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ABSTRACT 
 

Nan River Basin contributes about 25 to 40 percent of annual flows in the Lower 
Chao Phraya River Basin where main agricultural, manufacturing, service, and 
domestic water use sectors located. Water allocation during dry season depends 
mainly on the amount of water storage at the end of rainy season in the four main 
reservoirs in the upstream of the Chao Phraya River. However, impacts across 
sectors are also important in developing strategies to mitigate drought. Understanding 
cross-sectoral interactions from both water resources and economic point of view 
provide better insight in decision making. This study proposes a framework of cross-
sectoral analysis of water allocation during dry season between three sectors 
(agriculture, manufacturing, and service and domestic) in the Nan River Basin with 
the consideration of impacts to the Lower Chao Phraya River Basin. An assessment 
model in this study is based on the water budget and the Input-Output model. 
Preliminary results of economic analysis of cross-sectoral impacts of water allocation 
in the Nan River Basin show the importance of considering interactions between 
sectors and non-hydrologic factors in developing strategies to mitigate droughts. 
 
Keywords: Drought, Water allocation,Input-Output Table, Nan River Basin. 
 

1. INTRODUCTION 
 
Drought has been a perpetual problem in many countries (Limsakul, 2009). Thailand 
has been greatly affected by drought in recent years. The water storage in the four 
major reservoirs in the Chao Phraya River Basin that insufficient water supply for 
each sector became problematic in terms of water management. The agricultural 
sector, the major water use, has been largely affected. Hence, the reduction of 
agricultural yield inevitably impaired national economic growth. This study aims to 
demonstrate the analysis of cross sectoral impact of water deficits by combining 
water budget calculation (estimation of water supply and water demand) and 
economic assessment using the input output table.  
 

2. METHODS 
 
2.1     Study Area: Nan River Basin 

 
Nan River Basin is one of the upstream of the Chao Phraya River Basin in the 
northern of Thailand. With a total area of 34,682 km2, it traverses 11 provinces 
including Kamphaengphet, Phayao, Phrae, Nan, Loei, Sukhothai, Uttaradit, 
Phitsanulok, Phichit, Phetchabun and Nakhonsawan. The mean annual precipitation 
and mean annual runoff are approximately 1,267 mm and 11,955 Mm3. The land use 
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includes agricultural area of approximately 37.64%, manufacturing and service areas 
of 9.56% and forest area of 52.80%. The water demand of each sector includes 
agricultural sector of 6,276.33 Mm3/year, manufacturing sector of 13.61 Mm3/year, 
and service sector of 22.50 Mm3/year (Koontanakulvong, 2011).  

 

 
Figure 1. Study area of Nan River Basin 

 
2.2  Methodology 

 
The study comprises (Fig. 2): calculations of Nan River Basin’s GDP, water demand, 
and the water supply. Water deficit is calculated from the available water supply 
minus the water demand from each sector, namely agriculture, industry, service and 
domestic use. Economic value of water of each sector is calculated by using the 
input-output table hybridded with water use. Finally, economic assessment of cross 
sectoral impact from water deficit is calculated.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Methodological framework 
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Figure 3. Runoff stations in the study area 
 
 
2.3  Water Budget of Nan River Basin 
 
The Nan River Basin is partitioned into 5 regions (Fig. 3). The amount of water supply 
is calculated based on runoff from five streamflow stations. 
 

(a) The first study area is the northern part of Nan province. The runoff station 
used is N.64 located in Muangdistrict, Nan province.  

(b) The second is in the central part of Nan province. The runoff station used is 
N.64 in Muangdistrict and N.13A in WiangSa district of Nan province.  

(c) The third is located in the lower part of Nan province. The runoff station used 
is N.13A. The flow measurement of the runoff is located in Sirikit Dam located 
in Thapra district, Uttaradit province.  

(d) The fourth covers Uttaradit and Phitsanulok provinces. The runoff station 
used is N.12A in Thapra district of Uttaradit province and N.5A in Muang 
district of Phisanulok province.  
 

The runoff estimation considers the water balance of inflow and outflow; the net water 
balance is the amount of change in storage.  

 
 
 
 

 
 
 
 

Figure 4. Calculation of water budget 
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2.4 Water Demand of Nan River Basin 

 
In this study, the analysis is based on Thailand’s input-output table in 2010 thus the 
water supply and demand are carried out based on data of 2010. The calculation of 
water demand in each sector is outlined in this section.  
 

(a) From agricultural sector: The crop coefficient (Kc), the reference crop 
evapotranspiration (ETo), and crop area are used to estimate the crop water 
demand (ETcrop). The Royal Irrigation Department provided values of Kc and 
ETo (OMWH, 2012) for 40 different cash crops. The ETo for these crops are 
calculated monthly using Penman-Monteith method for the convenience of 
usage in the calculation of crop water need. The crops water need is 
calculated from ETcrop = Kc x ETo in mm/day.  

(b) From industrial sector:  The horsepower from the industrial factories 
gathered in 2013 (DIW, 2013) is multiplied with the amount of water demand 
per horsepower per day for different factories. The later information was 
gathered from the study by CU WRSRU (CU WRSRU, 2005). According to 
the Federation of Thailand Industrial (WIS, 2014), there was higher national 
water demand for industries during 2013 than 2010. Here, it is essential to 
obtain the correction factor in the estimation of water demand from industry. 
This correction factor is the quotient of the water demand from 2010 and the 
water demand from 2005, which was 0.31.  

(c) From service sector: It includes the water from household usage, service 
business, and tourism. As there is no definite method of precise estimation, 
the data are assorted into two groups, namely; household water demand, and 
the water demand in service and tourism. The amount of household water 
usage for individuals (in Liters per capita per day, Lpcd) is obtained from the 
Department of Provincial Administration of the Ministry of Interior (DPA, 
2010); this is gathered at a district level for 2010. The amount of water 
demand for service and tourism is obtained from Tourism and Health Sector 
of the National Statistical Office.  

 
2.5 Input – Output Model of Nan River Basin 
 
The Input-Output model of the Nan River Basin is a tool for assessing economic value 
of water and damage incurred in the basin. The nation input-output table needs to be 
transformed into a river-basin-scale based on the RAS method (Miller et al. 2009). 
The methodology requires finding of GDP of the three sectors.  
 

(a) GDP from agriculture (A) is calculated from land use data in 2009 from the 
Land Development Department (LDD, 2009) regarding the crop types grown 
in the area and the agricultural land use for different crop types (in rai, 
1600𝑚2). The information of the yield for each crop type and the monetary 
values for each crop type are obtained from the Office of Agricultural 
Economics (OAE, 2010) and the Department of Internal Trade (DIT, 2010) 
respectively. GDP from agriculture in the Nan River Basin is approximately 
43,412 million baht4. 

(b) GDP from industry (M) is calculated from the cobb-douglas Production 
Funciton, Q = aKbLc (Chuenchum, 2005); where variables K and L are the 
capital input and labour input respectively and constants a, b, and c are the 
total factor productivity, the output elasticity of capital and of labour 

                                                   
4 1 Thai Baht = 0.029 US dollar. 
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respectively. The constants a, b, and c need to be determined for the 
calculation. The GDP from industry is found to be 17,704 million baht.  

(c) GDP from service (S) is calculated based on GPP from provinces in the 
Nan River Basin in service sector. The GPP is further distributed to district 
level. GDP from service is approximately 170,867 million baht.  

 
The input-out model of Nan River Basin is shown in Table 1 as a result from 
transforming the national input-output table using basin GDP from three sectors and 
RAS method.  

Table 1. Input-Output model of Nan River Basin 

 

 
A M S SUM IT SUM FD SUM TO GDP 

A 18,073 24,647 17,039 59,760 10,014 69,773 43,412 

M 5,448 20,070 33,308 58,826 11,849 70,675 17,704 

S 2,843 8,257 85,528 96,627 210,120 306,748 170,867 

SUM IT 26,361 52,971 135,881 

 

(Unit: Million Baht) 
SUM VA 43,412 17,704 170,867 

SUM TI 69,773 70,675 306,748 

 
2.6 Economic Value of Water  
 
After the water demand and the input-output model of the Nan River Basin in 2010 
are obtained, economic value of water per unit volume can be estimated (Suttinon et 
al. 2014). The value of water is calculated for each five region of the Nan River Basin 
described in the water budget and the water value can be easily obtained from the 
table of Input-Output model of the Nan River Basin by dividing the total economic 
input value (Total input, TI) with the water demand for each sector and for each 
region of the Nan River Basin.  

 
3. RESULTS AND DISCUSSION 
 
3.1  Water Demand 

 
Table 2 gives water demand for each sector of the different parts of the Nan River 
Basin including agriculture (32,058 Mm3), industry (3.75 Mm3), and service (161.7 
Mm3). For the upper part of the Basin, the highest water demand for all sectors is in 
the urban area where economic growth is concentrated. The lower part of the river 
basin, traversing Uttaradit, Phitsanulok and Pijit provinces, uses most of the water for 
agriculture and service; considerably more water in comparison to the upper river 
basin. Yet, both the upper and lower regions are comparable in populated. Hotels, 
tourist sites, shopping malls, as well as transportation are also high in both regions. In 
terms of water demand of industries, the lower basin uses about 1 Mm3 more than the 
upper basin. Industries are located more around Pijit and Phitsanulok.  
 
3.2  Value of Water 

 
Table 3 gives the outcome of the estimation of the economic value of water in 
different regions in Nan River Basin. The value of water in different regions vary with 
water demand such that high water demand in any sector results in low economic 
value of water. Thus from data and calculations, industrial sector is considered to hold 
highest water value for all regions as industry consumes less water compared to 
other sectors but returns high profit. The second follow-up sector in driving economic 
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growth is services. Services rank second in water demand after agriculture, but has 
higher value as services also includes tourism and transport, which give high returns. 
This led services to hold its water value second after industry, while agriculture holds 
the lowest value. This is as agriculture demands large amount of water, but the 
produce sold are of little monetary value. From a detailed analysis of the national 
input-output table, the cost in agriculture is about 60%. The average values of water 
in the upper region of the Basin for the three sectors are 915, 2,045, and 29,887 baht, 
respectively. Those of the lower region are 6, 45,582, and 5,401 baht, respectively.  
 

Table 2. Water demand of Nan River Basin (in m3) 
 

Area of the River Basin Agriculture Industry Services 

Upper Nan  65,979,945 24,337 8,050,931 

Urban Area of Nan  268,613,826 141,088 15,268,557 

Lower Nan Province 48,816,756 25,870 9,747,009 

Uttaradit and Phitsanulok 9,159,283,969 1,265,053 42,384,914 

Part of Pijit and Phitsanulok 22,514,686,852 2,002,361 86,054,944 

 
Table 3. Value of water in Nan River Basin 

Area of Nan River Basin Agriculture Industry Services 

Area of Upper Nan 

Province 
1,057 2,904,063 38,101 

Urban Area of Nan 260 500,933 20,090 

Area of Lower Nan 
Province 

1,429 2,731,950 31,471 

Area of Uttaradit and 

Phitsanulok 
8 55,868 7,237 

Partial area of Pijit and 
Phitsanulok 

3 35,296 3,565 

 
3.3  Analysis of Water Budget and Water Demand 

 
From the time series plots of the water supply against water demand, it is found that 
the upper river basin of Nan has extremely low water demand for all sectors as 
compared to the lower river basin. This is due to large agricultural area in the lower 
part of the basin especially rice fields in Uttradit, Phitsanulok, and Pijit. In particular, 
water supply is much lower than water demand in Pijit and Phitsanulok. In considering 
the water use in other sectors, it is found that industries and services require much 
less water. After the governmental allocation of water’s scheme was applied both 
sectors will not receive direct impact from the insufficient amount of water; however, 
the indirect impacts still remain.  
 
In consideration of the deficit volume of water for each region shown in table 4, the 
upper Nan province does not encounter deficiency in water supply. Regions 2-5 of 

Nan River Basin face water deficit for agriculture, amount up to 23,337 Mm3. As 
mentioned, Uttaradit, Phisanulok and Pijit in the 4th and 5th regions is greatly deprived 
in water resource. The accumulation of water deficit for both provinces amount up to 

23,289 Mm3, or 99.79% of total deficit.  
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Figure 5 (a, b). Northern Nan province area and Central Nan province area 

 

 
Figure 5 (c, d). Lower Nan province area and Uttaradit and Phisanulok area 

 

 
 

Figure 5 (e).Phisanulok and Phichit area 
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Table 4.  Deficit volume of water in Nan River Basin 

Area of Nan River Basin 
Agriculture 

(Mm3) 

Industry 

(Mm3) 

Services 
(Mm3) 

Area of Upper Nan Province 0 0 0 

Urban Area of Nan 47.5 0 0 

Area of Lower Nan Province 0.59 0.0003 0.05 

Area of Uttaradit and Phitsanulok 6,109 0 0 

Partial area of Pijit and Phitsanulok 17,180 0 0 

Total 23,337 0.0003 0.05 

 
There are two ways to ease out the problems of the water deficit: to increase the 
water supply and to decrease the water demand. In this study, the government’s 
mitigation measures (DWR, 2014) are evaluated their effectiveness of the measures 
in mitigating the amount of water deficit. There are two dimensions to the mitigation 
measures: the first of which can be executed right away and the second measures 
involving parts that can be executed right away and parts that would require time 
inoperation. These can be explained as follows.  
 
The first mitigation measure encourages farmers to grow low water requiring crops 
such as soybeans instead of out of season rice or even ceasing to grow rice and 
sugar cane all together, as they are high water consuming. The reduction of water 
use for sugar cane can be done by reducing its land area to half; instead, emphasize 
production of quality rice and improve surface water potential.  Since various 
preceding governments, there have been approved projects to improve both the 
irrigated and non-irrigated land, resulting in the increased quantity of water supply by 
12.62% (Department of Water Resource, 2005). In addition, groundwater has also 
been pumped to be distributed as water supply in different provinces. (Department of 
Ground Water Resources, 2011) 
 
The second mitigation measure will also involve scheme similar to the previous 
mitigation measure, but order will be taken to systemize crop plantation in terms of 
Crop Zoning starting with rice grown in season in the river basin. Cooperation will be 
made with rice farmers planting rice only in area of high crop-potential in the percent 
set in each province by the rice administrative officials; the aim is to boost rice quality.  
 

Table 5. Deficit volume after mitigation measures 

 

Area of Nan River Basin 

Agricluture  (MCM) Industry(MCM) Services )MCM) 

Measure 
no. 1 

Measure 
no. 2 

Measure 
no. 1 

Measure 
no. 2 

Measure 
no. 1 

Measure 
no. 2 

Area of Upper Nan 
Province 

0 0 0 0 0 0 

Urban area of Nan 41 20.3 0 0 0 0 

Area of Lower Nan 
Province 

0.30 0 0 0 0 0 

Area of Uttaradit and 
Phitsanulok 

5,425 769.1 0 0 0 0 

Area of Pijit and 
Phitsanulok 

16,323 4,117.7 0 0 0 0 

Total 21,789.3 4,907.1 0 0 0 0 
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3.4  Damage Assessment from Deficit Volume 

 
The water deficit of the Nan River Basin can be used to estimate the economic loss in 
the Nan River Basin estimated in 2 methodologies. The first methodology considers 
the economic loss in individual sector without consideration of its effect on other 
sectors. Meanwhile, the second methodology examines the economic loss that 
affects across sectors. In fact, an effect on one sector will surely impact the rest. The 
first methodology involves multiplying water value with the amount of water deficit in 
each region of the river basin to obtain the monetary worth for one sector. The 
second methodology uses the Input-Output model of Nan River Basin and the water 
value in each region of the river basin to analyze the financial loss via the Leontief 
inverse matrix (Miller et al. 2009) stating that 
 

𝑋 =  (𝐼 − 𝐴)−1𝐹 
 

Where X is the economic loss considering cross-sectoral impacts; I  is a 3X3 identity 
matrix; A is a 3X3 matrix whose vertical entries are quotients of contribution from 
intermediate sectors and the total input of each sector; F is the Final demand of the 
product that considers losses only in individual sector as obtained in the first 
methodology. The multiplication of the inverse matrix  (𝐼 − 𝐴)−1 with F allows X to be 
computed as economic loss involving all sectors.  
 
Table 6 shows that the governmental mitigation measures in both methodologies did 
reduce the detriment from drought. The two methodologies in analyzing the 
detriments reveal that the losses for each of the sectors are distinct.  Namely, the 
overall contributions of the losses computed from two methodologies are as 
difference as a multiple of 2, where the methodology 1 and 2 subside direct financial 
loss by approximately 11.4% and 76.4% respectively; they abate the indirect financial 
deficit by roughly 11.6% and 77% respectively.  In short terms, the government 
should employ methodology 1 as an emergency mitigation scheme to prevent any 
possible shortfalls. In a long run, the government should partake in the allocation of 
cultivation for all crop types to maximize the potential of water use.  
 

Table 6. Damage assessment in Nan River Basin 

Area of Nan River 
Basin 

Methodology 1 )Million Baht) Methodology2 (Million Baht) 

w/out 
measure 

Measure 
1 

Measure 2 w/out measure 
Measure 

1 
Measure 

2 

Area of Upper Nan 

Province 
0 0 0 0 0 0 

Urban area of Nan 12,350 10,636 5,277 21,273 18,320 9,090 

Area of Lower Nan 

Province 
3,064 2,619 428 6,177 5,233 738 

Area of Uttaradit and 

Phitsanulok 
46,697 40,579 5,753 80,435 69,896 9,909 

Area of Pijit and 

Phitsanulok 
53,690 51,541 13,544 92,480 88,777 23,330 

Total 115,801 105,375 25,002 200,365 182,226 43,067 
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4. CONCLUSIONS 
 
The studies show that GDP from Nan River Basin in agriculture, industry, and 
services are 43,412, 17,704, and 170,867 million baht respectively. The water 
demands in these sectors are 32,058, 3.75 and 161.7 Mm3. The average water value 
for the Upper Nan River Basin for the three sectors are 915, 2,045,650, and 29,887 
baht; whereas those of the Lower Nan River Basin are 6,45, 582, and 5,401 baht. In 
conclusion, it was found that the amount of water deficit of agriculture is the only 
sector with the greatest water deficiency of 23,337.1 Mm3. When the two 
governmental mitigation methodologies had been applied, the water deficit was 
reduced to 21,789.3 and 4,907.1 Mm3 for methodology 1 and 2 respectively. Without 
the mitigation measures, both the direct and indirect financial losses would be up to 
115,801 and 200,365 million baht respectively. Employing methodology 1 would still 
lead to a direct and indirect financial loss of 105,375 and 182,226 million baht 
respectively. Meanwhile, employing methodology 2 would still result in the direct and 
indirect financial losses of 25,002 and 43,067 million baht respectively. Thus, the 
government should increase water supply by either improving irrigation systems, or 
digging ponds for water storage, as well as improving farmer’s agricultural knowledge 
so that engagement of planning will always be employed prior plantation and serves 
to reduce any imminent damages.  
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