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Abstract
Climate change is the major problem that every human being is
facing over the world. The rise in fossil fuel usage increases the
emission of “greenhouse' gases, particularly carbon dioxide
continuously into the earth’s atmosphere. This causes a rise in
the amount of heat from the sun withheld in the earth’s
atmosphere that would normally radiated back into space. This
increase in heat has led to the greenhouse effect, resulting in
climate change and rise in temperature along with other
climatological parameters directly affects evaporation losses.
Accurate modelling and forecasting of these evaporation losses

are important for preventing further effects due to climate change.

Evaporation is purely non-linear and varying both spatially and
temporally. This needs suitable data driven approach to model
and should have the ability to take care of all these non-linear
behaviour of the system. As such, though there are many
empirical and analytical models suggested in the literature for the
estimation of evaporation losses, such models should be used
with care and caution. Further, difficulties arise in obtaining all
the climatological data used in a given analytical or empirical
model. Genetic programming (GP) is one such technique applied
where the non-linearity exist. GP has the flexible mathematical
structure which is capable of identifying the non-linear
relationship between input and output data sets. Thus, it is easy
to construct ‘local” models for estimating evaporation losses. The
performance of GP model is compared with Thornthwaite
method, and results from the study indicate that the GP model
performed better than the Thornthwaite method. Forecasting of
meteorological parameters such as temperature, relative humidity
and wind velocity has been performed using Markovian chain
series analysis subsequently it is used to estimate the future
evaporation losses using developed GP model. Finally the effect

of possible future climate change on evaporation losses in
Pilavakkal reservoir scheme, India has been discussed.

Keywords: Climate change, genetic programming, green house
effect.

1. Introduction

Climate change is a major issue in this century and it
affects directly as well as indirectly the water resources.
Increasing amount of CO, emission into the atmosphere
will increase the global temperature known as global
warming [8]. Also it [8] suggests that the water resources
system will negatively respond on water availability and
water supply. The understanding of the impact of climate
change on evaporation could be better explained by
accurate modelling and forecasting of the variable.

Evaporation is one of the least satisfactorily explained
components of the hydrologic cycle because, unlike say
stream flow, it cannot be directly measured. The simplest
approaches are mass transfer, energy budget methods to
estimate the evaporation. Further more, The National
Weather Service class “A” pan is the most widely used
evaporation instrument today and its application in
hydrologic design and operation is long standing. Pan
evaporation has been widely used for estimating lake and
reservoir evaporation. These methods are generic and may
affect the modelling approach and needs suitable data
driven approach.
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Numerous researchers have attempted to estimate the
evaporation values from climatic variables, and most of
these methods require data that are not easily available.
Important historical examples include: (a) empirical
relationships between meteorological variables ([3], [17],
and [19]) and (b) physically-based equations ([15], [16]).
While the former methods estimate evaporation based on
climate data, the latter methods link evaporation dynamics
with the supply of energy and the aerodynamics transport
characteristics of a natural surface. Simple methods that
are reported (e.g. [14], [18], and [19]) try to fit a linear
relationship between the variables. However, the
evapotranspiration process is embedded with large
variability in both spatial and temporal scales [10].

Black box models like Genetic Programming (GPs),
artificial neural networks (ANNs) and fuzzy techniques
have been proposed as efficient tools for modeling and
their application in water resources problems are reported
successfully ([1], [2], [4], [9], [10], [12], [13], [20], [23]).
GP has the advantage of providing inherent functional
input-output relationships as compared to traditional black
box models, which can offer some possible interpretations
to the underlying process.Genetic programming (GP) is
chosen as the modelling tool owing to its ability to evolve
mathematical models from historical data.

In this study, the major objective was to evaluate the
potential of GPs for estimating evaporation for Kovilar
Reservoir in the Vaipar basin of Tamilnadu, India and its
results are compared with Thornthwaite method [21].
Forecasting of the meteorological parameter such as
temperature, relative humidity and wind velocity is carried
out using Markovian chain series analysis method. Using
the forecasted series, the future evaporation loss is
estimated with the help of developed GP model. Finally
climate change effects were discussed with temperature
and evaporation changes.

2. Study area and data used

Pilavakkal reservoir system consists of Periyar and Kovilar
reservoirs in Virudhunagar District of Tamilnadu State,
India. For this study, Kovilar reservoir has been taken as a
study area (Figure 1). It is situated within the geographical
coordinates of (9°41°N, 77°23’E) and (9°38’N, 77°32E).
Kovilar reservoir is constructed across the non-perennial
Kovilar River, which carry only intermittent flash flows
depending on the seasonal rainfall. The command area
experiences a tropical climate throughout the year. A
maximum mean monthly temperature of 38.34°C is
observed during May, whereas a minimum mean monthly
temperature of 20.04°C occurred in the month of January.

1JCSI International Journal of Computer Science Issues, Vol. 8, Issue 5, No 2, September 2011
ISSN (Online): 1694-0814
www.IJCSI.org

Mean annual rainfall of the dam site is 1187 mm against
the state average of 945mm. However, the rainfall is highly
erratic and is less than 75% of the mean in 20% of the
years. Hence the area can be classified as drought prone

according to the standards fixed by the Indian
Meteorological Department.
Historical monthly average records of hydro

meteorological variables such as temperature, wind speed,
relative humidity, sunshine hour, precipitation and
Evaporation have been data collected for the years 1992-
2000 from Kavalur meteorological station, the nearest
available meteorological station, about 20 km from the
reservoir site. The data for the years 1992-1997 were used
in model training and 1998-2000 data were used in model
testing.

Fig. 1 The study area: Kovilar reservoir, VVaipar basin, India.

3. Materials and methods

3.1 Genetic Programming

Genetic Program (GP) is an automatic programming
technique for evolving computer programs to solve, or
approximately solve, problems [13]. In engineering
applications, GP is frequently applied to model structure
identification problems. In such applications, GP is used to
infer the underlying structure of either a natural or
experimental process in order to model the process
numerically. Genetic programming has recently been
applied to “real-world' problems [5]. This is a search
procedure that uses random choice as a tool to direct a
highly exploitative search through the numerical coding of
a given parameter space. Goldberg [7] suggested that the
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probabilities of crossover and mutation are used in the
simple genetic algorithm to effectively control the
operators of crossover and mutation and they must range
from 0 to 1. The final output of the model consists of
independent variables and constants, and the functional set
consists of basic mathematical operators {+, —, X, /, sin,
cosh, log, power ...} that may be used to form the model.
The choices of operators depend upon the degree of
complexity of the problem to be modelled.

The following parameters are considered while creating the
dynamic models of Kovilar reservoir.

timing. Ultimately, Thornthwaite method is useful for
description, classification, management, and research. The
method’s biggest shortcoming is the minimum time
division as month. That may produce a situation where
end-of-the-month precipitation should not in fact appear as
runoff until the following month, a delay that may be
confusing in the computed water balance. However, the
mean annual computations do wrap around: for example,
mean annual January runoff, is based on mean annual
December runoff.

The Thornthwaite's empirical equation is:

Etcomp = f(Tt, RHy, Nhy, Vi, Eqops) PE =16 [Ej 3
1) |
where, where,

Etcomp = Computed Evaporation losses at time t (Mm?)
Eiops = Observed Evaporation losses at time t (Mm3)
T, = Temperature at time t (°C)

RH; = Relative Humidity at time t (%)

Nh; = Sunshine hour at time t (Hours/day)

Vi = Wind velocity at time t (Kmph)

The mathematical models evolved from GP are presented
as

E, =(cos{'ﬂ {sin( - j—RHJ}j VAT (2)
0.107V,

In equation (2), the temperature term explicitly
appears. This is mainly because the evaporation losses
depend on temperature. The prediction is found to be
better in the zone of mean of the evaporation values i.e.
about 0.1 Mm®,

3.2 Thornthwaite model

The Thornthwaite method [22] was used to estimate the
potential evaporation of the basin. This method uses air
temperature as an index of the energy available for
evaporation, assuming that air temperature is correlated
with the integrated effects of net radiation and other
controls of evaporation, and that the available energy is
shared in fixed proportion between heating the atmosphere
and evaporation. There is no correction for different
vegetation types. It merely requires inputs of mean
monthly temperature, precipitation, latitude, and an
estimate of soil storage capacity. Thus, the Potential
Evaporation (PE) values are calculated based on observed
temperature (and day-length) data and, when applied to
typical, calibrated paired experimental watersheds where
one is treated and the other is a control, may be correlated
with and evaluated for any change in runoff quantity and

PE = Potential evapotranspiration in centimeter per month.
t = Mean monthly air temperature (°C)
i = the monthly heat index and it is expressed as:

. ( t jl.SlA
i=|- 4)
5

I = Annual heat index and it is given by the equation:
1=>i (5)
j=1

j=1,2,3..12 is the number of the considered months.
a=6.7%10"1°-7.7%10"°1° +0.0181 + 49 (6)

The computed monthly potential evaporation in Equation 3
is for a standard month with 360 hours of daylight. It must
be corrected for the varying length of day with latitude
using the appropriate correction factor. For the evaluation
of the actual evaporation the Thornthwaite water balance
model [6] was utilized. The required parameters to
determine actual evaporation using this model are mean
monthly precipitation mean monthly potential evaporation.

3.3 Markovian model

The Markovian model was used to forecast the required
meteorological data. After that, these forecasted
parameters were used for the model prediction. In general,
the forecasted series preserve the statistical properties such
as mean and standard deviation of observed series. Errors
in estimate of statistical properties due to depth of
observed data and it reflects in generated values also.
Finally, the forecasting is carried out using the following
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relationship from the Markovian chain series analysis. The which are directly as well as indirectly affecting the
following equation represents m™ order Markovian model. process. At the same time as the GP model performs very

g, =b,+bq_ +b,q , + o +bq  +e @) v_veII l_)g\cause the_ GP has the ability to learn the non-
g ), LYJ linearities. The _flg 2 _sh_ows the ob_served _and computed
determinagpart random part value of_ GP durlng_ training and testing perlod_. It uses the
appropriate  functions that are having input-output
In this study, the below Markovian equation is used to relationship. More_over, the qptim_ization taI_<es place both
forecast the values constan_t and variables which involves in the model
generation.
—_ O-l —_ 2
Yoo =¥iH o, o (y"l B y"l) +eo, V - fon ®) Table 1: Performance evaluation of static GP and Thornthwaite model
where, Model performance in different period
yi+1 = forecasted value at time (t+1) Model Training Testing
_ . (1992-1997) (1998-2000)
Y, = average of actual value at time (t) cC CE cC CE
Y1 = actual value at time (t-1) (%) (%) (%) (%)
Y., = average of actual value at time (t-1) cp 88.7 774 843 739
oy = standard deviation at time (t)
o1 = standard deviation at time (t-1) Thornthwaite | 73.1 68.5 67.0 61.3
r = correlation coefficient between time series (t), (t-1)
e = random part, rectangularly distributed (0, 1) The developed GP evaporation model has been utilized for
finding the possible future climate change in Pilavakkal
4. Results and discussion reservoir. This needs three parameters (i.e. temperature,
wind velocity and relative humidity) for the estimation of
The coupled data driven-evaluation scheme (Genetic evaporation at a given time (t). Hence, the forecasting of
Process and Genetic Algorithm) for evaporation prediction these three parameters performed using Markovian chain
in reservoir was developed and demonstrated. The variable series analysis for the next 50 years (2001-2050).
T, RH;, Vi appears in equation 2. The above parameters in ) ) ) ) )
the equation shows, the evaporation in Kovilar reservoir is Markovian  chain ~series analysis determines the
related with meteorological parameter temperature, wind relationship between dependent variables (temperature,
velocity and relative humidity from the given input ~ Wind velocity and relative humidity) and independent
variables. The velocity term appears in the model shows  Vvariable (time). The major advantage of using this method
that velocity of wind imparts main reason for evaporation. is taking the sessional variation of climatical parameters. It
This is observed that the study area don’t have obstruction, satisfies the statistical conditions by taking care of standard
hence free wind movement occurs. And relative humidity deviation and correlation between the data serious. The
of an air-water system is dependent not only on the randomly geqerated pa_rt minimises the error inthg system.
temperature but also on the absolute pressure of the system Thus, it pr_owdes meaningful forecasted values. It is clearly
of interest. Similar findings were earlier reported by [11]. presented in the table 2. It shows the values of temperature
The term sunshine hour does not appear in the developed variation in t_he next 50 years. Mean annual temperature
model. It is observed that this term indirectly appeared in and evaporation values are calculated for the year 2000
the form of temperature. During the GP model from thesobsserved dqta and |t_|s _reported as 29.08°_C and
development, the exponential term was included. But in 30.9 x10” m* respectively. It is fixed as a base period to
final model instead of exponential term, the calculate the increase in temperature and evaporation
trigonometrical term arrived. This shows that there is a values in future. Based on this, the variation is present_ed in
chance for the seepage along with evaporation. Fable 2. _Due to the climate change_effect, there is an
increase in annual temperature 1.09°C in the year 2025 and
Thornthwaite method shown lesser efficiency and 2.14°C in the year 2050 occurred in Kovilar reservoir.
correlation coefficient compare to GP model both in o ) ) ] ]
training and testing periods in table 1. This probably due to Prediction of evaporation is carried out by obtained
the Thornthwaite method considers only temperature and forecasted values from Markoylan_ method. Table 3 clearly
precipitation in the model. In GP model, evaporation shows the changes of evaporation in the next 50 years.
process depend on many more meteorological parameters
such as temperature, relative humidity, and wind velocity
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Fig. 2 Observed and estimated evaporation by GP model for Kovilar

reservoir.

Table 2: Forecasting of temperature using Markovian chain series

Table 3: Prediction of evaporation using Genetic Programming modeling
approach

273

Inc. in
actual
value Inc. in
from base %
period
in m®x10°

Annual
Mean
Value

in m*x10°

Length
Time of

series Record
in year

No

1992-

2000 30.90

(2000)

2001-

2025 34.30

(2025)

3.40 11

2026-
3 2050 25 36.13

(2050)

5.23 17

analysis
Inc. in
Length of Annual actual value
. . Mean
No Time series Record from base
. Value .
in years S period
in°C e
in °C
1 1992-2000 9 29.08
(2000)
2 2001-2025 25 30.17 1.09
(2025)
3 2026-2050 25 31.22 2.14
(2050)

*(Annual mean value at a particular time period)

Evaporation is directly proportional to temperature. From
the obtained results, it is verified that mean annual
evaporation loss increases upto 17% with 7.35% increase
in temperature during they year 2050. Finally, it is
observed that the approach adopted here is more rigorous
in regional basis. It considers changes in temperature, and
evaporation due to climate change scenario.

5. Conclusions

Two approaches (GP and Thornthwaite method) have been
applied for Kovilar reservoir. From this study, GP has
good potential for the non-linear effects by considering the
parameters which having more influence to affect the
evaporation process. GP model results are compared with
Thornthwaite model. GP model gives satisfactorily better
performance than Thornthwaite model. Thornthwaite
model underestimates the evaporation this may be due to
the empirical nature. These models are calibrated for a
certain set of conditions and that it may not be applicable
outside of this environment. These models, being
developed with the local data alone, offers obvious
advantages over the general evaporation models which are
very generic. Thus, GP model provides the promising
algorithm which can accurately estimate the local
evaporation losses. Markovian chain series generates a
reliable forecasted value which is used to calibrate the GP
model. These models could be a better choice for climate
change prediction in regional basis level. This can be
coupled with General Circulation Models (GCMs) to
predict the global climate change.
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