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Abstract: This study aims to discuss the use of water resources conservation and compensation fees 
in 2008, 2009, and 2010. The study also discusses the feasibility of using the conservation indicator 
the Normalized Difference Vegetation Index (NDVI) as a distribution factor for the compensation 
fee. Results from this study demonstrate that whilst NDVI is able to show changes in forested areas, 
the analysis is limited by large technical requirements and results are dependent on the quality of 
the satellite imagery. Therefore, the acceptability of the proposal to use the NDVI as a distribution 
factor for compensation fees by the township offices that make compensation fee applications is 
uncertain. This method requires more in-depth research to determine its feasibility. 

Introduction 

Water resources in Taiwan consist mainly of reservoir water, which supplies the general public as 
well as industrial water consumption. However, the sources of such water resources are mainly 
surface runoff in forestlands because forests can retain and conserve water (Xian-Yu Lu, 1996). 
Moreover, forest coverage also influences the level of discharge from the watershed (Hibbert, 1967; 
Bosch and Hewlett, 1982; Hornbeck, 1973; Robinson, 1993). As forest coverage decreases, the 
amount of peak water flow increases. However, because the land lacks forest to stabilize the soil, 
the waters experience high sediment levels(Trustrum et al., 1984). Subsequently, high density 
forests can stabilize water sources, reduce sediment in water, and thus reduce the cost of processing 
water supplies. In order to protect water resources, the Taiwanese Government in 2006 started to 
define the boundary of water supply quality and quantity protection areas and provided funding to 
township offices to implement water sources conservation plans. If the compensation fee can be 
paid to aid indigenous disaster victims in forest conservation work, forest can be saved from illegal 
felling, and, most importantly, indigenous forestry knowledge is preserved and passed on. 
According to the current water sources conservation and compensation allocation method, the 
administrative bodies in the water supply quality and quantity protection areas propose the annual 
water resources conservation and compensation plan, which is reviewed, approved, and submitted 
to the Ministry of Economic Affairs(MEA) for reference. The MEA then grants the approved cost 
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from its Water Resources Operation Fund(WROF) to the Water Supply Quality and Quantity 
Protection Treasury Team(WSQQPTT) who, according to the ratio of local land area and  
population, allocates and uses the funds in the respective township offices(Te-Shiu Huang, 2009). 
The funding for the water supply quality and quantity protection areas implements water resources 
conservation initiatives, building infrastructure for ecological conservation, and paying for 
compensation on public benefits for local residents and compensation for restricted land use. 
According to Chih-Ming Hung (2008), the current compensation policy suffers from two drawbacks. 
First, no consensus has been reached on the compensation distribution ratio for the various 
township offices, thus the fund cannot be utilized. Second, the works which the township offices 
apply the compensation for do not fulfill the intended objectives of the policy. Huang (2009) also 
pointed out that the current compensation distribution method cannot effectively reflect the level of 
contribution each township makes on water resources conservation, and hence why the 
compensation is ineffective in incentivizing the local areas to participate in water resources 
conservation works. In light of these observations, two recommendations can improve the 
compensation distribution method: 1) Ensure the treasury teams operate effectively; and 2) Increase 
incentives for water resources conservation. The incentive plan should adopt not only distribution 
by the ratio of population to land, but also specific indicators for water resources conservation and 
the number of inspected plans. The conservation indicators suggested include the NDVI, the Ratio 
Vegetation Index (RVI), and vegetation density. 
Kaoping River Basin is an important water source for Southern Taiwan, thus this study aims to use 
the water supply quality and quantity protection areas in this region as subjects, calculate the 
changes in the NDVI in these areas, and based on the recommendation of previous studies, discuss 
the feasibility of using the NDVI as a distribution factor for the compensation fee. 

Current Compensation Distribution for Water Supply Quality and Quantity Protection in 

Kaoping River Basin Region 

The water supply quality and quantity protection areas in the Kaoping River Basin cover 21 
administrative districts from east to west across Nantou County, Jiayi County, Kaohsiung City, and 
Pingtung County. The total area of this region is 2894.05Km2 s (Fig. 1). For brevity, we refer to the 
administrative districts by their assigned numbers in Fig1. 
The water resources conservation and compensation fee policy is now in its sixth year of 
implementation; however, at the time of this study, the Water Resources Agency(WRA) (2011) only 
had available the 2008, 2007, and 2009 data on the compensation fee for the water supply quality 
and quantity protection areas. Therefore, we adopted the land, population, and compensation fee 
data of these three years for this study.  
The solid line bar chart in Fig. 2 shows the land area of the administrative districts within the 
protection area in percentage; the largest and smallest districts make up 33.6% and 0.3% of the total 
land area respectively, so there is almost 30% difference in land area between these two 
administrative districts. Due to the influence of migration, birth, and mortality, the population 
differs year to year. Our comparison shows that from 2007 to 2009, the largest change in 
populations in the administrative districts is only by 1%, which is fairly insignificant. We therefore 
used the populations in 2007 to plot the slash-lined bar chart, as shown in Fig. 2. The bar chart 
shows the most populated administrative district makes up for 15% of the total area population, 
whereas the least populated district only contributes 1% toward the total area population: there is 
nearly 14% difference in the populations.  
Figure 3 shows the percentage of compensation fee the administrative districts have been granted 
over the three years. Only compensation fees received by District 6 and 18 show significant 
differences between different years. Compensation fees received by other districts demonstrate 
insignificant changes. We ask the question of how the administrative districts used the 
compensation fund they received. According to Paragraph 2, Article 12 of the Water Act, there are 
eight specified types of expenditure for which the compensation fund can be disbursed: 1) 
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Implementing of water resources conservation and water drainage systems, and the maintenance 
and management of ecological tourism facilities and other hydraulic facilities; 2) Providing career 
counseling for residents, consultation to companies in industries with interests for water resources 
and conservation, funds for educational stipends, medical and health insurance, electricity, 
consumer water bill reimbursement, and other public welfare compensations; 3) Compensating for 
owner or concerned stakeholders of lands whose uses are restricted due to the planning of the water 
supply quality and quantity protection areas; 4) Tax allowances for indigenous regions; 5) Reserves 
for emergencies; 6) Imposition of  water resources conservation and compensation charges related 
matters; 7) Provision for implementing necessary actions related to water resources conservation 
and compensation; and 8) Provision for implementing initiatives and plans related to the welfare of 
local residents, education on natural resources, research and conservations.  
Data on the assigned funds in 2007, 2008, and 2009 were collected and compiled to create Fig. 4, a 
graph on the percentage of the fund attributed to the eight types of expenditure. The horizontal axis 
of the graph represents the illustrated expenditure types by number, and the vertical axis is the 
distribution of funds by percentage. Figure 4 shows that from 2008 to 2010, expenditure type 1 
consumes the highest percentage of the total funds (over 60%), type 2 the second largest portion of 
funds (approximately 20%), and type 8 the third largest (approximately 10%). Within expenditure 
type 1, most funds are invested in carrying out civil engineering related plans; therefore, it is worth 
investigating whether forests are being successfully conserved with the regulation to provide 
protection areas compensation fees. 

 

 

Fig. 1 Water Supply Quality and Quantity 
Protection Areas in Kaoping River 
Basin 

Fig. 2 Land area and population of 
administrative districts in the Water 
Supply Quality and Quantity Protection 
Areas in Kaoping River Basin 

 

 
Fig. 3 Distribution of Compensation Fee in 

Water Supply Quality and Quantity 
Protection Areas 

Fig. 4 Distribution of Funds by Expenditure 
Type 

Kaoping River Basin 
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The Calculation of the Normalized Difference Vegetation Index (NDVI) 

Existing compensation distribution methods only consider population and land area. Once an area is 
assigned as a water supply protection area, many land development and commercial development 
plans are affected. In order to achieve a balance between the economic development of the 
protection area and the protection and conservation of water resources, the currently regulation 
distributes the funds for compensation fees based on population and land area, so administrative 
districts with larger populations or land areas receive larger compensation fees. However, this 
design does not account for some situations. For instance, administrative districts with relatively 
smaller land area and populations, and considered to have low density forestry, realistically need 
more funds to help them implement water resources conservation plans. In light of this, the NDVI 
will be adopted as the indicator for current conservation situations. The following section will use 
the NDVI as indicators for the current conservation efforts, and discuss the feasibility of using it as 
the indicator for compensation fee distribution by studying the changes in the NDVI. 
Due to limited research funds, this study only calculated the NDVI for administrative district No. 20. 
The image data used in this study are satellite images taken by Taiwan FORMOSAT-2 prior 
(January 2009), post (September 2009), and one year after Typhoon Morakot (January 2011). The 
satellite images were taken by four different wave bands including red light, blue light, green light, 
and near-infrared light. Green plants absorb blue, red, and other strongly reflective near-infrared 
lights. The NDVI detects reflection by vegetation, which is calculated by the difference in ratio 
between the radiation level of infrared and radiation level of near-infrared. This method is suitable 
for analyzing changes in vegetation. The NDVI formula:  
NDVI=(NIR-R)/(NIR+R)                                                         (1) 
where NIR denotes the radiation level of near-infrared light, and R denotes the radiation level of red 
light; the higher the NDVI value the healthier the vegetation. 
Using the image processing software Selva (v.17), developed by IDRISI, the study stitched together 
satellite images and calculated the NDVI; the results are presented in Fig. 5. Areas with a yellow to 
green gradient have an NDVI value smaller than 0. Comparing areas with an NDVI value smaller 
than 0 over different time periods shows that vegetation levels are decreasing. A number of possible 
causes exist:  

1. Effect of vegetation cycle: The post-disaster images adopted for comparison are images 
taken in September 2009 and January 2011. September is early autumn where leaves have 
yet to fall and January is late winter so new leaves have yet to sprout. Such phenomena 
will affect the NDVI value.  

2. Effect of climate: Between September 2009 and January 2011, a number of other typhoons 
and torrential rains attacked Taiwan. Whilst these extreme events did not cause devastating 
loss of life or properties, they still contributed to landslides, which fuel the continuing 
reduction in forest area. 

 

(1)Jan.2009            (2) Sep.2009           (3)Jan. 2011 
Fig. 5 Results from the NDVI Calculations (image source: Center for Space and Remote Sensing 

Research, National Central University, Taiwan) 
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Discussion on Using the NDVI as a Distribution Factor for Compensation Fees  

The NDVI is a technically feasible method for analyzing the condition of vegetation through 
satellite images and image processing software. However, a number of issues relate to this method:  
1. Image stitching: Because one single image cannot cover the whole research area, two or more 
satellite images must be stitched together to meet the needs of this study. 
2. Influence of cloud cover: Satellite images are often affected by cloud cover, so vegetation 
might display poorly. To reduce the masking effect of clouds, image stitching for one area must use 
images of that area from very similar time points, and so for the same area perhaps more than two 
images are required.  
3. Shadow correction: Not all images used were taken exactly at noon, thus different terrains will 
create shadows, which will affect the accuracy of the NDVI calculations. Therefore, images require 
shadow correction work prior to image stitching.  
4. Costly: As mentioned, each town takes at least three satellite images to get a complete visual 
representation. More images are required to eliminate the influence of clouds and shadows. Each of 
the satellite images cost over NT$10,000. Using Wutai Township as an example, at least NT$50,000 
is needed to obtain the required images for this township. The cost increases with image precision. 
In addition to software costs, image processing also requires computers with fast processing speed, 
so processing images also incurs a high cost.  
5. Professional technical skills: The obtained satellite images must undergo processing and 
analysis by professional software. The technical process requires the skills and training of highly 
technical professionals.  
6. Effect of vegetation cycle: Because seasons affect vegetation growth, using vegetation images 
from different seasons will result in different NDVI readings. 
Township offices are eligible applicants for water resources conservation and compensation fees. If 
the NDVI is used as the distribution factor, the town offices must provide data and numbers in their 
applications for review by the committee. However, as illustrated above, township offices must train 
technical professionals capable of analyzing satellite imagery, procure satellite images, and 
maintain computer equipment to provide the necessary NDVI data; these necessary actions increase 
labor and equipment costs. Remote towns suffer from increasing costs, where more prosperous 
towns do not. 

Conclusion and Recommendations  

This study discusses the use of compensation fees by collating the application and utilization data 
on the water resources and compensation fees in the Kaoping River Basin area in 2007, 2008, and 
2009. The results show that although compensation fees are used on all eight types of expenditure, 
in the past three years the majority of compensation fees granted have been used on water resources 
conservation, water drainage, and the maintenance and management of ecological tourism facilities 
and other hydraulic facilities. Considerably less has been invested in education on natural resources, 
research, and conservation.  
Although satellite imagery analysis is sufficient for discussing change in forested area, the expected 
results are often not achieved owing to poor satellite image quality. Such cases require manual 
analysis, which is time and skill costly and requires more professional judgments. Further 
investigation is thus needed to determine whether township offices that make applications for 
compensation fees can afford such costs. Education changes people’s mindsets and habits, as well 
as improving life skills. Therefore, it is recommended water resources education and the 
demonstration of research and conservation achievements are accounted for in the distribution of 
compensation fees. Subsequently, towns that are more dedicated to engaging in such activities will 
bene1`1+fit from a greater proportion of the fund and thus implement their water resources 
conservation plans and initiatives.  
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