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Air Temperature and Actual Evapotranspiration Correlation
Using Landsat 5 TM Satellite Imagery

Preeyaphorn Kosa

ABSTRACT

Actual evapotranspiration is a significant component of the water cycle and it is a function of
weather data. Moreover, it is difficult to measure. Air temperature is normally measured in a number of
weather stations. Since temperature relates to many other weather variables, temperature can be used to
infer the characteristics of other weather data. For example, high temperature is associated with low
humidity but high evaporation can occur under conditions of high temperature. Thus, the purpose of this
study was to determine the relationship between air temperature and actual evapotranspiration. To achieve
this objective, spatial temperature and spatial actual evapotranspiration were calculated using the concept
of surface energy balance in conjunction with Landsat 5 TM satellite imagery. Thereafter, actual
evapotranspiration for each temperature was averaged. Finally, the relationship between air temperature
and actual evapotranspiration was determined using a polynomial equation. The results showed that the
mean air temperature and the daily mean actual evapotranspiration were 296.4 °K (23.4 °C) and 4.1
mm, respectively. The temperature in Kelvin, could be explained by the equation y = -0.028x? + 17.069x
-2593.2, where y is the actual evapotranspiration (mm.) and x is the temperature. The equation can be
applied to estimate the actual evapotranspiration when the temperature is known. Thereafter, daily actual
evapotranspiration is defined when the reference evapotranspiration calculated from weather data in the
same area is also known.
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INTRODUCTION stage of the crop. Reference evapotranspiration can

be estimated using meteorological parameters such

Actual evapotranspiration for a crop can
be calculated from the crop coefficient multiplied
by the reference evapotranspiration. Crop
coefficients can be evaluated from land use maps
and the cropping calendar. Land use maps show
the types of crops in the study area while the
cropping calendar presents the growth stage of
crops. Thus, it can be said that the value of the
crop coefficient depends on the type and growth

as temperature, humidity, wind speed and net
radiation. These parameters are the elements of
the FAO Penman-Monteith method that is now
recommended as the sole standard method for the
definition and reference of evapotranspiration.
However, before the FAO Penman-Monteith
method became the accepted standard, many
methods were used for the estimation of reference
evapotranspiration. These included the formulae
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of Penman (1948), Monteith (1965), Priestly-
Taylor (1972) and Hargreaves (1985). The FAO
Penman-Monteith method is suitable to calculate
reference evapotranspiration, because it uses many
which
evapotranspiration calculation (Allen et al.,1998;
Kosa, 2007).

Temperature is normally measured in a

factors, impact the reference

number of weather stations. Since temperature
relates to many weather data, temperature can be
used to infer the characteristics of other weather
data. For example, high temperature is associated
with low humidity but high evaporation can occur
under conditions of high temperature.

The characteristics of temperature and
actual evapotranspiration can be described by
variable spatial resolution. At present, remote
sensing technology is used to determine the
temperature and actual evapotranspiration. Remote
sensing observations bolster spatial resolution.
However, remote

sensing technological

developments in  evaluating  actual
evapotranspiration and temperature over large
areas have not been applied in Thailand. Thus, the
purposes of this study were to determine spatial
temperature, spatial actual evapotranspiration and
the relationship between temperature and actual
evapotranspiration using the concept of surface
energy balance in conjunction with Landsat 5 TM

satellite imagery.

MATERIALS AND METHODS

There were three main parts to this
research: spatial temperature calculation, spatial
actual evapotranspiration estimation and
determination of the relationship between
temperature and actual evapotranspiration.
Landsat 5 TM satellite imagery path 127/row 48
constituted the main input data. The spatial
resolution of Landsat 5 TM satellite imagery is 30
m and the swathe width covered by the image is
185 km. This image covered the Sri Songkhram

sub-river basin located in the lower part of the
Mekhong river basin in the northeast of Thailand.
The period selected for this study was from
November 2006 to January 2007 because it is in
the dry season and there is clear sky. Moreover,
there was cultivation during this time so there was
both evaporation and transpiration involved in
evapotranspiration.

Spatial temperature was first computed
using Landsat 5 TM satellite imagery. Spatial
actual evapotranspiration was then calculated
using the surface energy balance algorithm for land
(SEBAL). In the SEBAL method, Landsat 5 TM
satellite images were also used to estimate spatial
daily actual evapotranspiration. After the
maximum and minimum values of actual
evapotranspiration in each temperature were
excluded, the selected actual evapotranspiration
for each temperature was averaged. Finally, the
relationship between temperature and actual
evapotranspiration was determined using a
polynomial equation.

Temperature computation

Normally, Landsat 5 TM satellite
imagery data is based on digital number (DNs),
so0 it was necessary to convert the DN to radiances
for all bands in the Landsat 5 imagery
(Equation 1):

(LMAX, - LMIN;)
L, = x (1)
(QCALMAX - QCALMIN)

(QCAL - QCALMIN) + LMIN;,

where LMAX, and LMIN, are differ
for each bands, QCAL or DN, LMAX,; and
LMIN; are input data. These elements are values
in the header file information.

Thereafter, effective satellite temperature
(Ty,) was calculated by Equation 2:
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For the calculation of the thermal band,
the radiance image was used, because the thermal
band provides a dummy of the reflectance image.
Surface temperature (T) was then computed by
Equation 3:

T
- 3)
where g is surface emissivity calculated
using normalized difference vegetation index
(NDVI), the reflectance value in the red band (p3)
and the reflectance value in the near-infrared band

(p4) as shown in Equations 4 and 5:

gy = 1.009 +0.047 x In(NDVI)  (4)

NDVI = Pa—P3 (5)
P4 +P3

Actual evapotranspiration calculated by
SEBAL

The SEBAL algorithm is a tool to
compute actual evapotranspiration for flat areas
with the greatest accuracy and confidence. Satellite
images and weather data are used in the SEBAL
model to calculate actual evapotranspiration using
a surface energy balance model. SEBAL evaluates
an instantaneous actual evapotranspiration flux at
the time the image was captured because the
satellite image provides information for the
overpass time only. The actual evapotranspiration
flux can be calculated for each pixel of the image
as aresidual of the surface energy budget equation
(Bastiaanssen, 1998a; Bastiaanssen, 1998b)
(Equation 6):

LE=(R,~G)-H (6)

where LE is the latent energy per unit
time per unit area of evaporation (W/m?), R, is
the net radiation flux at the soil surface (W/m?), G
is the soil heat flux (W/m?2), and H is the sensible
heat flux to the air (W/m?2).

After LE was computed, the evaporative

fraction ( A) was obtained using Equation 7. The
evaporative fraction at each pixel of a satellite
image can be estimated using the 24-hour
evapotranspiration for the day of the image. The
evaporative fraction is assumed to remain constant
over the full 24-hour period.

__LE __LE
R,-G LE+H )

24-hour
evapotranspiration, Equation 8 was used:

To estimate actual

86400 A (R4 —Goyg) )
A
where R, is daily net radiation, G,y is
daily soil heat flux, 86 400 is the number of
seconds in a 24-hour period, and A is the latent

ETy =

heat of vaporization (J/kg). The 24-hour actual
evapotranspiration, ET,4, can be expressed in mm/
day.

Since energy, on average, is stored in the
soil during the daytime and released into the air at
night, G, is very small for the combined
vegetative and soil surface, so it can be assumed
as zero at the soil surface (Morse et al., 2000;
Hafeez and Chemin, 2005). Equation 9 can be then
rewritten as:

86400 A R
ETy, = fn% ©

Validation

The temperature computed using the
Landsat 5 TM satellite images was validated by a
comparison with the recorded temperature.
However, to validate actual evapotranspiration
calculated by SEBAL, the recorded pan
evaporation was used. Pan evaporation is the
amount of water evaporated during a period (mm/
day) with an unlimited supply of water (potential
evaporation). It is a function of surface and air
temperatures, insolation and wind, all of which
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affect water-vapor concentrations immediately
above the evaporating surface. On the other hand,
actual evapotranspiration is a function of
temperature, wind, humidity and net radiation. The
decreasing trend detected in the pan evaporation
and actual evapotranspiration can be attributed to
the significant decreasing trends in the net
radiation and in the wind speed. It can be attributed
also to the significant increasing trend in the air
temperature. (Humphreys et al., 1994; Grismer et
al., 2002; Marco, 2002).

RESULTS AND DISCUSSION

The three main parts of the results
involved spatial temperature, spatial actual
evapotranspiration and the relationship between
temperature and actual evapotranspiration.

Temperature

The spatial distributions of temperature
calculated using Landsat 5 TM satellite images
are presented in Figures 1 to 3. The mean
temperatures from Figures 1, 2 and 3 were 297.34
°K (24.19°C), 295.74°K (22.59°C) and 296.25°K
(23.10°C), respectively.

Actual evapotranspiration
The spatial distributions of actual
evapotranspiration calculated using Landsat 5 TM

Figure 1 The surface temperature on November
13, 2006.

satellite images and SEBAL are presented in
Figures 4 to 6. The mean actual evapotranspiration
from Figures 1, 2 and 3 were 3.67, 4.50 and 4.26
mm., respectively.

Relationship between temperature and actual
evapotranspiration

After
evapotranspiration were calculated as shown in

temperature and actual
Figures 1 to 6, the temperature and actual
evapotranspiration were plotted (Figures 7 and 8).
These figures present the relationship between the
temperature and actual evapotranspiration
explained by the equations: y =-0.028x> + 17.069x
-2593.2 (R?=0.987); and y = -0.028x> + 1.7608x
- 22.932 (R? = 0.987), where y is the actual
evapotranspiration (mm) and x is the temperature
in units of °K and °C, respectively.

CONCLUSION

From the above results, it can be
concluded that the mean temperature and the mean
actual evapotranspiration in the Sri Songkhram
sub-river basin were 296.44°K (23.44°C) and 4.14
mm, respectively. The relationship between the
(°K and °C) and actual
evapotranspiration (mm) was in the form of a

temperature

polynomial equation. For the temperature in
degrees Kelvin, the equation was y = -0.028x2 +

&
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Figure 2 The surface temperature on December
15, 2006.



Kasetsart J. (Nat. Sci.) 43(3) 609

Figure 4 The actual evapotranspiration on
2007 November 13 2006.

Figure 7

The actual evapotranspiration on  Figure 6 The actual evapotranspiration on
December 15, 2006. January 16, 2007.
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Figure 8 The relationship between the temperature (°C) and actual evapotranspiration (mm).

17.069x - 2593.2 and for the temperature in
degrees Celsius, the equation was y = -0.028x2 +
1.7608x - 22.932.

These results are useful for irrigation
project and water management. For spatial actual
evapotranspiration, they can be used to present
daily actual evapotranspiration. Daily actual
evapotranspiration is a leading parameter in the
planning of water management in an area. The
spatial temperature results present the temperature
for each area. The relationship between actual
evapotranspiration and temperature can be used
to estimate actual evapotranspiration when
temperature is known. Thereafter, daily actual
evapotranspiration can be defined when the
reference evapotranspiration calculated from
weather data in the same area is also known.
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