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Evapotranspiration (ET) is a descriptive term for t he sum of evaporation and plant transpiration
from the earth's land surface to the atmosphere. Po  tential evapotranspiration (ET g)is important in
irrigation system design, irrigation scheduling and for studies in drainage and hydrology. This
study sought to compare different ET estimation met hods to measure E(pan). Reference
evapotranspiration was estimated from meteorologica | data that were collected from the Institute of
Agricultural Research (IAR) in Kano State, Nigeria. The evaluations were carried out using ET , from
Pan Evaporation and from empirical formulae, namely  , (1) Modified Penman, (2) Thornthwaite, (3)
Blaney-Criddle and (4) Penman-Monteith methods. A s  oftware-based ET , calculator was used to
implement the Penman Monteith equation. The results were tabulated and comparisons were made
between the methods and between the years using ana  lysis of variance (ANOVA) and regression
analysis. From the ANOVA, there was a significant d ifference between the methods of evaluation.
The correlation coefficient (r) between Modified Pe nman and Pan Evaporation gave better
estimation with high correlation.

Key Words: analysis of variance, Blaney-Criddle moet, correlation coefficient, evapotranspirationpdified
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INTRODUCTION available for evaporation and the ability of thevéw
atmosphere to transport evaporated moisture aveay fr

Evapotranspiration is defined as the total quantify the land surface in agriculture; this is called the crop
water used by the vegetative growth of a given aregpefficient. Potential evapotranspiration and ppiation
through transpiration and the build up of plansuis, and are used in irrigation scheduling (Derek 1998).
the total quantity that evaporated from the adjaseitin ~ According to Rattantal (2006), the rate of watetalp
an area at any specified time period. Therefore, that would sustain normal plant growth at any time
includes the water removed from the soil by traratjtin ~ depends not only upon soil water status but alsm tpe
and evaporation (Modi 2000). atmospheric conditions. These conditions deterntiiree
Evaporation accounts for the movement of water t§vapotranspiration demand. However, plants absorb
the air from sources such as the soil, the Can(bpyges water from the soil to maintain their turgldlty arde
and bodies of water. Transpiration accounts for thable to meet the actual evapotranspiration demand.
movement of water within a plant and the subsequent The modification of the Penman method introduced
loss of water as vapor through stomata in its Isdweo by Doorenbos and Pruitt (1977) started from the
the atmosphere. assumption that evapotranspiration from the grdss a
Potential evapotranspiration (ETis a representation largely occurs in response to climatic conditioBsort
of the environmental demand for evapotranspiratiod 9rass — being the common  surroundings  for
represents the evapotranspiration rate of a shesng agrometeorological observations, it was suggested t
crop that completely shades the ground, has uniforfi€ €vapotranspiration from 8- to 15-cm tall grass,
height and has adequate water status in the soiilepr Water shortage, be used as a reference insteageof o
(Penman 1948). ETis a reflection of the energy Water. The main changes in Penman’'s formula to
available to evaporate water, and of the wind abéél to Compute  Potential —evapotranspiration ETwere
transport the water vapor from the ground up iheolow concerned with the short-wave reflection coeffitien
atmosphere. This demand incorporates the enerdgPproximately 0.05 for water and 0.25 for graaspore
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sensitive wind function in the aerodynamic termg am  12able 1. List of equipment and their functions.

adjustment factor to take into account if locahwtic / Inst I Descripti Measured
conditions deviate from an assumed standard. Th&" 'Msfumen escription Parameter
adjustment was mainly necessary for deviating ; Anemometer  Cup anemometer Wind speed

combinations of radiation, relative humidity, andyd

night wind ratios; relevant values can be obtained from a 2 E;/ra]lporanon Stainless steel Evaporation
table in Doorenbos and Pruitt (1977). 3 Sunshine Campbell-Stokes Sunshine
This study identified the best method of estingatin recorder recorder duration

evapotranspiration to determine crop water requirgsy 4 Thermometers Wetl/dfy %Ulb mercury ¥'aX/min
in the semi-arid area of Kano State, Nigeria. In glass thermometer  Temperature

5 Rain gage Tipping bucket rain Rainfall
gage
MATERIALSAND METHODS State, Nigeria. The IAR has been recording weadlada
for the past 30 yr in the Kano area using several
Description of the Study Area equipment fig. 1-9. The data were taken every day

Kano State in Nigeria (£159"E longitude, 8 30"N ~ manually and recorded in the metrological data biopk
latitude), located within the savannah region ofi@u the staff of IAR.

and having an average altitude of 486 m, has an

abundance of fertile land. According to the Natlona

Population Commission, Kano has a population ofr ov
9,383,682, over 70% of which are engaged in agticail
activities (Habib 2006).

The state has 14 dams and an area of over 90800
under cultivation. The main crops of Kano includdg,
groundnut, garlic, cotton, guinea corn, millet, negirice,
cowpea, wheat and vegetables such as tomatoesgrper|
onions and cabbage. The southernmost area
characterized by the northern Guinea savannah fzend
northernmost section by the Sahel thorn shrub. Stae
has the tropical wet-and-dry type climate with tigkly
wide and rapid changes in temperature and humitfig.
mean daily maximum and minimum temperatures are 31
°C and 21 °C, respectively.

The year is divided into well-marked rainy and dn
seasons. The dry season lasts from October to Ju
During the months of November and January, tH§
Harmattan (dry north-easterly winds) is at its heig
blowing thin dust over the state from the Saharaeite
During this time, temperatures may drop to as levi%f
C. From March to May, however, the dry cold aifs
humidifies and changes to beamingly hot air witl
temperatures rising more than 40 °C.

Rainfall is concentrated between July and Septembe
with maximum and minimum amounts of 214.0 mm and
132.7 mm, respectively. The rains are preceded by
violent dust streams followed by tornadoes mainlyirty
the months of May and June. The average annudhlain
is 884.4 mm, about 60% of which falls in July and
August. Average rainfall varies considerably froeayto
year, ranging from 635 to 889 mm.

Fig.1. Cup anemometer. Fig. 2. Class A Pan
Evaporation.

Fig. 3. Sunshine recorder.  Fig. 4. Max/min
thermometer.

Data Collection and M easurement | nstruments ; SR
The different climatic parameters were measuredgusi Fig. 5. Tipping bucket rain
various instrumentsi@ble J). gauge.

The data were collected from the meteorologic@l ur
of the Institute for Agricultural Research (IAR),aKo
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Several methods have been developed across thbere ET, = potential evapotranspiration (mnf)d
world to estimate evapotranspiration which is mostl Kyan= pan coefficient (0.7)
location-specific and requires some calibrationobef Ey,,= measured pan evaporation
application in an area. Among the methods that were

selected are as follows: Penman-M onteith (Software ET, Calculator)
[Path menu 1 ]
Blaney-Criddle Method Main menu A oo
The Blaney-Criddle (1950) equation is as follows: . = CTL T
1
port climatic data from file 1| Update Station characteristics
ETo = p (0.46Tsean 8) S e | 1™ [Upaate vangs e :
%ﬁ — ™ Meteorological data limits menu
where Thean= mean monthly temperature in °C teocaememe S 1 | e
P = mean monthly percentage of maximum possible di|=e=e=e HN s p VG
time hours of the year 31, DS EGRET “
RS [ et mens
Tmean[oc] = (Tmax+ Tmin)/ 2 Feport msnuﬂ——:;&:‘a‘?ﬁ""s o
Thornthwaite M ethod
The Thornwaitg1948)equation is as follows: Fig. 6. ET, calculator interface.
E=16 1(I)a ET, calculator is a software for estimating potential
= 16.¢ | evapotranspiration based on the Penman-Monteith
equation.

where E = Potential evapotranspiration in mm/month 0408A(R,—G j.+],%;_-_ (e_p
t = mean monthly temperature in °C ET, = '1 ——= T2 =
| = ‘heat index’ for the 12 mo in a year, given by Atyil+032U,
=i =% Ly ET, = Reference evapotranspiration [niihd

5 R, = Net radiation at the crop surface [M3Jif]

— Qqi ; 201

(i being heat index for month in a year); G = Soil heat flux density [MJffu"]

a=6.75%10713%- 771x10°1 2 + 1792x102] +0.49239 T =Mean daily air temperature at 2 m height [°C]
U,= Wind speed at 2 m height [fis
M odified Penman M ethod e; = saturated vapor pressure [kPa]
The modified Penman (1948) equation is as follows: ~ € = actual vapor pressure [kPa]
e — g =saturation vapor pressure deficit [kPa]
ETo =WR, +@-W)fU)(e ~e,) A = slope vapor pressure curve [kP&TC

. —— w = psychometric constant [kPa’
where ET, = Potential evapotranspiration for reference’ psy [ r

crop alfalfa in mm @
W = a weighting or weightage factor which
dimensionless
= Net radiation in mm of evaporable water day
f (U) = a function of wind velocity
es = Saturation vapor pressure in mbar at the medy da
temperature
e,= Actual mean vapor pressure of the air in mbar

F ()= 0.07x (15 ) RESULTSAND DISCUSSION

._All these methods were compared with Pan evaparatio
'Sheing the only direct measurement of evapotranspira
available at the time of data collection. Again, thle
other methods of estimating potential evapotraaspin
were developed using weather parameters which may
differ between regions.

The results were obtained from the estimation of
evapotranspiration using the five methodsl{le J to
assess which of these could favorably estimatgiEan
arid area with respect to Pan Evaporation. Pan
Evaporation estimates ETbased on daily measured
evaporation were multiplied by the pan coefficiefhis
parameter served as the basis fog EStimation because
ETo = KpanX B it was a direct measurement, and therefore, iessprted
o pan an

where U is wind speed in kni'fat a height of 2 m above
the ground.

Pan Evaporation Method

The potential evapotranspiration from Pan Evaponais
as follows:
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Table 2. Estimated monthly ET, (mm d™) for different methods.

Penman- Blaney- . Modified

Month ET, Pan Monteith Criddie Thornthwaite Penman
January 6.3 2.6 4.6 1.8 7.3
February 6.6 2.9 5.2 2.9 7.2
March 8.0 3.3 5.8 5.1 7.4
April 8.0 3.9 6.4 9.2 7.3
May 7.5 4.3 6.5 8.0 8.1
June 5.6 4.4 6.2 5.6 7.4
July 4.5 3.7 5.8 4.1 6.0
August 3.3 3.8 5.7 4.0 55
September 4.0 3.9 5.7 4.7 6.4
October 4.2 3.4 5.5 4.8 6.8
November 4.7 2.9 5.2 3.7 7.4
December 55 2.6 4.8 1.9 7.2
Average 5.7 3.5 5.6 4.7 7.0

the amount of water evaporated from the land amd tt-
plant surface.

A comparison of the five methodsig. 7) shows that
Thornthwaite had the highest Eih the month of April
and had the least in January. The wide range of E
values estimated by Thornthwaite was a result ef tr
temperature dependence of this method; the pattern of the
graph Fig. 8 agrees with this statement. Thornthwaite
and Blaney-Criddle, being temperature-based, have |
value for ET at 0 °C. It shows one major limitation of
the two methods. However, in the semi-arid region:
temperatures could rise as high as 40 °C and sbddel
drop to almost freezing point at night, but thisdibion
would not limit the application of Thornthwaite lpese
these two extreme conditions were rarely observed.

ETo (mm/day)
O N WER o~ W o
\(ﬁ

= e FTO Pan
;ﬁ penman onteth

L4 Blaney-Criddle

== Thornthwaite

)

Modified penman

January
February
April
May
June
July

Septembe
Novembe
Decembe

Months

Fig. 7. ET, of various methods.

45
Comparison of ET, Means between Months Using *°
ANOVA and Correlation Coefficient (r) >
The monthly averages of the evapotranspiratiomesés >
obtained by using all five methods were tested veith z;

randomized complete block design (RCBD) where eac ETe (Thornthwaite)

method was taken as treatments and the month alsblo *
A mean separation procedure was done to verify o7 /\_’_\
differences between the different methods of edtoma  ° |
Therefore, the methods which have significant ages 0 . o
with the results of the Pan Evapotranspiration,(B&n)
could also be used satisfactorily to estimate gakn
evapotranspiration for the study area (Fig. 9). Theig. 8. Variation of ET, between Thornthwaite method
estimation of evapotranspiration using pan, neeas P and temperature.
evaporation data, average relative humidity anddwin
speed to calculate the Pan coefficient, and in ¢hise governed by many factors. The correlation coeffitig)
based on earlier conditions, the Pan coefficierpaly also pointed out that Pan Evapotranspiration hadowe
was 0.7. correlation with all the methods except Modified
ET, was estimated using various methods and théPenman, which had a good correlationf 10.578 (Fig.
compared with Pan Evapotranspiration. The methodk)). This finding concurs with those of Ali-Akbana
used were EJ Calculator (Software based on PenmanTabari (2010).
Monteith), Blaney-Criddle, Thornthwaite and Moddie The Thornthwaite and the Blaney-Criddle methods
Penman. Based on the results of ANOVA, no significa considered only temperature as the main weatheregit
differences were found between the methods as thme their equations. Hence, the result gave a reiab
calculated F value (0.1389) tested not signific@n$%, estimate under dry conditions for semi-arid aredse
while at 1% level of significance, it was signifitaThis calculated evapotranspirationshould therefore be
result is not far from the fact that ETs a process regarded as only a broadly accurate rather tharcse

5

Tempt.

2 3 4 5 6 7 8 9 10 11 12

Months
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- CONCLUSION

. yai Modified Penman also gave a good estimate in the-se
. — | Ay arid region because it showed a good correlatiorf of
T . / N\ 7 0.578 with Pan EJ It gave a better estimate because of
£, N pantvanoration  the many variable determinants. This result maythee

reason for its high efficiency in the arid regiottsalso
concurs with the findings of Ali-Akbar et al. (2010
The Thornthwaite and Blaney-Criddle methods
estimated EJ well compared with Pan ETexcept that
1 they failed at two extreme conditions: at 0 °C anigh
temperature (>35 °C), because they were based on a
single weather element. Modified Penman overeséthat
Fig. 9. ET, variation between Pan Evaporation and  Wwhile Penman-Monteith undersestimated, Ebmpared
Thornthwaite. with ET, Pan, therefore, the Blaney-Criddle and
Thornthwaite methods may be recommended for use in
the semi-arid regions for any irrigation design and
Py schedule.

Thrn b

——linorntnwaite

S SR R SUR S
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