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Abstract

Today, water in the Long Xuyen Quadrangle-An Giang (LXQAG)
(Mekong River delta, Vietnam) is becoming scarce in some sea-
sons and some districts in the region, especially when the sce-
narios of climate change will affect water resources in the future.
Therefore, it is necessary to make decisions about water conser-
vation and distribution to ensure compatibility with the social
objectives such as economic efficiency, sustainability and fair-
ness. The mathematical models used for water distribution and
balance calculations are the prominent themes nowadays. To per-
Jform this task, it needs to calculate the water needs for all eco-
nomic sectors. In this article we are particularly concerned about
water demand calculation methods for crops and aquaculture.
Because these are the two main commodities accounting for the
highest water usage in the region. Water demand for crops is cal-
culated through potential evaporation using the methods of Har-
greaves & Samani, Priestley and Taylor and Penman-Monteith
to check if the first two simpler methods with less data demand
could be used to estimate evapotranspiration. The results show
that the simpler methods were significantly different and there-
fore water demand calculations must be based on the Penman-
Monteith method for the water demand of crops and the methods
of Penman to calculate expansion evaporation for aquaculture.
The result shows that the total water demand in 2015 is 6,428
million m*/year. It is estimated that in 2020, agricultural water
demand will rise by 71% compared to 2015 to 22,531 million
m’/year. The main reason for this rise is that the local managers
expect the catfish farming area to increase by 80%, if people
apply the “VietGAP standards”.
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1 Introduction

Water resources have always been closely linked with the
activities of human life. Unequal distribution of water resources
in both space and time has posed the greatest problems in terms
of water security to various social and economic sectors. In
South-East Asia the competition for water between economic
sectors has become fierce due to fast population growth, indus-
trialization, and urbanization. [15]. The Meckong River Delta
is an important agricultural and economic region in South
Vietnam which experiences all these problematic symptoms of
social and economic expansion. The Long Xuyen Quadrangle-
An Giang Provice (LXQ-AG; Fig. 1) of Vietnam is a subregion
of the Mekong River Delta, where a network of canals have
provided water resources for a wide variety of purposes: irri-
gation for agricultural crops, fresh water aquaculture, animal
husbandry, poultry, supply for domestic use and industry. How-
ever, water resources in the area have been overused: water
wasn’t used efficiently and shows sign of degradation at many
places. Surface water pollution in channels is typical. The main
pollution sources are human waste, and waste from livestock
and poultry, and aquaculture [2]. Further exploitation of water
resources for commercial purposes and water pollution is
increasing [17]. In fields deep inside the region (farther from
the large rivers at the perimeter) the water quality situation is
usually more serious. Pesticide pollution is not yet widespread,
but in some places contamination has already affected aquatic
ecosystems [34].

In areas, like the LXQ-AG, where agricultural and aqua-
cultural activity is intensive the total regional water demand
is dominated by processes strongly bound to evaporation and
evapotranspiration (ET). The direct and regionally representa-
tive monitoring of evapotranspiration is difficult, so mathemat-
ical models based on meteorological data and crop quality data
are typically used to estimate a potential ET (ET ), of which a
certain fraction determined by water availability will be actu-
ally evapotranspirated. Different methods exist for estimating
ET,. Energy balance techniques have been used widely and
Szilagyi [27], Sellers [28], Webb [38], Rosenberg [25], and
Tanner [30] have reviewed these methods in detail. Besides
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these physically-based relationships, several empirical formu-
lae have been developed to relate evaporation to one or few
meteorological parameters and fair agreement with evapora-
tion pans has been obtained ([23],[31],[4],[36],). However,
these require calibration to local circumstances. Evapotranspi-
ration estimates are less frequent for tropical than for temper-
ate regions, so water demand calculations are therefore more
uncertain. In general, the daily average ET in the tropics is
about 5.2—7.1 mm [14]. During the wet season, ET > 5.5 mm/
day is typically observed in South Vietnam [35]. These values
are expected to vary depending upon location-specific factors.
For example, during drought stress, even in the wet season, ET
rates from wetland rice may increase because of high advec-
tion from adjoining areas [35]. These approximate numbers
project a significant agricultural water demand, which renders
the region vulnerable in terms of water security.

In recent years, rice cultivation in this region faces many
difficulties due to the high variability of weather conditions.
It has been observed that severe droughts, which recently take
place during the first growth stage in February or March, and
heavy rains, which often fall in September or October, cause a
lot of damage to the Winter-Autumn crop. On the other hand,
the October crop normally suffers from water logging and
floods at the vegetative phase, and also from the shortage of
water at the late reproductive phase [32]. Climate change and
the use of water resources in upstream countries have impacted
severely the Mekong Delta, including LXQ-AG. Saltwater
intrusion has been threatening agricultural production as well
as people living in the region [9]. With the recent introduc-
tion of high-yielding, nitrogen-responsive rice varieties, the
actual yield of rice cultivation now depends greatly upon the
water supplied. The socio-economic development of LXQ-AG
region until 2020 aims to ensure that rice production and aqua-
culture contribute to food security of the growing population
[17]. Therefore, the water demand of agriculture is expected to
increase in the future. Moreover, the impact of climate change
increases the water demand for crops, because the temperature
and evaporation increases [39].

This paper focuses on the estimation of agricultural water
demand in the LXQ-AG in 2015 and makes projections for
2020. For the estimation of agricultural water demand we first
evaluate different models of potential evapotranspiration.
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Fig. 1 Vietnam (left) and location of LXQ-AG (right)

2 Methods

The agricultural water demand of the region is calculated
on summing up the water demand of aquaculture, and agricul-
ture for both 2015 and 2020. Both of these demand constitu-
ents are complex are complex and climate-dependent, as they
require reliable estimates of evapotranspiration (for crop water
demand) and open water evaporation (for water demand of
aquaculture). To ensure the robustness of our calculations, we
compare two simpler models of potential evapotranspiration to
the widely accepted Penman Monteith model and assess their
performance in this tropical region.

2.1 Meteorological data

Monthly meteorological data (air temperature, relative
humidity, precipitation) were available from the statistical and
hydrological yearbooks of An Giang province for the last 6
years [29]. Average meteorological conditions were assumed
by calculating means for all meteorological statistics.

2.2 Potential Evapotranspiration

We calculated potential evapotranspiration (ET,) on the daily
scale by the modified Hargreaves [12], [1], Priestley-Taylor
[22] and FAO Penman-Monteith equations [1]. The modified
Hargreaves equation [12]; The Hargreaves model is an empiri-
cal model based on extraterrestrial radiation and temperature:

(M

where ET = reference grass evapotranspiration estimated

ET,= a + b 0.0023 (T.—T,)**(T +17.8)R, / A

(mm d™); Tx = maximum daily temperature (°C), T = daily
minimum temperature (°C), 7 = daily mean temperature, 7’ =
(T+T)/2; R = extraterrestrial radiation (MJ m™ d™), 4 = latent
heat of vaporization (MJ kg™). The a and b coefficients can be
used to fit the equation to local conditions, their default values
area=0andb=1.

The Priestley-Taylor [22] equation is a less empirical model,
it is a simplification of the Penman-Monteith equation (see later)
by replacing the aerodynamic term with an empirical coefficient:
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Where R = net radiation (MJ m>d'); G = soil heat flux den-
sity (MJ m2 d™); y = psychrometric constant (kPa °C™!); A =
slope of the saturation-vapour pressure relationship (kPa *C™).
According to [27], the coefficient a (>1) is included to express
the increasing effect of large-scale entrainment of drier, free-
tropospheric air [3]; [8]; [6]; [16]; [13]; [26]; [27].

The physically-based FAO Penman-Monteith equation [1] is
the most widely-used and least-empirical model of evapotran-
spiration and therefore used here as a benchmark for the two
simpler, empirical models:

0.408A(R, - G)+y 200 u,
ET = T+273

0 A+y(1+0.34u,)

where T'= mean daily air temperature at 2 m above ground

(e,—e,) 3)

(°C); u,= wind speed at 2m above ground surface (m s™'); e =
saturation vapor pressure (kPa), e = actual vapor pressure (kPa).

2.3 Actual crop evapotranspiration

Potential evapotranspiration for non-reference crops (ET)
was calculated through potential evapotranspiration (ET,) and
the crop coefficient by using the formula:

ET, = K ET, )

Where K is the crop coefficient. K varies between crops,
the cultivation season and growth stages of plants (germina-
tion, growth, flowering, fruiting, harvesting). A locally valid
seasonal relative Kc curve has been determined experimentally
by Le [17].

Values for K were assumed based on the experimental
results and studies of FAO for rice in Southeast Asia (Tab.1).

Table 1 The crop coefficient (K ) for the different growth phases of rice in
Southeast Asis according to the experimental results of FAO [10].
Growth

Phase

K 1.1-1.15

c

Develop-
ment

1.1-1.15

Initial Middle Late Harvest

1.1-1.3 0.95-1.05  0.95-1.05

Since the objective of this study is to calculate water
demands, we assumed water to be available throughout the
year and did not distinguish between potential and actual evap-
otranspiration.

2.4 Open water evaporation

The latent heat flux (mm d') of the small wet patch (repre-
senting ponds used for aquaculture) is defined by the Penman
(1948) equation:

Where 7a is the air temperature over the drying land sur-
face, ea is the actual vapor pressure (hPa), e* is the saturation
vapor pressure at 7a, and fu is the wind function, traditionally
expressed [3] as:

f, = 0.26(1 +0.54 uz) (6)

Where u, is the wind speed (m/s) at 2m above the ground.

2.5 Water demand of aquaculture
Water demand for aquaculture depends on season, types of
fish and farming methods. The majority of people in the project
area breed catfish using 2 seasons/year and each season is 5-6
months. The breeding period from beginning to end is 90 days.
The depth of the pond for catfish and breeding is between 1.5-2
m. People who raise fish for export need to change the water
every 10 days, each time changing 33—50% of the initial volume
of water. For breeding, water should be changed weekly; and
every time the 50% of the initial water volume is replaced [24].
Thus, the total water demand for aquaculture includes:
* The water needed for renovating the pond before stocking.
* The amount of water required in the pond
* The replaced water in different stages during the farming
process
» Evaporation.

2.6 Other water demands

Water demands for livestock were assessed based on per
capita values from National Standards of the State of Vietnam
[33]. Ecological water demand wasn’t assessed separately
because most water bodies in the study region are artifical and
heavily managed.

3 Results
3.1 Comparison of evapotanspiration models

As expected, the three different models of ET, resulted in
different estimates for annual potential evapotranspiration. The
Penman-Monteith model estimated 1,364 mm yr', while the
Hargreaves and Priestley-Taylor models suggested significantly
higher values (1,761 and 1,549 mm yr', respectively). This out-
come highlights that simpler models lacked certain mechanisms
that limited ET in this warm and humid environment.

We analysed the day-to-day variability of ET from the three
models. The Priestley-Taylor and Hargreaves models had equal
variability (ET, Hargreaves = 4.83 + 0.46 mm/day, ET Priest-
ley-Taylor = 4.24 + 0.46 mm/day).

However, the relative variability of Hargreaves (9.5%)
is smaller than the error percentage of the Priestley-Taylor
(10.9%). The variability of Penman-Monteith was 0.34 (ET,
Penman-Monteith = 3.73 + 0.34mm/day), which is obviously
smaller than for the two simpler models, but the relative vari-
ability was close to the other models (9.11%) due to the sig-
nificantly smaller mean value. This means that all models man-
aged to capture the relative variability of ET|.
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To assess the importance of different meteorological forc-
ings we calculated correlations between ET and temperature
or radiation. Results show that the evaporation value has a close
correlation with temperature in Hargreaves method (2= 0.895),
which was expected as temperature being the primary forcing
in this model. Meanwhile, the coefficients of determination of
the Priestley-Taylor and Penman-Monteith were 0.64 and 0.72
respectively, which suggests that other mechanisms are better
represented in these two models compared to the Hargreaves
equation. Coefficients of determination with R _were 0.40, 0.32,
and 0.85 for the Hargreaves, Priestley-Taylor, and Penman-
Monteith models, respectively. This suggests that the simpler
models fail to incorporate the radiative forcing in a properly
representative way. Therefore, we conclude that simpler mod-
els are not useful for calculating potential evapotranspiration in
tropical regions without a site-specific recalibration and we use
ET, from the Penman-Monteith model from this point on.

3.2 Crop water demand: number 3,594m?/ha

The results show that water demand for crops is generally
high in the first month because of land preparation. During the
next months, water demand greatly reduces. Water demand of
the Summer-Autumn rice crop (the 2" rice crop) is the high-
est (5,390 m*/ha). Next, the Winter-Spring season (the Ist rice
crop) is 4,771m>*/ha. Lowest water demand is the Autumn-Win-
ter rice crop (the 3rd rice crop), only 2,748 m* ha, because this
time coincides with the rainy season, so the extra water needed
for rice is less than the remaining months. Particularly for the
Summer-Autumn rice crop, water demand for rice is very high
in March when it’s hot, so the water is needed for soil prepara-
tion and sowing. Water demand for rice in the dry season is 6—8
times higher than in the rainy season, but cultivation methods
are not significantly different for each season.

Results show that from November to March, water demand
is higher than in the remaining months (Fig.2). Most people in
the study area cultivate winter-spring rice. Therefore, the rice
cultivation area for this season is higher than the two remain-
ing crops. Moreover, this period is the dry season, so water
demand for crops is relatively high. Particularly in March,
water demand is much greater than in the remaining months
(Fig.2), because this is the time for soil preparation and seeding
of the Summer-Autumn rice crop, and water demand is rela-
tively large for this activity (3.594 m’/ha). Moreover, this time
coincides with the calendar of annual crops, so the total water
demand of March is higher than in the remaining months and
is up to 1,250.66 million m*/year. While April to August water
demand ranges between 231.69-362.77 million m?/year. Sep-
tember and October are two months that have the lowest water
demand, due to these months having relatively high rainfall,
enough to meet water demands for crops (Fig.2).
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Fig. 2 Monthly water demand of crops in 2015

The calculation results show that the water demand for
crop production in 2015 is 4,229 million m?, in 2020 it will
be 4,394 million m®, which is an increase by 165 million m?
compared to 2015. The increase is insignificant, because the
area of winter-spring crop is expected to remain stable, and the
summer-autumn rice crop will decrease in the following years.
The reason for this is that farmers are expected to manage
losses. Therefore, some farmers will switch to vegetable crops
or let their fields barren. But the area forecast of autumn-winter
rice crops will rise. So, the area of annual crops will rise, but
their specific water demand is small. Therefore, the expected
increase of water demand of crop production is not large in the
2015-2020 period (Fig.3).
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Fig. 3 Total water demand for crops in 2015 and 2020

3.3 Aquacultural water demand

The amount of annual mean open water evaporation by Pen-
man’s (1948) model is 1,697 mm yr' or equivalently 4.6 mm
d'. The 2020 forecast of the average evaporation was calculated
for a climate change scenario to be 5.0-6.0 mm/day, so climate
change wouldn’t alter the evaporated amount significantly.

The total area for aquaculture in 2015 in LXQ-AG is 2,455.8
ha. Considering pond dimensions, pond operation guidelines
and the estimated evaporation, the total water demand of
aquaculture in LXQ-AG is 2,188 million m* yrl. Out of this
huge amount evaporation is responsible for only 2%, so pond
operating guidelines are practically the sole determinants of
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the aquacultural water demand. Total area for aquaculture in
LXQ-AG in 2020 is expected to increase to 7,540 ha 7,540 ha
due to promoted development of this sector. Moreover, water
demand of the expanded aquaculture sector with the new Viet-
GAP operating standards [20] may exceed 18,140 million m?
yr!, an increase of 8.29 times compared to 2015 (Fig. 4).

20,000.00
15,000.00

10,000.00

million m3

5,000.00

0.00

2015 2020

Fig. 4 Total water demand for aquaculture in 2015 and 2020

3.4 Livestock water demand

Water demands for different animal categories (buffalo, cattle,
pig, poultry, goat and sheep) were assessed separately (Tab. 2)
and summed up. Results show that the water demand for live-
stock is relatively low compared with other sectors. In 2015,
water demand was around 12 million m* yr'. In 2020, the projec-
tion for livestock water demand is 17 million m*yr!, an increase
by 41% compared to 2015 due to increasing animal numbers.

Table 2 Actual and projected numbers of animals their water demand in
2015 and 2020.

) In 2015 Wate.r de- In 2020 Wat“%r de-
Animals (heads) mand in 2015 (heads) mand in 2020
(m’/year) (m’/year)
Buffaloes 4,224 208,138 4,895 241,201.13
Cattles 127,373 6,276,305 179,092 8,824,758.3
Pigs 84,375 923,906 253,125 2,771,718.75
Poultry 4,672,899 4,690,422 5,226,396 5,245,994.98
Goat,Sheep 5,523 50,397 8,858 80,829.25
3.5 Total agricultural water demand
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Fig. 5 Total agricultural water demand in monthly basis in 2015 and 2020.

From the above calculations we show that the water demand
for agriculture (Crops: 4,229 million m*/yr + Aquaculture: 2,187
million m*/yr + Livestock: 12 million m*/yr) in LXQAG in 2015
was 6,428 million m*yr and will be 22,531 million m*yr in
2020 (Crops: 4,394 million m*/yr + Aquaculture 18,139 million
m¥/yr + Livestock: 17 million m*/yr). The demand will increase
by 16,122 million m*/yr, in which the majority is caused by the
aquaculture sector. Statistical data and our calculations show
that presently the water resources in LXQAG are used mostly
for crops, accounting for nearly 64% of the water use, followed
by the demand for aquaculture purposes accounting for 33.23%.
The above results reflect the economic reality of the locality in
which two key goods are rice and Pangasius spp.

Water demand for each month of the year in the research
region showed that irrigation accounts for the highest proportion
of water use (Fig. 5). Months with the highest water demand
during the year (March) average 29 % by 2015 and 17% in May,
2020. September and October have the lowest water demand in
the year, the demand for water for agriculture purposes accounted
for 97% (2015); and 99% (2020). The increasing demand in
2020 compared to 2015 is the inevitable result of the economic
and social development plans of local communities.

4 Discussion

Many programs have been used to calculate water demand
for crops. The CROPWAT model implementing the Penman-
Monteith equation (which was chosen in this study) was
already used to calculate water demand for agriculture in Ninh
Hoa, Vietnam [5]. The change in water demand of the crops to
the scenarios of climate change on the irrigated area in Trung
Ha-Suoi Hai, Vietnam has been shown [21]. To assess the abil-
ity of the water supply of the Ca river system for the economic
sectors, the research applied [QQM modeling to simulate water
balancing in watersheds. Hence, models can evaluate the effect
of the exploitation and water use plans in the basin [19]. The
experimental studies on the evapotranspiration of rice for the
Spring and October crops were carried out during a five-year
period in the Red River Delta of Vietnam. It was found that
the evapotranspiration of rice depends highly upon the growth
stages, the amount of fertilizer applied and climatological con-
ditions. However, a linear relationship between rice evapotran-
spiration and each of the factors (pan evaporation, sunshine
duration and atmospheric temperature) was significant only
for the Spring crop [11]. Water demand was also calculated
for all economic sections in the Mekong Delta including fresh
water and salt-affected areas. A total of 120 sub-irrigation arecas
was examined for this project [34]. Irrigation demand in the
Mekong Delta’s provinces in 2000 was also counted by Vo
[37]. Of which, the water demand for crops in LXQ-AG was
111 m%/s and 2020 will be 141m’/s. Our result for 2015 was
134m?/s, in 2020 we projected 139 m¥/s. These results are con-
sistent with Vo’s results [37].
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5 Conclusions

Surface water sources in LXQAG are currently being
exploited, and for many different purposes, agriculture being
the biggest water user.

Presently on a regional and annual scale surface water is
abundant due to the vicinty of large rivers. However, water
shortage already occurs in certain districts due to insufficient
irrigation infrastructure capacity and relatively large agricul-
tural usage. Projections of future water demands suggest that
water supply may be increasingly pressured during climate
change if that causes a reduction of available assets.

Spatially and temporally detailed water demand calculations
highlight the pressure of exploitation overuse particularly in
the dry season. To carry out these evapotranspiration needs
to be calculated and monitored preferably on a sub-monthly
scale. Based on data availability, we recommend the Penman-
Monteith model to be used and suggest the collection of the
necessary meteorological data in the region.
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