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Abstract
Trend analysis was performed for the long-term measured pan evaporation
and estimated pan coefficient for 4 meteorological stations during 1976-2011
in Togo. Measured pan evaporation was recorded at four meteorological stations in Togo for the global period of 1976 to 2011 at Lome, Tabligbo, Atakpame, and Sokode. ETo was estimated using the Penman-Monteith model.
The Mann-Kendall test was used for trend analysis. The results showed that
annual Epan varied from 1803 to 2081 mm at Lome, from 1294 to 1496 mm at
Tabligbo, from 1605 to 1974 mm at Atakpame and from 1839 to 1990 mm at
Sokode. It had significant increasing trend at Lome, Tabligbo, and Sokode and
a negative trend at Atakpame. Monthly Epan varied from 137 to 197 mm at
Lome, 89 to 149 mm at Tabligbo, 137 to 214 mm at Atakpame and from 137
to 190 mm at Sokode. At Lome, Kpan varied from 0.61 to 1.17 and averaged
0.81. At Tabligbo, Kpan varied from 0.59 to 0.98 and averaged 0.75. At Atakpame, Kpan varied from 0.5 to 2.0 and averaged 1.12. At Sokode, Kpan varied
from 0.43 to 1.92 and averaged 0.98. Monthly mean Kpan is recommended for
use in hydrological studies, irrigation scheduling and water management in
Togo.
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1. Introduction
Reference evapotranspiration (ETo) is an important component of the hydroDOI: 10.4236/gep.2017.512003
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logical cycle that needs to be considered during irrigation management options
or watershed hydrology studies. Different ETo estimation methods have been
investigated for several decades [1]-[7]; however, the existence of all dataset necessary for its estimation is usually fastidious to get because of lack of appropriate available equipment or a complete weather station, mostly in the developing
countries similar to Togo. Pan evaporation method offers simple and low costly
measurement of evaporation that can be converted to ETo through pan coefficient (Kpan) [8] [9]. One advantage of evaporation pans is that they incorporate
all possible physical effects. Kpan is essentially a correction factor that depends
on the prevailing upwind fetch distance, average daily wind speed, and relative
humidity conditions associated with the sitting of the evaporation pan [1]. Allen
et al. [10] indicated that evaporation pan provides a measurement of the integrated effect of radiation, temperature, humidity and wind on the evaporation
from an open water surface. Pan evaporation incorporates therefore the effect of
all climate variables, and is more accurate in estimating grass ET than empirical
formulae that depend on fewer of the climatic factors. Chen and Robinson [11]
reported that pan evaporation provides an integrated measurement of the effects
of solar radiation, wind speed, air temperature and relative humidity. However,
Intensity of Evaporation from pan is dependent on size, color and depth of pan
[12]. Grass Evapotranspiration (ETo) is less than open water evaporation because of higher vegetation albedo, stomata closure at night, and the diffusion
impedance of the stomata [13]. Kpan is therefore supposed to be less than unity.
Several Kpan equations have been suggested using linear, nonlinear and indicator regression techniques or combinations. There are a few regression equations
for predicting the Kpan values for FAO Class A pan placed in a short green
cropped area based on the FAO-24 Kpan Table [8] [14]. Allen et al. [10] proposed Kpan equations for FAO Class A pan placed in a dry fallow area. Allen et
al. [10] also proposed two Kpan equations for Colorado sunken pans surrounded by green and dry fetch conditions. Other Kpan equations had been
proposed by Allen and Pruitt [15]. The most proper pan which is used is class A
and it is set on a wooden bench about 10 cm above the ground surface for ease
ventilation.
Although there are several models to estimate Kpan, few showed their precision and accuracy under different climate conditions and the assumptions made
during the equations development might show some limitation in the applicability of the equations under all climate conditions. Appropriate calibration of
Epan against ETo computed with the Penman-Monteith method is recommended [10]. Thus, most of the models have shown that Kpan value is highly
dependent on surrounding conditions. Reliable estimate of ETo using Pan evaporation method depends on the accuracy of Kpan. The aims of this study were
to: 1) perform trend analysis in Epan, 2) estimate monthly and annual average
Kpan from the Penman Monteith estimated ETo and the measured pan evaporation and 3) propose Kpan that could be used in Togo for water management for
resource sustainability and conservation.
DOI: 10.4236/gep.2017.512003
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2. Materials and Methods
The study was conducted in Togo where four weather stations at Lome
(6˚9'56''N, 1˚15'16.24''E, elevation 22 m), Tabligbo (6˚34'59''N, 1˚30'00''E, Elevation: 76 m), Atakpame (7˚31'37"N, 1˚7'36"E Elevation 250 m), and Sokode
(8˚58'59''N, 1˚07'59''E, Elevation: 417 m) were selected for the reliability and the
long term dataset without missing data during the study period. A record of
monthly average climatic parameters including, air maximum and minimum
temperature, minimum and maximum relative humidity, wind speed, solar radiation, were used to estimate monthly evapotranspiration. Class A pan evaporation values were also recorded for the study period that covered 1981-2010 at
Lome, 1991-2002 at Tabligbo, 1991-2011 at Atakpame, and 1976-2011 at Sokode.

2.1. Reference Evapotranspiration Estimation
Daily grass-reference ET (ETo) was computed using the standardized ASCE
form of the Penman-Monteith (ASCE-EWRI PM) equation [5]. The Penman-Monteith reference evapotranspiration equation with fixed stomatal resistance values for grass surface is:
ETo =

0.408∆ ( Rn − G ) + γCn u2 ( T + 273)( es − ea )
∆ + γ (1 + Cd u2 )

(1)

where: ETo is the reference evapotranspiration (mm/day), Δ is the slope of saturation vapor pressure versus air temperature curve (kPa∙˚C−1), Rn = net radiation at the crop surface (MJ∙m−2∙d−1), G = soil heat flux density at the soil surface
(MJ∙m−2∙d−1), T = mean daily air temperature at 1.5 - 2.5 m height (˚C), u2 =
mean daily wind speed at 2 m height (m∙s−1), es = the saturation vapor pressure
(kPa), ea = the actual vapor pressure (kPa), es-ea = saturation vapor pressure
deficit (kPa), γ = psychrometric constant (kPa∙˚C−1), Cn = 900˚C mm s3
Mg−1∙d−1 for grass and 1600˚C mm s3 Mg−1∙d−1 for alfalfa, Cd = 0.34 s∙m−1 for
grass and 0.38 s∙m−1 for alfalfa, γ is the psychrometric constant (kPa∙˚C−1). All
parameters necessary for computing ETo were computed according the procedure developed in FAO-56 by Allen et al. (1998).

2.2. Pan Coefficient Estimations
Pan coefficient was estimated as the ratio of reference evapotranspiration over
Pan evaporation. Reference evapotranspiration was estimated using the standardized ASCE form of the Penman-Monteith (ASCE-EWRI PM)

Kpan =

ETo
Epan

(2)

where ETo is the reference crop evapotranspiration (mm∙day−1), Epan the measured class A pan evaporation (mm∙day−1) and Kpan the pan coefficient [8].

2.3. Temporal Trends Analysis
For the analysis of temporal trend in annual and monthly pan evaporation and
DOI: 10.4236/gep.2017.512003
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pan coefficient, the Mann-Kendall test [16] [17], a nonparametric method for
trend analysis, was used. It should be noted that the Mann-Kendall test statistic
is non-dimensional, and it does not offer any quantification of the scale of the
trend in the units of the time series under study, but is rather a measure of the
correlation of a variable with time and, as such, simply offers information as to
the direction and a measure of the significance of observed trends. The
Mann-Kendall test statistic S is given as follows:
=
S

∑ j = 1 ∑ i=
n −1

n
j +1

sign ( xi − x j )

(3)

where xi is the data value at time i, n is the length of the dataset and sign( ) is the
sign function which can be computed as:

1 if ( xi − x j ) > 0


sign ( xi =
− x j ) 0 if ( xi =
− xj ) 0

−1 if ( xi − x j ) < 0

(4)

For n > 10, the test statistic Z approximately follows a standard normal distribution:

 S −1
if S > 0

 Var ( S )

=
Z =
0
if S 0
 S +1

if S < 0
 Var ( S )


(5)

in which Var(S) is the variance of statistic S.
A positive value of Z indicates that there is an increasing trend, and a negative
value indicates a decreasing trend. The null hypothesis, Ho, that there is no
trend in the records is either accepted or rejected depending on whether the
computed Z statistics is less than or more than the critical value of Z statistics
obtained from the normal distribution table at the 5% significance level [18]. If
|Z| > Z(1−α/2), the null hypothesis of no autocorrelation and trend in dataset is rejected, in which Z(1−α/2) is corresponding to the normal distribution with α being
the significance level.
If the data has a trend, the magnitude of trend can be denoted by trend slope ß
[19]:

 x − xj 
β Median  i
=
 , ∀j < i
 i− j 

(6)

where xi and xj are data values at time ti and tj (i > j), respectively.

3. Results and Discussion
3.1. Trend in Annual Pan Evaporation
Pan evaporation is an indication of the evaporative demand of the atmosphere
resulting from the vapor pressure deficit of the air. Pan evaporation varied with
DOI: 10.4236/gep.2017.512003
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time and had different tendency depending on location. Pan evaporation varied
from 1803 to 2081 mm at Lome, from 1294 to 1496 mm at Tabligbo, from 1605
to 1974 mm at Atakpame and from 1839 to 1990 mm at Sokode (Figure 1). It
had significant increasing trend at Lome (Z = 2.43) with Sen’s slope of 3.7
mm/year (Table 1). Pan evaporation increased with years at Tabligbo, however,
the Mann-Kendall test revealed non-significant increasing trend with Sen’s slope
of 3.9 mm/year. Epan increased significantly (p < 0.001) at the rate of 2.1
mm/year from 1976 to 2011 at Sokode. In contrast to the three locations, Atakpame obtained a decreasing pan evaporation trend (Sen’s slope = −3.6
mm/year). Pan evaporation’s increase rate was the highest at Tabligbo and the
lowest rate was registered at Sokode (Table 1). Brusque drop in pan evaporation
was noticed in 1999 at Lome and Tabligbo while similar drop was observed in
2009 at Atakpame and 1994 at Sokode. During the study period uniformed to 30
year period, there were increases of 110, 118 and 64 mm in pan evaporation at

(a)

(b)

(c)

(d)

Figure 1. Trend in annual evaporation at (a) Lome; (b) Tabligbo; (c) Atakpame and (d)
Sokode.
Table 1. Mann-Kendall test of the annual pan evaporation trends.
Location

Number of years

Test Z

Significance.

Sen’s slope

Lome

30

2.43

*

3.670

Tabligbo

12

1.30

n.s

3.922

Atakpame

21

−0.63

n.s

−3.612

Sokode

36

3.42

***

2.136

n.s. Non-significant. *Significant at 1%. ***Significant at 0.01%.

DOI: 10.4236/gep.2017.512003

45

Journal of Geoscience and Environment Protection

K. Djaman et al.

Lome, Tabligbo and Sokode, respectively, while there was a decrease of 108 mm
in pan evaporation at Atakpame. The increase in evaporation at 75% of the research stations is not surprising because one of the expected consequences of
global warming is an increase in the rate of evaporation due to the increased air
temperature [20]. Koudahe et al. [21] also found increasing Standardized Anomaly Index in the same location due to an increasing trend in air temperature.
Increasing trend in pan evaporation has been reported in West Africa [22]. Similar trend in evaporation was also reported in Israel’s central coastal plain [23],
northeast of Brazil [24]. Global temperature is increasing due to increasing concentration of Greenhouse gases and an expected consequence is increase in
non-water limited evaporation rates [25]. The decreased in evaporation at Atakpame is expressed as pan evaporation paradox [26]. The decreases in vapor
pressure deficit, wind speed and solar radiation which leads to decreasing rates
of Epan explains the paradox [27]. Depending on moisture availability in the region around the pan, these ETo and Epan may be nearly identical or very different, but they are nevertheless related and to understand the changes in ETpan, one must look at changes in actual evapotranspiration (ETa), or at the variables influencing ETa [28]. In fact, Djaman and Ganyo [29] reported the influence of air temperature, mostly maximum air temperature and the thermal amplitude (Tmax-tmin) on the reference evapotranspiration at Lome, Tabligbo and
Sokode. In the light of Hobbins et al. [28], attribution of trends in pan evaporation might be due to changes in air temperature, relative humidity and thermal
amplitude through the vapor pressure deficit expressing the evaporative demand
of the environing air. Whenever Graham et al. [30] argued that pan evaporation
is not directly sensitive to changes in average air temperature, the results of this
study are supported by Yin et al. [31] who stated that water evaporation is more
sensitive to relative humidity than to other climatic variables according to the
physical theory, and a small change in relative humidity could result in a large
change in potential evaporation. The increase in pan evaporation is synonym of
increase in irrigation water demand. Similar results were found in Benin by Obada et al. [32] who revealed an increase in annual ETo under Representative
Concentration Pathways (RCP4.5 and RCP8.5) scenarios. Agricultural and environment actors should plan for using more water in food production and
recreation parks in Togo. However, deficit irrigation strategies are promising
and food can be produced at 75% ETo with no significant yield difference with
the full irrigated crop [33]. Crop growing seasons should be adjusted as proposed by Djaman and Ganyo [29] to increase water productivity under rainfed
systems in Togo where about 90% of crops are produced without irrigation.

3.2. Trends in Monthly Pan Evaporation
The monthly average pan evaporation at the four sites is presented in Figure 2
and the trends analysis results are summarized in Table 2. Monthly Epan varied
from 137 to 197 mm at Lome, 89 to 149 mm at Tabligbo, 137 to 214 mm at
DOI: 10.4236/gep.2017.512003
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Figure 2. Monthly average pan evaporation at Lome, Tabligbo, Atakpame and Sokode.
Table 2. Mann-Kendall test of the monthly pan evaporation trends at Lome, Tablogbo, Atakpame and Sokode.
Time series

Lome

Tabligbo

Atakpame

Sokode

Test Z

Signif.

Sen’s slope

Test Z

Signif.

Sen’s slope

Test Z

Signif.

Sen’s slope

Test Z

Signif.

Sen’s slope

January

0.61

n.s.

0.253

−0.48

n.s.

−0.762

1.06

n.s.

1.405

1.4

n.s.

0.149

February

1.23

n.s.

0.257

0.34

n.s.

0.556

−0.73

n.s.

−0.839

1.24

n.s.

0.109

March

−0.25

n.s.

−0.071

1.71

+

1.542

−0.94

n.s.

−0.789

2.77

**

0.272

April

0.62

n.s.

0.180

−0.55

n.s.

−0.123

0.36

n.s.

0.228

0.45

n.s.

0.065

May

1.55

n.s.

0.656

0.89

n.s.

0.629

−1.12

n.s.

−0.828

2.23

*

0.2

June

−0.21

n.s.

−0.094

0.07

n.s.

0.2

−1.99

*

−0.483

2.52

*

0.25

July

2.14

*

0.817

0.89

n.s.

1.208

0.18

n.s.

0.088

2.37

*

0.274

August

0.00

n.s.

0.000

0.34

n.s.

0.608

−2.2

*

−0.682

0.93

n.s.

0.078

September

0.09

n.s.

0.028

0.07

n.s.

0.194

−0.88

n.s.

−0.261

1.16

n.s.

0.082

October

0.73

n.s.

0.230

0.07

n.s.

0.1

−2.63

**

−1.128

1.69

+

0.188

November

2.37

*

0.560

0.21

n.s.

0.408

−0.63

n.s.

−0.48

2.93

**

0.304

December

4.46

***

1.150

1.03

n.s.

0.989

1.36

n.s.

1.213

3.9

***

0.375

n.s. Non-significant. +Significant at 5%. *Significant at 1%. **Significant at 0.1%. ***Significant at 0.01%.

Atakpame and from 137 to 190 mm at Sokode. Across the year, Tabligbo obtained the lowest monthly average Epan. Overall monthly Epan decreased from
January to August and increased thereafter up to December with the maximum
values registered in March (Figure 2). The trend in Epan follows the trend in air
temperature. In fact, the period of November to March coincides with the dry
season across the country with extreme temperatures in March. In addition, a
weaker dry and hot northeasterly Harmattan which is the dusty trade windblowing off the Sahara Desert across the Gulf of Guinea and the Cape Verde IslDOI: 10.4236/gep.2017.512003

47

Journal of Geoscience and Environment Protection

K. Djaman et al.

ands increased water evaporation. During the dry season, from December to
March, temperatures are cool at night and very hot during the day. Many small
streams dry up, many big rivers shrink, and vegetation senescence is observed.
The Harmattan season typically begins late November by the north side of the
country and can persist until February or March. Epan decreased with rainy
season establishment and it is more reduced during the monsoon period late July-August. During the monsoon, the temperatures are low and it can be extremely cold from the evening to early morning and there is attenuation of solar
radiation by the monsoon clouds and hence reduces air temperature and evaporation from water bodies. Oguntunde et al. [34] reported that Epan and solar
radiation decreased significantly in all the months (p < 0.01) and the reduction
ranged from 5.1% per decade in March to 9.3% per decade in August in Nigeria.
Similarly Badarinath et al. [35] found that the decline in solar radiation over
Hyderabad in India was more intense during the period 1993-2005 compared to
1980s and attributed this to an increase in cloudiness mainly in monsoon.
The Mann-Kendall test revealed increasing trend in monthly Epan except in
March and June when Epan non-significantly decreased with year at Lome. Epan
significantly increased during July, November and December with more severe
emphasis during December (p < 0.0001). At Lome, Epan was stable in August
and the Sen’s slope was zero. At Tabligbo, whenever the Epan has increasing
trend about 83% of the year, the change in Epan was significant only in March.
(p < 0.05). At Atakpame, Epan has decreasing trend during February-March,
May-June and August-November (Table 2). The decreasing change in Epan was
significant only in June, August and highly significant in October. The increasing trend observed during the rest of the months was not significant. The Sen’s
slopes presented in Table 2 represent the rate of change in Epan. At Sokode,
Epan had an increasing trend during all the months however; the trend is significant during 58% of months (Table 2). At this location, increasing trend in
monthly Epan was very highly significant in December (p < 0.0001) and highly
significant in November and March (p < 0.001).

3.3. Trend in Annual Mean Kpan
Kpan showed monthly and annual variation at all the sites (Figure 3). At Lome,
Kpan varied from 0.61 in April 2001 to 1.17 in June 1984 with long term average
Kpan of 0.81. At Tabligbo, Kpan varied from 0.59 in July 1999 to 0.98 in April
1998 with annual mean Kpan of 0.75. At Atakpame, Kpan varied from 0.5 in
January 2008 to 2.00 in 2007 with long term average of 1.12. At Sokode, Pan
coefficient varied from 0.43 in July 2005 to 1.92 in February 1997 with annual
average Kpan equal to 0.98. Kpan varied therefore with location, month and
year.
The trend analysis revealed significant decreasing trend in Kpan at Lome with
Sen’s slope of −0.002 that represented decrease of 0.06 during 30 years. Annual
average Kpan increased from 0.8 in 1981 to 0.9 in 1984 and decreased thereafter
up to 0.70 in October 1990. The trend changed from 1990 to 1999 and the anDOI: 10.4236/gep.2017.512003
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(a)

(b)

(c)

(d)

Figure 3. Trends in long term Kpan at (a) Lome; (b) Tabligbo; (c) Atakpame and (d) Sokode.
DOI: 10.4236/gep.2017.512003
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nual mean Kpan reached its maximum value of 0.92; decreased within the three
following years and became more stable thereafter with non-significant increasing trend (Figure 3(a)). At Tabligbo the study period was shorter (1991-2002)
and the annual Kpan showed an increasing trend (Sen’s slope = 0.002) however,
the trend analysis revealed non-significant increasing trend in the annual Kpan
(Table 3). Kpan at Atakpame decreased from 1.15 in 1991 to 1.02 in 1994 and
thereafter was more stable but showed increasing tendency from 2006 to 2009
(Figure 3(c)). Overall, Kpan significantly increased from 1991 to 2011 and the
increase in Kpan during the 21 year period was 0.084. At sokode, annual mean
Kpan varied from 1.02 to 1.07 and averaged 0.98 (Figure 3(d)). There was highly
significant decrease in Kpan during the 1976-2011 period (p < 0.001) that
represented 0.108 reduction in Kpan over the 36 years period. The results of this
study are close to the estimates of [36] who reported annual Kpan of 0.78 for the
warm arid climate in Iran. At the reservoir of the Saveh Dam in Iran Kpan varied between 0.48 for 2000 and 0.66 for 1998 and averaged of 0.55 [37]. Spatio-temporally averaged Kpan values for the Loess plateau (China) varied from
0.44 in April to 0.65 in late summer [38]. In Canada, Kpan coefficients varied
from 0.78 to 0.94 [39]. For US Class A pan over a seven year period, for annual
totals, the pan coefficient was 0.7, with a strong monthly variation in the pan
coefficients which varied between 0.47 and 1.18 [40]. The variability in annual
mean Kpan revealed that it might be better to use monthly mean Kpan for water
resources management accuracy and sustainability.
Table 3. Z statistics and Sen’s slope for long term monthly Kpan at Lome, Tabligbo, Atakpame and Sokode.

Signif.

Sen’s
slope

Kpan mean

Test Z

Signif.

Sen’s
slope

n.s.

−0.0013 0.6983 −0.82

n.s.

−0.0049

1.366

0.31

n.s.

0.0008

February

0.753 −1.71

−0.0026

0.889 −0.48

n.s.

−0.0013 0.7740

0.82

n.s.

0.0045

1.385

−0.43

n.s.

−0.0019

Test Z

Sen’s
slope

Kpan mean

Signif.

0.780 −0.21

Test Z

−0.0023

Test Z

0.886 −1.14 n.s.
+

Kpan mean

Sokode

Sen’s
slope

Atakpame

Signif.

Tabligbo

January

Month

Kpan mean

Lome

March

0.727 −0.21 n.s.

−0.0003

0.846

1.30

n.s.

0.0064

0.8782

1.24

n.s.

0.0040

1.227

−1.65

+

−0.0030

April

0.762

n.s.

0.0001

0.809 −0.21

n.s.

−0.0011 1.0199

0.21

n.s.

0.0005

1.011

−2.22

*

−0.0041

May

0.844 −1.18 n.s.

−0.0023

0.764 −0.21

n.s.

−0.0003 1.1342

1.24

n.s.

0.0061

0.914

−1.65

+

−0.0017

June

0.913

n.s.

0.0001

0.684

0.21

n.s.

0.0021

1.2343

1.96

*

0.0051

0.793

0.00

n.s.

−0.0001

July

0.819 −1.89

+

−0.0041

0.684

0.34

n.s.

0.0046

1.4663 −0.45

n.s.

−0.0017

0.676

−1.62

n.s.

−0.0020

0.776 −0.93 n.s.

−0.0014

0.656

0.62

n.s.

0.0021

1.6267

2.57

*

0.0148

0.615

−2.24

*

−0.0036

September 0.781 −0.57 n.s.

−0.0013

0.687

0.48

n.s.

0.0012

1.4548

1.72

+

0.0072

0.672

−4.18

***

−0.0065

−0.0007

0.694 −0.07

n.s.

−0.0005 1.1274

2.81

**

0.0106

0.830

−2.78

**

−0.0036

−0.0028

0.763

0.16

n.s.

0.0012

0.8769

1.00

n.s.

0.0041

1.014

−0.09

n.s.

−0.0001

−0.0075

0.758

0.62

n.s.

0.0051

0.7812 −0.82

n.s.

−0.0022

1.224

0.06

n.s.

0.0003

August

October

0.04

0.04

0.780 −0.43 n.s.

November 0.768 −1.68
December

+

0.888 −3.93 ***

n.s. Non-significant. +Significant at 5%. *Significant at 1%. **Significant at 0.1%. ***Significant at 0.01%.
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3.4. Trend in Monthly Kpan
Kpan varied with months and locations (Figure 4). The monthly mean Kpan,
the Mann-Kendall statistics and Sen’s slopes are summarized in Table 3. At
Lome, monthly Kpan varied from 0.73 (March) to 0.913 (June) and had a decreasing trends except in April and June however, the decreasing trend was significant for February, July and November (p < 0.05) and highly significant in
December (p < 0.0001) with the highest decreasing rate of −0.075. At Tabligbo,
Kpan was much lower and varied from 0.66 in August to 0.89 in February. Kpan
decreased with the establishment of the rainfall and was at its lowest value during the monsoon in August and it increased thereafter. Different trends were
obtained at Tabligbo however there was no significant increase or decrease in
the monthly Kpan. At Atakpame, Kpan increased progressively from 0.70 in
January to 1.63 in August and decreased up to 0.78 in December (Figure 4). The
highest values observed at Atakpame might be relevant to the particular topography and aspect of the site that could influence reference evapotranspiration,
pan evaporation and finally Kpan. The Mann-Kendall test showed non-significant decreasing trend in Kpan in January, July and December while positive
trend was noticed during the rest of the months with significance in June, August and September. The highest changing rate in Kpan was registered in August. Opposite Kpan tendency to Atakpame was observed at Sokode. Kpan decreased from 1.37 in January to 0.62 in August and it increased thereafter up to
1.22 in December. The monsoon and Harmattan both impacted the Kpan.
Epan decreased with rainy season establishment and it more reduced during
the monsoon period late July-August because of monsoon clouds and reduction
in solar radiation [34]. The results of our study are in agreement with Kaboosi
[41] who reported Kpan decreasing from higher values of about 1.5 in December
to lower one of 0.6 in June and that increased thereafter. Sepaskhah and Kamgar-Haghighi [42] reported that Kpan varied from 0.37 to 0.84 at Saffron in Iran
with registered lowest Kpan in May and the highest Kpan in January. Lapworth
[43] also found a strong monthly variation in the pan coefficients which varied
between 0.47 and 1.18 for the US Class A pan. Similar to our study, Chen et al.

Figure 4. Monthly average Kpan at Lome, Tabligbo, Atakpame and Sokode.
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[44] reported that average Kpan value laid between 0.6 and 0.8 with a seasonal
and regional difference. The high Kpan values obtained at Atakpame were similar to the one observed by Koerselman and Beltman [45] who have suggested
different values ranging from 0.67 to 1.7. The relationships between monthly
Epan and monthly ETo (Figure 5) revealed that there is no annual single Kpan
that could be used at any location. Due to the high dependence of Kpan with
months, the monthly mean Kpan values presented in Table 3 are recommended
in place of annual mean Kpan for agricultural water management in Togo.

4. Conclusion
In this study, we performed the trend analysis in measured pan evaporation and
estimated pan coefficient for four meteorological sites in Togo: Lome, Tabligbo,
Atakpame and Sokode for the global period of 1976-2011. The results showed
the dependence of pan evaporation on location. Annual pan evaporation varied
from 1803 to 2081 mm at Lome, from 1294 to 1496 mm at Tabligbo, from 1605
to 1974 mm at Atakpame and from 1839 to 1990 mm at Sokode. A significant
increasing trend of Epan was obtained at Lome, Tabligbo, and Sokode while a
negative trend was registered at Atakpame. Monthly Epan varied from 137 to
197 mm at Lome, 89 to 149 mm at Tabligbo, 137 to 214 mm at Atakpame and
from 137 to 190 mm at Sokode. Epan was influenced by the Harmattan and the
monsoon seasons. The pan coefficient, Kpan varies both regionally and seaso-

(a)

(b)

(c)

(d)

Figure 5. Relationship between monthly ETo and monthly pan evaporation at (a) Lome;
(b) Tabligbo; (c) Atakpame and (d) Sokode.
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nally. Kpan showed monthly and annual variation at all the sites. Kpan varied
from 0.61 to 1.17 at Lome with long-term average Kpan of 0.81. At Tabligbo,
Kpan was within the range of 0.59 - 0.98 and averaged 0.75. At Atakpame, Kpan
varied from 0.5 to 2.0 with an average of 1.12. At Sokode, Kpan varied from 0.43
to 1.92 with annual average Kpan of 0.98. Kpan was high during the Harmattan
season at Lome, Tabligbo and Sokode and it was at its lowest value during the
monsoon when solar radiation is attenuated and the temperatures are low with
highly relative humidity. Monthly mean Kpan is recommended for use instead
of annual mean Kpan due to the highly dependence of Kpan on month and the
seasonal patterns in Kpan. It should be important to carry out a sensitivity study
of Kpan to all climate variables in order to determine their relative influence on
the variability of Kpan. Similar study should be also conducted for all the agroecological zones of the country for accurate and spatial Kpan estimates.
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