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In hydrological cycle, water is always in movement and the hydrological cycle is described by the
continuous movement of water on, above and below the Earth's surface. There is no beginning or end in
the hydrological cycle because it is truly a cycle. Water is evaporated from the land and ocean by the
latent heat and the water vapor rises. Thereafter, it condenses into clouds and they will be rain. The rain
hits the ground and part runs off, part infiltrates into the ground, and part evaporates back up into the sky.
The water from soil will be taken by the plants and vegetation and the water will be released into the air
through transpiration. Other parts of the ground water enter streams and flows onto the surface.
Eventually, the surface water that runs off in streams, towards the ocean, will be evaporated and continued
the cycle. To concern the amount of water in the hydrological cycle, the concept of the water budget is
considered [8], [9].

The water balance concerns the amount of water entering a system (through rainfall and river and
groundwater flows) and the amount leaving a system (through evaporation, plant transpiration and river
and groundwater flows) as presented in Figure 2.

The water balance may be expressed as following equation

(P+Q, +Qy)-(ET+Q, +Q,)=AS



where P is rainfall MCM), Qg is surface inflow (MCM), Qg is subsurface inflow (MCM), ET is
evapotranspiration (MCM), Qg is surface outflow (MCM), Q. is subsurface outflow (MCM), and AS
is change in storage within the domain that consists of change in surface water, subsurface water and
percolation.

For this study, the domain of interest at each site represents a sub-basin that consists of agricultural,
municipal, industrial and forest uses of water. The size of each sub-basin is sufficient to analyze
separately from the entire basin in which it is located. The time period of interest is from January to
December in 2002.
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Figure 2 The components of water balance concept

To compute water balance in eight sub-basins, Ping, Wang, Yom, Nan, Sakae Krang, and Pasak sub-
basin were thought as the upper sub-basin because they are included no surface inflow at the apex of their
sub-basins. Water balance in Wang sub-basin was firstly computed to determine subsurface outflows and
the change in storage for each month. The subsurface and surface outflows of this sub-basin were side
flow entering Ping sub-basin. Water balance in Ping sub-basin was then calculated to concern subsurface
outflows and the change in storage. Thereafter, the water balance in Yom, Nan, Sakae Krang, and Pasak
sub-basin were also calculated to obtain subsurface outflows and the change in storage for each sub-basin.
Finally, subsurface and surface outflows from Ping, Yom, Nan, Sakae Krang, and Pasak sub-basin were
inflow entering Chao Phraya sub-basin. For surface inflow entering Tha Chin sub-basin, water was
diverted from Chao Phraya sub-basin. Since it’s difficult to separate subsurface inflow between Tha Chin
and Chao Phraya sub-basin, water balance of these two sub-basins was calculated together. Then, surface
outflow and the change in storage of two sub-basins were results.

In the upper watersheds, the surface inflow (Qq ) and the subsurface inflow (ng) equals to zero.
The rainfall was derived from meteorological data and TRMM (3B42 V6) image while the actual
evapotranspiration was derived from MODIS satellite imagery, as well as from meteorological data. This
actual evapotranspiration was for non-irrigated, irrigated and forest area. However, it can be presented the
evaporation from reservoirs and bare soil. The surface outflow (Q, ) was obtained from existing stream
gauging records that are consisted of P17, W4A, Y17, N10A, CT8, and S2 station for Ping, Wang, Yom,
Nan, Sakae Krang, and Pasak sub-basin, respectively. For surface outflow of Chao Phraya and Tha Chin
sub-basin, Molle (2001) said that, to control the intrusion of saline water, minimum flows for the Chao
Phraya and Tha Chin Rivers are respectively 50 and 35 m’/s. Also, the main difficulty is that the
discharge of the Chao Phraya and Tha Chin Rivers at its mouth cannot be easily measured because of the
effect of tidal. Then, minimum flows (50 and 35 m3/s) are used in this study. The subsurface outflows
(Qg,) and the change in storage (AS) were derive by the concept of trial and error under the condition
assumed that annual change in storage for each sub-basin equal to zero because storage value recovers
close to zero at the beginning of each year. Since the subsurface water and the change in storage are



results of this computation, it’s important to validate the significance level of these results using the
statistical significance.
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