of
evapotranspiration estimation in the lakes. In addition
revised equations of Blaeny-Criddle, Thorenthwait and
Hargreavse-Samani Methods with high correlation
coefficient towards pan data was suggested for
estimation of evapotranspiration. In southern California,
following a study on 4 empirical methods (Turc,
Thorenthwait, Makkink, Blaeny-Criddle) and comparing
them with Fao-Penman-Monteith as a source, Rao and
Castaneda (2005) suggested Turc method as the best
empirical relation, however, after equations were revised
by linear regression and corrective equations of these
relations were provided, results showed that following a
revision, all four methods contained a high accuracy (R%>
0.90). Kazemi et al (2014) in a similar and
comprehensive research in 16 years time statistical
period in Qazvin compared the result of 14 empirical
Methods with pan data and concluded that Romanenko
and Blaeny-Criddle Methods were the most appropriate
ones for annually evapotranspiration computation in the
study area.
I Materials and Methods
A. Characteristics of the study area

Airport station is located in Qazvin Plain at longitude 50
degrees and 0.03 minutes east and latitude 36 degrees 15
minutes north and height from sea level to 1279.2 meters.
The average annual rainfall (1992-2012) of the station is
323 mm and the amount of evapotranspiration potential
in the first 8 months of the year (1992-2012) is 4.9 times
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the amount of rainfall annually. The average number of
frost days during the study period has been recorded 83
days. The average maximum monthly temperature (1997-
2012) of August is 35.48 ° C and the average minimum
monthly temperature (1997-2012) of February is -3.06°
C. The highest average monthly evaporation (1997-
2012)recorded is in June with 312.09mm and average
minimum monthly evaporation records (1997-2012) in
the first eight months of the year is in November with
61.62 mm.
B. Methods

Estimation of evapotranspiration has always been
important in hydrological cycle and using lysimeter is the
most accurate Method in this estimation, however this
Method is time-consuming and costly which is considred
as its shortcomings. The most common Method for
determining the best empirical equation in aspecific area
is using lysimeteric data; however in the loss of this
method Fao-pnman-montieth is suggested (Fao 56-1999).
Since many of the empirical Methods compute the
potential evapotranspiration and there is the lack of
lysimetric data for all areas, comparing the empirical
Methods output with pan data has been prevalent
nowadays. In the first step of this study, by using 14
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empirical Methods evapotranspiration for the study area
has been computed monthly, in second step, with
comparing the output and pan data, the best empirical
equation has been suggested for each month. In the third
step, by obtaining the corrective equation and correlation
coefficient for the equations the best corrective equation
and their priorities for usage has been represented. In the
fourth step, in order to determine the best Method,
relative error obtained from the equation below:

BTy

Error = ( - 1) » 100 (1)

AAnw

In this equation, Error is that of each method compared
to pan data on percent basis, ETm is the amount of
evaluative evapotranspiration using empirical methods
on millimeter basis in a month and ETpan is the potential
evapotranspiration on millimeter in each month. Finally,
corrective equations represented in linear regression. In
table (I) regional parameter average in a 16 years times
statistical period (1996-2012) for the study area is
observable.

TABLE I. Regional Parameter Average in 16 Years Times Statistical Period (1996-2012) For The Study
T T Tl wimm AN Rt WedSwed  Bxmwnew e

Temperatire  Temperabire Pas Sib. le Hem Relatve at 2m Fadistion Radiation

Month 0 ¢ 0 Sunshine Hunudity Height () (am.day) [y day)
Ayml ] g I31% 750 FEEK] 20E 1353 ITET
Ilayr 2428 234 14.10 8.59 3487 262 1544 1268
June 3124 1363 1443 11.1a 440 2.56 1677 13.68
July 3520 17.30 14.40 11.47 4299 258 1655 1238
Lngust 3548 1788 1353 11.54 41.00 240 1504 1182
Septerber 3228 14.66 1240 1071 4213 239 1300 10.15
Oictober 2673 10.31 1128 .03 4533 224 1017 189
Herveraber 1744 488 1023 f.54 S808 225 .68 B2
Decernber 1023 -0.19 268 237 f3 a0 225 645 307
Janmary 545 305 096 520 6613 226 7.00 564
February 108 306 1023 261 6593 2.54 221 221
Ivlarch 1364 0.e 1189 663 5417 221 1175 945

Area

Il. Results and Discussion
As it was mentioned before, in this study 14 empirical , Irmak 1, Irmak 2, Blaeny-Criddle, Fao-penman-
Methods was used for computing the evapotranspiration monteith, Makkink, Penman-monteith.
which follows as below: Table (II) shows the result of all these Method and
measurement pan data in each month.

Penman-Fao, Jensen-Hais, Thorenthwait, Linecar,
Romanenko, Priestly-Taylor, Turc, Hargreaves-Samani

TABLE II. Result of all these Method and

measurement pan data
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Ivlethod Tvlonth Epr Dhlay  Jun Jul Aug Sep Ot Mo
Pereran-Fao oz 131 1231 1921 122 1451 =935 48
Terser-Hais 2o24 3TE1 4894 5309 4937 3909 2549 1465
Thorenthorait 412 790 1436 1642 1586 1141 737 229
Lirecar 1602 1995 2815 3324 3444 2004 2200 1426
Fomanenko 1120 1420 2258 2685 2836 2440 1864 087
Priesfly-Taylor 007 1298 1821 1894 1742 1335 731 336
Ture 942 1247 1237 1932 1900 1561 1005 534
Harg tedes-5 atoani 97 1473 2017 2177 2004 1404 1033 540
Irroak 1 921 1208 1358 1620 1547 1342 978 1
Trroak 2 1166 1354 1694 1707 1608 1319 866 539
BlaerseCriddle 1357 1270 2595 2952 2E20 2632 ILSEE 909
Fao-Perpnan-Mlonteith 1094 1352 1957 2132 2044 1865 1070 369
Ilakkirk 911 1132 151% 1551 1477 1222 858 490
Penman-Ivlonteith a3 1361 1874 2083 2009 lade 1104 624
Pan 24 1670 2658 3121 3033 2440 15377 6Alé
By using equation (1), relative error was calculated and it monthly results can be obtained. The summary of these
can be seen in table (I11). By comparing the measured result were represented in fig 1 and in table (1V).

value in table (1) and relative error in table (111), the best

TABLE III. Relative Error
MWionth Spr Ivlasr Jun Jul g Sep Ot Mo

method Error %% Error %% Emor % Emor %% Error % Eror %% Error %% Ermor %
Fenrnan-Fao 2722 -21.58 -31.0%9 -58.44 -40.00 -40.55 -435.57 -25.55
Jenzen-Haiz 254 25 12839 =24.21 Fo.10 a2.74 &0.17 &al.8d 13776
Thorenthwrait -42 .95 -52.70 -45.958 -47 5% -47 72 -55.23 -53.50 -535.07
Linecar 2440 1242 522 & .45 15.54 22.75 4519 151 .40 |
Romarenko 537.15 -14 9% -15.05 -15.684 -&.45 o.oo 15.17 al.zZ20
Priestly Taxlor 2228 -22.52 -31.47 -39.50 -41 .21 -45.28 -55 .85 -45 55
Ture 14 .35 -25.35 -30.2% -32.0% -37 38 -3a.03 -38.27 -13.38
Hargreaves-5arnari -15.48 -11.72 -24.10 -50.28 -535.95 -S54 .28 -54.52 -12.57
Irrmal 1 12.035 -27.20 -41.57 -45.10 -48 355 -45.01 -37.85 -5.84
Inmalk 2 41.55 -158.895 -58.18 -45.52 -47 01 -45.95 -45.0% -12.5a8
BlaenyCriddle a4 .68 11.97 -2.37 -5.41 -&. 74 -2.95 071 47 .47
Fao-perrman-monteith 3220 -12.08 -28.35 -31.70 -32.82 -31.78 -32.14 =770
Ivlalkluink 10.51 -32.21 -42 58 -50.50 -51.350 -45 92 -45 .85 -20.458
Penran-monteith 25.02 -18.52 -25.41 -535 .28 -55.77 -52.55 -50.00 1.27

350

Blaney-Criddle

Romanenko
300
Blaney-Criddle
250 Romanenko
200 Hargreavea-
Samani Blaney-Criddle

150

100 Penman-

monteith
50

Evapotranspration(mm/month)

Apr | May Jun | Jul Aug Sepi Oct | Nov
®pan 82.39 |167.03|265.76/312.09303.34/244.04{157.72 61.62
Mbest result| 91.05 |147.46/259.45/295.22/283.64{244.04/158.84 62.40

Fig 1 Comparing the Results of the Best Monthly Methods and Pan Data
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TABLE IV. Relative Error of the Best Monthly
Empirical Method Compared With Pan Data

Month The Best Method Percentage Error

At Ilakkink 10.51
Ilay HargreavsSamani -11.72

Tun Blaeny-Criddle 237

Il Blaeny-Criddle 54l

Aug Romanenko -f.49

Sep Fomanenko 0.00

Ot Blaeny-Criddle 0Tl

Mo Perm an-Ilonteith -1.27

According to table (IV), in Jun, Jul and Oct, Blaeny-
Criddle Method with 2.37, 5.41, 0.71 percent, showed the
lowest error respectively and in Aug and Sep Romanenko
method with 6.5 and O percent represent the best results.
Moreover, in Apr, May and Nov with 10.51, 11.72 and
1.27 percent, makkink, Hargreavse-Samani and penman-
monteith indicated the closest results comparing with
measured values.

A. Measurement of methods and providing corrective
equations

Results from all methods were compared with pan data in
former sections. In order to find the relation between pan

data and results from empirical methods studied, and
provide corrective equations, linear regression is used:

www.ijtra.com Special Issue 28 (August, 2015), PP. 24-32

¥ =mX+¢c ()

Where, Y is corrective amount of utilized Method, X is
empirical methods outputs, m is slope of each diagram
and c is the constant representing intercept for any
corrective evaluation.

Results from a linear regression analysis to evaluate
relation among the amounts obtained by empirical
methods and pan data are presented in fig 2.
Additionally, in table (VI), corrective equations for all
relations, correlation coefficients (R?) and finally, the
priority to use corrective relations are provided. As
indicated in table (V), using linear regression Method for
evaluating the relationship between empirical Method s
with pan data and obtaining corrective equations is an
important Method for increasing the accuracy of
empirical Methods. For example, according to table (111),
Thorenthwait Method in its best monthly result showed
50 percent error but after the revision of this equation
with linear regression, revised Thorenthwait Method with
correlation coefficient of 0.988 was changed in to the
best equation for computing potential evapotranspiration
in the area studied and it was also specified better than
Methods such as Blaeny-Criddle and Romanenko. Table
(V1) indicates of the corrective equations and table (VII)
shows the error values of these equations.

350 350 350
g a0 z g | 2300 P
=
g 250 - g =0 < g 250 -
E 200 200 E 200
E 150 */® E 150 ? WA . E 150 /‘/
E 100 3 % 100 o z 100
Pl —9/ = 80 Sl I
] 0 = 0 : : ) = 0 r : : ,
0 100 200 200 0 400 00 0 50 100 150 200
ETpp (mm/month) ET jy (mm/month) ET 1w (mm/month)
350 50 350
—. 300 g a0 )L g w0 -
E 0 f E 250 ’6 g 250 . 4
E 200 ‘ M0 E 200
E 150 ; E 150 e E 150 ? 3
= 100 Z 100 = 100
E s & " HE 0 ¥ ¢
= ' ' ' ' R : =
0 100 200 300 400 0 200 200 0 50 00 150 200
ET g (mm/month) ET gy (mm/month) ET py (mm/month)
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350 30 350
2 300 /: % 300 z’ E 00 ?
E 250 /‘ = 0 5 E 250 o
£ 200 /’/ E a0 200 7
E 150 = E 150 /‘/ L EISD »/®
< 100 7 100 Z 100
* % /
E 50 ’/ : 50 - : s <
&0 . . . . . H oy , , , B . . . .
0 S 100 150 200 250 0 100 200 200 0 50 00 150 200
ET p(mm/month) ET g (mm/month) ET ; (mm/month)
350 350 350
g w0 3:_ g w0 'f g w0 f
g 250 < g 250 } g 250 7
E 20 E 20 E om
E 150 & * E 150 "‘/ E 150 9/‘
~ 100 = 100 = 100
*
5 o g0 20 o
~JrY R 5 %
0 50 100 150 200 0 100 200 300 400 0 100 200 300
ET p (mm/month) ET g (mm/month) ET ppy (mm/month)
350 350
300 7 g ‘f—
£ 20 o2 250 -
: y : hd
g 20 E 200 /‘
E 150 »/® E 150 S
= 100 " 100
*
E 50 Q/ ¢ E 50 Q/
=
0 50 100 150 200 0 S 100 150 200 250
ET pp (mm/month) ET pp (mm/month)
Turc method; HR= Hargreaves-Samani method; 11=
Figl. Determination of Corrective Equations Irmak 1 method; 12= Irmak2 method; BC= Blaeny-

Regarding Empirical Method and Pan

Fig 2.

PF= Penman-Fao method; JH= Jensen-hais method; TW
= Thornthwaite method; LR= Linacre method; RM=

Romanenko method; PT= Priestly-Taylor method; TR=

Criddle method; FPM= Fao-penman-monteith method;
MK= Makkink method; PM= Penman-monteith method.

TABLE V. Presentation of corrective equations and correlation coefficients
Prioritsy Methods Correction equations Rz
1 THORWTHWAITE v=18206x +15 3538 09%E
2 BLAWNEV-CRIDDLE ¥=129035x -é6. 408 09202
3 LINEC AR v=12274x - 10593 09612
4 HARGREAVES SALANI v=135057% -12.053 09354
3 TURC v=1%106x - 49091 08533
& PENMAN-MONTEITH v=12148x% -67 663 0932
7 ROMANENED v=13125x -57.206 09355
2 FAO-PENMAN-MONTEITH v=16786x - 50089 09347
o IRMAK 1 v=25265x-1113 08102
10 MMAREINE v=24159x - 77 362 022241
11 PENIAAN-FAC v=17424x - 34 .56 08744
12 JEHNSEN-HAIZE w=067353x-51.295 0268
13 PRIESTLY-TAYLOR v=15739x-1.1306 02238
14 IRMIAK 2 v=200%98x - 538 362 07454
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TABLE VI. Result Of Corrective Equations

Iionth |
C otrection equations Apy hiawy Jun Jul Aug Sep Ot How
Penroan-Fao I4=07 9= a7T i T 0021 AEL SA ATEE 121 .0A 45 58
Jensen-Hais 145 55 20331 2T 32 30613 22108 21188 120.3A 47 35
Thorenthwait a0 .97 1a0.02 TR0 31594 305664 22437 15029 R
Linecar a0 &a 132 964 233 5A 302.00 3la gl 2a1.7a 17514 6309
Formanenko 9111 12917 23317 296 55 31507 2a3.10 18T 42 7236
PriestlyeTaylor 15741 20309 28552 297 04 a2 11397 11397 5168
Ture 121 .44 176 28 22420 301 .60 05773 23406 1323 4715
Hargreaes-5 atmani 2622 20392 AES AR 303 A= 23 A4 22352 137 4A 6325
Trmalk 1 13647 193 38 28240 20793 22450 22776 13595 3561
Irmnalk 2 1702 21372 282350 28461 26471 206.76 11589 4003
Blaeny-Criddle 10889 17494 28841 31457 20849 23023 13858 3084
Fao-permar-monteith 13357 176824 2TE Aa 307772 20302 22047 120 58 45 38
Ivlaldind: 142 A1 19519 22349 207 39 27355 21 12021 41.02
Penrnar-raonteith 12530 17931 27270 31040 296 89 231.07 13269 45 58

TABLE VII. Error Of Corrective Equations

Lonth Apr Iay Jun Jul Aug SEp Oct Mow
Correction equations  Frords  Emor% Froor Error %, Error % Error % Error % Error %
Perrnan-Fao ATl 1385 T 5E] -BED -1054 el -2a0l
Jensen-Haiz Pl 2172 473 -131 -134 -1318 -2369 -23.16
Thorentloaait 10.42 -416é 4 A8 124 0.7 -E 06 -471 11.08
Linecar 10.04 -16.20 -0 EA 323 4.44 126 1105 1212
Rornarenko 10.58 -22.87 -10.01 -4.9% 387 1281 1283 17.43
FriestlyTaylor 21.05 2159 143 -452 -E04 -1434 S04 -1a.13
Taxe 4738 580 a5 -3.36 -2.51 -4.09 -1573 J25 48
Hargreaves-Samard 538 2212 749 077 -6.49 B4l -1285 285
Irmak 1 X 15777 .26 -4.54 -H.21 - AT -13.20 42
Irmiak 2 11344 2796 A.30 -381 -1273 -15328 -2a85 -lE9E
Blaeti-Criddle 3192 4774 1.00 0.20 -1.53 -197 -12.14 -17.46
Fan-penmar-rmonteith 6212 587 478 -1.40 -3.40 -5.97 -17.84 -26 36
Ilakkink; 73.09 17.46 293 -471 -1E4 -1011 -17.770 -33.44
Penman-monteith 5208 135 241 -0.54 -2.13 -5.31 -1587 -26.03

Tables (V1) and (V1) indicate that using linear regression
Method in obtaining corrective equation is an appropriate
Method and increases the accuracy of empirical
equations. For example, based on table (111), Jensen-Hais
Method in Apr with 254.85 percent error, showed the
worst result in comparing with other Methods, but after
revising this equation, error value for this month reachs
76.66 percent. Besides, after revision error value of this
Method in Jul reaches less than 2 percent.

Comparing table (111) and table (V1) indicate that after
revision, accuracy of empirical equations does not
increase in different months and even after revision
decrease of the accuracy is observed, sometimes. For

example, after Methods revision, Penman-Fao outputs in
Apr, Nov indicate error increase compared with before
revision and error decrease in other 6 months which
proves the positive application of corrective equations in
the most months. But in the case of Jensen-Hais and
Thorenthwait Method, after revision no increase error
was shown compared with before revision. In order to
show the positive impact of equations revision better, by
using linear regression Method of Jensen-Hais,
Thorenthwait Method compared with pan measured
values before and after revision are represented in fig 3,
4,
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3 4 5 6
H Jensen Hais
u C-Jensen Hais

Fig 3. Comparing Jensen-Hais Error Before and After Revision
in Comparison with Pan Data in the First 8 Months of the
Year

20
10 |
0 i
-10
_20 i
-30 -
40
50 |
0 ¥ Thorenthwalte
u C-Thorenthwaite
Fig 4. Comparing Thorenthwait Error Before and After
Revision in Comparison with Pan Data in the First 8
Months of the Year
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As indicated in fig 3, 4, after revision Thorenthwait and
Jensen-Hais Method showed increase of accuracy compared
with before revision in all evaluated months.

In another analysis of this research, by using tables (V1) and
(VII), the best corrective equations for each month can b
determined. Table (V1I1) represents these equations.

TABLE VIII.  The Best Corrective Equation
For Each Month

Month The Best Percentage
Correction Error
equations

Apr Hargreavse- 5.38
Samani

May Thorenthwait -4.16

Jun Blaeny- 1.00
Criddle

Jul Penman- -0.54
monteith

Aug Thorenthwait 0.76

Sep Blaeny- -1.97
Criddle

Oct Thorenthwait -4.71

Nov Hargreavse- 2.65
Samani

As indicated in table (VIII), in May, Aug, Oct, revised
Thorenthwait Method has the lowest error with 4.16, 0.76
and 4.71 percent respectively and in Jun and Sep,
revised Blaeny-Criddle Method with 1.00 and 1.97 error
percent indicated the best results compared with other
corrective equations. Besides, in Apr and Nov, revised
Hargreavse-samani Method with 5.38 and 2.65 error percent
is the best revised Method and in Jul, revised penman-
monteith Method with 0.54 error percent is considered as
the best result.
1. Conclusion
e In order to determine the best empirical equation in
the loss of lysimetric data, Methods output is
compared with pan data to compute the monthly
potential evapotranspiration.
e To compute potential evapotranspiration of
Qazvin, Romanenko and Blaeny-Criddle Methods
represented the best results so that with 0.0 and

0.71 error percent for Sep and Oct respectively has
the lowest monthly error compared with other
Methods.

According to table (I11), Blaeny-Criddle Method in
Jun, Jul, Oct and Romanenko Method in Aug and
Sep were suggested as the best Methods in
computing monthly potential evapotranspiration.
Besides, Makkink, Hargreavse-samani  and
penman-monteith Methods were suggested as the
best Method in  estimating  potentially
evapotranspiration in the area studied in Apr, May
and Nov respectively.

Jensen-Hais Method was the least appropriate
Method in  computing monthly potential
evapotranspiration and it is not suggested to use in
Qazvin. However, after revision, this Method
showed appropriate results in the most months so
revised Jensen-Hais Method with low error percent
can be used.

Revision of empirical equations through linear
regression Method and obtaining corrective
equations was considered an appropriate Method to
increase the accuracy in all empirical Methods.
Revised Thorenthwait Method with correlation
coefficient of 0.988 and revised Irmak Method
with  correlation coefficient of 0.743 was
determined as the best and the worst Method for
computing potential evapotranspirationof Qazvin
respectively.

It is suggested to compute  monthly
evapotranspiration values utilizing corrective
equations indicated in table (VIII). By using
summation values calculated, annually potential
evapotranspiration of the area studied was
determined.

According to the results of the present study shown
in tables (IV) and (VII1), it is suggested to estimate
monthly evapotranspiration in Apr, May, Jul, Jun
and Aug utilizing revised Hargreavse-samani,
Thorenthwait, Blaeny-Criddle, penman-monteith
Methods and in Sep, Oct and Nov utilizing
unrevised empirical equation like Romanenko,
Blaeny-Criddle and penman-monteith respectively.
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