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Abstract 

 

Highland regions in Malaysia by virtue of their morphological forms, process 

response dynamics, and habitat – ecosystem characteristics and location are 

primarily associated with upper tributaries of major rivers of Malaysia. Land 

use change and resultant environmental degradation are primarily the result of 

the ongoing shifts in the exploitation and extensive development of 

environmental resources there. The highland regions are utilized and developed 

for their water resources potential for hydroelectric energy generation and for 

water supply to the agriculture, industrial needs, and for domestic use in the 

lowland and coastal regions of Malaysia. These traditional uses of upstream 

water require that the water resources availability of highland regions is always 

in plentiful supply and in pristine quality. Land transformation and development 

activities associated with traditional uses usually involve minimal change and 

do not involved large-scale land conversions, transformation and mechanization 

which are known to have cause serious and often irreversible obliteration of the 

drainage basin process - response. The turn of the new millennium, witnessed 

rapid development of highland regions to cater for the booming eco-tourism in 

Malaysia. Intense urbanization, land transformation activities including 

intensive agricultural activities and the development of physical infrastructures 

imposed marked changes to the highlands natural process - response regimes. 

Excessive land use exploitation disrupts delicate hydrological balance and 

cascade downstream triggering changes and affecting water quantity, quality, 

availability and sustainability. This paper discusses that Integrated River Basin 

Management provides an effective river basin management approach including 

the need for continuous instrumentation and monitoring of process-response 

changes, and to have the inputs given by all relevant stakeholders integrated in 
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the decision making process attempts for future sustainable development of the 

region.. 
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1.  INTRODUCTION 

Environmental resources development are been intensively and extensively exploited 

in the upper basins of many major river systems of West Malaysia. These upper river 

basin systems constitute many highlands regions such as the Upper Perak – Galas, (2) 

Upper Pergau, (3) Upper Kinta – Jelai, (4) Upper Jelai – Tahan, (5) Upper Selangor – 

Semantan, and (6) Upper Endau - Rompin river systems (Khairulmaini & Fauza, 2010). 

Amongst the most exploited of these upper river basins are the Cameron Highlands, a 

highland region drained by the upper basins of the Perak, Pahang and Kelantan river 

system.  

 

The Cameron Highlands had shown tremendous growth and expansion in the last 

decade associated with agriculture, hydroelectric power generation, urban and 

infrastructural development and tourism activities. Growth and expansion of the 

Cameron Highlands Region had brought much benefit to the state of Pahang and the 

Country. However, with all aspects of development the Cameron Highlands Region 

cannot escape from the effects and impacts of environmental degradation. 

 

The last decade had witnessed a steady increase in the intensity and frequency of 

environmental degradation processes including the threat of a rapidly declining 

availability of environmental resources to sustain future development initiatives. This 

study hopes to provide an information base on the trend of environmental resources 

development and degradation issues that threaten human quality of life and natural 

processes. 

  

This baseline information would be used to understand the need for sustainable 

development of Cameron Highlands Region using the Integrated Assessment Approach 

in the context of river basin planning and management as highland regions are in its 

physical state the upper basins of river systems basins. Therefore, the aims of the study 

is to provide timeline appraisal involving resources development, environmental 

degradation, human quality of life and the basin management unit notably with use of 

IRBM approach for good management practices. 
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2. THEORETICAL MODEL 

 

 
 

There are many researchers have been conducting research in the context of highland 

regions dynamic. The River Basin System provides an ideal spatial planning, 

development and management unit compared to the repartition of physical space based 

on administrative criteria. Environmental degradation issues are the result of 

disruptions to the River Basin hydrological cycle culminating with soil loss from valley 

side slopes and the effects on river flow quantity, quality and continuity. 

 

In addition to this, there are a myriad of other environmental issues that are associated 

with resources development that are a direct or indirect result of their location within 

the geometrical form of the Basin. Existing environmental management strategies are 

not based on the fundamental understanding of River Basins as basic hydrological units 

thus in many cases the recurring environmental degradation issues in the basin.  

 

Integrated Assessment and Coordination of all River Basin interested parties or 

stakeholders including the general population who inhabits the basins would not be 

sustained if  River Basin Development continues to be develop without considering the 

river basin geometrical form as a management unit.   

 

 

Review of Environmental Degradation Issues as a result of Land Use Change 

River channel changes with the number of reasons amongst which the human 

significance is exemplified such as removal of forest, land use changes and 

urbanization. Land use changes including cultivation which constantly shows the effect 

of man on river banks and flood plains and land drainage [4] 

 

Environmental changes caused by mankind’s exploitation and development of natural 

water and land resources have long been a severe issue in the world [5]. This supported 

by [6] which stated that water environmental changes is the main environmental 

degradation issues such as water pollution and sedimentation. 

 

Water demand is relatively stable, and the corresponding rate of development of water 

resources has slowed down when compared with past decades. However, problem 

associated with environmental issues and coordination between conflicting demands of 

upper and lower stream users in various river basins continue to increase [7] 

 

Hence, According to [8], environmental degradation can be classified into climate, 

geomorphology, water and landscape. As identified by [9], surface water quality has 

deteriorated noticeably in many countries in the past decades due to poor land use 
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practices especially increasing agricultural development at catchment scale. The key 

contributors of agricultural activities are nutrients and suspended particulate matter. 

Besides that, urban land developments also greatly influence water quality as well. 

 

Nutrient losses from agriculture are a major constituent of diffuse water pollution [10]. 

Subsequently, [11] also address the spatio - temporal effects on water quality. The basin 

has a relative better water quality in dry season. Major ion compositions are controlled 

by geology and ecological background with lower concentrations in high flows because 

of dilution of precipitation. Water variables, especially the main pollutants have high 

concentrations in the urban and agricultural production areas.  

 

Furthermore, a decrease in soil pH of 0.5 units in the major crop production regions 

over two decades has been attributed mainly to excessive application of N fertilizers 

[12]. In many intensively farmed areas an accumulation of surplus N and P in soils now 

constitutes both a resource to be exploited by farmers and a source of diffuse water 

pollution from agriculture. Application of pesticides, nitrogen fertilizers and organic 

farm wastes are the major contributor to river pollution [13]. 

 

Besides that, Population growth was the main driving force of land degradation in the 

Tarim River Basin where total water resources for the whole basin is relatively fixed 

[14]. 

 

Inside a river basin, various landscapes are distributed, and landscape is composed of 

physical background, bio-chemical actions and biological aspects in associated with the 

local ecosystem. When the fluxes pass through a landscape, they are changed in 

quantity and quality and bring about various ecosystem services. Due to population 

increase and economic efficiency with urbanization, artificial facilities and flux 

networks have been added to connect multiple basins. These artificial systems have 

consumed fossil fuels, emitted greenhouse gas, and degraded ecosystem. Outflow 

fluxes from multiple rivers degrade our facing coastal area in particular bay area, [15]. 

 

Besides that, physical factors also became main contributors to the environmental 

degradation. The process of slope failure in the Blue Nile basin is a function of several 

factors, topographic constraints being the most substantial causes of instability. Besides 

that, the upstream portion of Nile has been used intensively for agriculture [16]. 
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3. DATA ACQUISITION AND ANALYSIS 

Study Area 

 

 
Figure 1: Map indicating the location of major sub river basin in Cameron Highlands, 

Malaysia 

 

One of the requirements of the study was the determination of Cameron Highland sub-

river basins. Cameron Highlands divided into 3 major sub river basin which are Bertam 

SB, Telom SB, and Lemoi SB. All the river flowing to the Pahang river to the East, 

Kelantan river to the North and Perak river to the West. 

 

 

Research Methodology 

Identification of major sub river basin by using ArcGIS 10.3 

A GIS based approach used to identify the border for each sub river basin in the study 

region. The Digital Elevation Model overlay with the base map to plot the contour of 

the Cameron Highlands area. Then, the drainage system added to the map and the basin 

shape created based on the contour line and river system. 

 

Identification of environmental resources development 

Environmental resources development classified from land use map provided by 

Malaysia Agriculture Department. The land use maps starts in 1966 until 2010 show 

intense urbanization and land transformation activities. The land use maps overlay with 
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Cameron Highland sub-river basins to identify areas experiencing the fastest basin 

development. 

  

Examination of environmental degradation issues 

Moreover, newspaper clippings related to issues of environmental degradation that 

occurs in Cameron Highland sorted by year to produce a timeline appraisal based on 

media capture. There are four main issues highlighted; (1) river pollution, (2) flood (3) 

temperature increase and (4) slope failure. The media capture data obtained from 

ARKIB Negara and categorized based on four main systems; air, land, water and 

ecology. The study needs to identify the relationship between resources development 

and environmental degradation issues that occurred in the Cameron Highlands Region. 

 

 

4. RESULT AND INTERPRETATION 

The river basin system 

Administratively, the CHR is district of Pahang and consists of three sub-districts; Ulu 

Telom,Brinchang and Tanah Rata. Generally the CHR is more developed in the west 

(Brinchang and Tanah Rata) than in the east ( Ulu Telom). Hydrological ecosystems 

show that Cameron Highlands are drained by major three rivers, which called as 

Bertam, Telom and Lemoi and 123 tributaries. The river flows to the Jelai River ended 

in South China Sea. These 3 rivers are the sub basin which is called; Bertam Sub River 

Basin, Telom Sub River Basin and Lemoi Sub River Basin. 

  

Furthermore, each of sub river basins play in important roles for continuity of water 

supply in the region. Telom Sub River Basin consists of 16 tributaries, followed by 35 

tributaries for Bertam Sub River Basin and 15 tributaries of Lemoi Sub River Basin. 

Apart from this Telom River is the longest and wider among this three main river with 

37 km long and 29 meter wide. 

 

The trend of environmental resources development 

 

 
 

Figure 2: Land Use Change in the Cameron Highlands (1966-2010) 
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Based on land use data the changes from natural area to developed area drastically 

increase from year 1966 to 2010. From 67381.13 hectares in 1966 gradually decrease 

to 58854.89 in 2010. In contrast to developed area, it is increasing rapidly about 8526.24 

ha from 1966 to 2010 which is in line with the decline of forest area. 

 

Pearson Correlation Coefficient has been test to examine the correlation between forest 

reduction and land use development. 

 

 R =               NΣXY – (ΣX)( ΣY) 

  √ [NΣX2 – (ΣX)2] [NΣY2 – (ΣY)2] 

 

The coefficient value is in the negative range, it means that the variable is negatively 

correlated as one value increases while the other decreases. The r value is 1.00 showing 

the strong negative correlation which mean the land development cause the forest 

reduction in the study region. 
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The Maps above shows the evolution of land use change in Cameron Highlands. The 

first map in 1966 consists of nine classes; Vegetables farms, agriculture station, farm 

building, grass, logging area, others crop, orchards, tea plantation and urban area.  

 

However, in 1974 only four classes recorded which are mixed horticulture, shrub, tea 

plantation and urban area. Subsequently, in 1997, the land use type similarly with year 

1966 with addition coffee, cleared land and shifting agriculture by Orang Asli 

population. 

 

Moreover, in 2006 and 2010 the classification almost similar; vegetables farming, tea 

plantation, urban, orchards, mixed horticulture, shrub, floriculture and others crop. It 

has been shown that the development located near the river bank and concentrated in 

the West part of the Cameron Highlands or called as upper stream of Cameron 

Highlands River Basin. 

 

In summary, the land use change of the study region consists of five main 

classifications; urban area, tea plantation, vegetables farming, floriculture activities and 

others activities. Vegetables farming recorded highest percentage increase which is 

equal to 672% from 1966 to 2010 and concentrated in Bertam and Telom sub river 

basin. Followed by 576% from others land use which include shrub, grass and orchard. 

Cameron highlands experience high land clearing activities and land cover changed 

from forest to shrub drastically. Next, the urban expansion increase about 100% from 

1966 to 2010 especially near the town area in Tanah Rata and Brinchang. Floriculture 

activities started in 2002 and increase about 52 percent from 1966 to 2010.However, 

tea plantations decrease about 20% from total area in 1966. 

 

 

Environmental Degradation Issues 

Environmental degradation issues occurred in Cameron Highlands as a result of rapid 

land use development and environmental resources exploitation.  

 

 
 

Figure 3: Environmental Degradation Issues in Cameron Highlands (1991-2015) 

 



Highland Regions – Land use Change Threat and Integrated River Basin Management 1517 

Refer to the graph above, environmental degradation issues in Cameron Highlands is 

increasing through times. Four main issues identified are slope failure, flood, river 

pollution and temperature increase.  

 

Media report from ARKIB was explored and listed out based on these four main 

categories. Among all of these categories, river pollution recorded highest evidence 

with 98 cases, followed by slope failure 69, temperature increase 35 and flood 7 cases. 

 

The graph above show the evolution of land use development of the Cameron 

Highlands Region. The natural forest reduces rapidly due to the high development 

activities. Urbanization and agriculture activities became two major factors of land 

clearing in the study region. Cameron Highlands farmers supply more than half of 

Malaysian vegetable needs, and in addition generate sizable foreign income (in 1996 

between RM$56 million and RM$100 million was made from vegetables and flower 

production gave a further RM$ 20 million) [17].  

 

 

5. DISCUSSION 

Factors of Environmental Degradations 

Vegetable farming on a large scale is the main cause of environmental degradation of 

the physical system in Cameron Highlands. Forest are cleared and excavated before the 

phase of the plant has led to hillside erosion exposed to agents such as rain. Heavy rain 

in the afternoon will be transported along with sediment and sand through the heavy 

runoff. This process is repeated and the slope becomes unstable and failed. Malaysia’s 

lowlands, with a mean daily temperature recorded in the range of 13.5-23.4°C.While 

the mean total rainfall was 2200-3500 mm with maximum rainfall precipitation during 

March - April and October - December in respect to high humidity and there is none 

remarkably annual dry season.  

 

The Cameron Highland forest traps passing cloud, which would otherwise fail to 

precipitate. Thus, it acts as an important catchment for large parts of lowland Malaysia  

 

Moreover, the land development also main causes for slope failure of the study region. 

Many ongoing land development especially hotel and multi-storey residential occurred 

on the slope near the river bank. 

 

Slope failure triggering mudslides. Mudslides will flow downhill and causing massive 

destruction to agriculture and settlement. Large mudslide occurred in Bertam Valley in 

2014 which is one of the largest agricultural areas in Cameron Highlands. Next, flash 

floods also occurred mainly in the towns and villages as a result of drainage blockage. 

 

River pollution is one of major environmental degradation in the Cameron Highlands. 

Development occurred in river reserves are the main factors of this pollution occur. In 

addition, different types of land use will unleash different pollutants into the river. 

Highest concentration of Ammonium Nitrate recorded during the dry season. Tringkap 
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River and Ringlet shows the highest concentration of this chemical content with values 

of 0.51 mg/l respectively. Ammonium Nitrate is a chemical compound with very high 

solubility in water. That is the reason why it is very low concentration in the raining 

season compared to dry season. Ammonium nitrate is an important fertilizer for large 

scales vegetables farming.  

 

Temperature increase occurred as a result of urban development in Cameron Highlands. 

In addition, high use of motor vehicles in Cameron Highlands especially by tourist 

during peak season cause high concentration of carbon dioxide and carbon monoxide 

and contribute to the local temperature increase. 

 

The Need for Integrated River Basin Management 

Integrated River Basin Management (IRBM) is the process of coordinating, 

management and development of environmental resources within a river basin. IRBM 

attempts to maximize the economic and social benefits derived from water resources 

management in an equitable manner while preserving natural ecosystems [18]. 

 

Malaysia is rich with water resources due to the strategic location in the tropic region. 

However, refer to [19], the demand for clean water is increasing rapidly and shortage 

occurs during dry periods. Besides, some rivers in Malaysia are severely polluted with 

silt, sewage and solid waste. During the monsoon, floods disrupt the lives of many 

people and cause substantial damages, destruction of  property and loss of lives.  

 

 
 

Figure 4: shows the IRBM model of the study region. 

 

A water quality study carried out by [20], shows that many river in Cameron Highland 

recorded significant degradation from Class II to Class IV during heavy water flow. 

The study found that Water quality pollutants of significance are identified as TSS, 

COD, phosphate (P), ammoniacal nitrogen (N-NH) and E. coli. The sources of the 

pollution are expected to increase because of human activities in the steeper areas 

involving agriculture, urbanisation, tourism, etc. 
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Land clearing activities on the valley slopes especially for farming, urbanization, 

settlement and infrastructural development have created tremendous impact on the 

natural system dynamics of the river basins and its adjoining valley slopes and channel 

systems [21]. Land erosion is a major contributor of suspended sediments and siltation 

in the river in Cameron Highlands [22]. Besides the severe pollution with organic 

compounds, siltation (increase of turbidity of the water) is the most significant factor 

causing water quality deterioration. Most important source of silt into the river course 

is agriculture, mostly on extremely steep slopes of Cameron Highlands. 

 

The Cameron Highlands needs to develop a proactive, integrative, and sufficiently 

powerful body to control development, coordinate necessary research program in basin 

scale, and draw-up and maintain a sustainable highland development strategy. The 

goals would be to reduce environmental damage by addressing the issues, it’s also 

should improve economic activities in appropriate ways [23] 

 

 

6. CONCLUSION 

Highland region is a fragile physical system. The changes of the input energy and matter 

of the highland may cause disruption of the dynamic equilibrium system.  

Management of natural resources must take account of the links between land and water 

and the importance of integration across sectors, disciplines, institutions and scales. 

Economic forces and conditions underlie many of the activities that impact on 

watersheds and river basins. The land, water and resources of the Cameron Highland 

Basin have long been subject to intense development pressures. These have been 

motivated by the need to secure adequate livelihoods, generate sectoral output, earn 

business profits and achieve macro-level growth and development goals.  

Stakeholder participation and monitoring based management should be implemented in 

the study region in order to understand the human needs and environmental processes 

occurred. Monitoring and systematic database would help to predict the environmental 

disaster and understand the frequency of disaster event. 

Therefore, IRBM is one form of the ecosystem approach as a strategy for the integrated 

management of land, water, and living resources that promotes conservation and 

sustainable use in an equitable way. 
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