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ABSTRACT: Hypsometric analysis was employed to assess the erosion status of watersheds. This is necessary to check erosion, 

conserve water and to implement better land management practices. This study applied the Geographic Information System (GIS) 

to conduct a hypsometric analysis in a vital source of surface water of Bicol River Basin particularly the Lake Buhi catchment area. 

Significantly, the fundamental hypsometric parameters were described. The proportions of altitude to a particular land area using 

the hypsometric integral (HI) was illustrated. It was concluded that application of GIS was instrumental to describe the different 

topographic features such as the erosional, residual and depositional features reflected in the contour and hill shade maps.  It was 

found that the area proportion is decreasing while the elevation interval is increasing. The hypsometric curves are at old dissected, 

eroded landscape except for P-1 that exhibits maturely dissected landform. The HI reflected that they are at old dissected, eroded 

landscape. The result of this study may be considered for several applications: it will serve as an aid in the implementation of 

necessary measures to conserve water and soil resources for the catchment's long-term development; the approach presented may 

be used in assessing other river basin for the initial characterization; practical applications are foreseen in hydrology, soil erosion 

and sedimentation studies; it may be used for understanding the stages of geomorphic development of other river basin; it may be 

used in prioritizing watershed for planning engineering measures and to mitigate the impact; the GIS approach may be used to obtain 

hypsometric information and in enabling the hydrologic modelling community. 
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I. INTRODUCTION  

Watershed is a geographical dynamic unit which covers all 

land that contributes runoff to a common outlet [1], making it 

as the area that collects precipitated water to flow [2]. It is 

through the hypsometric study that the distribution of the 

ground surface area of a landmass with respect to elevation 

were analysed as the relative insight to the past movement of 

the soil that were compared through the hypsometric curve 

[3]. Hypsometric analysis expresses the complexity of 

denudational processes and the rate of morphological changes 

making it useful to comprehend the erosion status and 

prioritize for undertaking soil and water conservation 

measures [4]. Although, there are numbers of quantitative 

analysis that are used to calculate the topography of the 

watershed it is difficult to analyse the result without using the 

suitable technique [5] but it was suggested that using the 

hypsometric curve and the hypsometric integral are among 

the suited method [6]. Hypsometric analysis has been used 

naturally to differentiate between erosional landforms at 

different stages during evolutions [7]. Since hypsometric 

function combines the value of slope and surface area at any 

elevation of the basin, it might help to obtain more precise 

calculations derived from surface runoff in a typical basin [8]. 

It was once employed to assess the erosion status of 

watersheds considered as an essential prerequisite for 

integrated watershed management and prioritization. Such 

procedures are vital to reduce soil erosion and to implement 

better land management practices [9]. It has been employed 

recently in several investigations related to earth science such 

as in geology, tectonics, geomorphology, hydrology and 

climatology [10]. 

Bicol River Basin is a sub-area of the Bicol Region in eastern 

Philippines, consisting of two provinces-Camarines Sur and 

Albay with 700,000 acres of land that about half of which are 

arable, and nearly with 1.8 million people [11]. Among the 

important contributor of water in Bicol River Basin is Lake 

Buhi since the collected water from the catchment flows to 

the basin which were found vulnerable to climate change and 

El Niño related weather extremes making water availability 

highly sensitive to the patterns of changing precipitation [12].  

 

 

 

 

 

 

 

 

Figure 1. Location of Lake Buhi Catchment Area and 

Bicol River Basin in the Philippines 
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The lake and its watershed present classic man-in-nature 

governance challenges that interplay internal and external 

uncertainties regarding multiple uses. This results in a 

complex system which is difficult to manage as climate-

related hazards aggravate the pressures from activities within 

the lake watershed [13]. The development activities in the 

lake and its watershed had been injurious in the past with 

adverse effect on the removal of forest cover, increase in 

number of kaingin sites, soil erosion, lake sediment, 

eutrophication, flooding, destruction of aquatic vegetation 

and species, change in lake trophic structure, etc. [14]. 

Assessment of erosion status is an essential prerequisite of an 

integrated watershed management program as it helps in 

selecting suitable conservation measures to check erosion and 

conserve water as well as in devising best management 

practices [15]. Hazards of debris avalanches and large 

landslides are significant at both active and extinct volcanoes 

[16]. 

 

II. OBJECTIVES 

A. General Objective 

The main objective of this study is to apply GIS in conducting 

hypsometric analysis of Lake Buhi catchment area. 

B. Specific Objectives 

Specifically, it aims to: describe the fundamental hypsometric 

parameters of the catchment area considering the following: 

a) contours, b) hillshade, and c) area and height proportion; 

conduct hypsometric analysis using the hypsometric curve; 

and illustrate the proportion of altitude to a particular land 

area using the hypsometric integral (HI). 

 

III.  METHODOLOGY 

The portion of Bicol River Basin that was studied is the Lake 

Buhi Catchment area. The formation of the area was when Mt 

Iriga was cut by an active strike-slip fault [17], [18] which is 

related to the progressive deformation of the edifice by the 

underlying fault and gravity spreading into the Bicol River 

Basin. Using the geographic information system (GIS), the 

following steps were followed: 1) elevation range of the basin 

were put into one hundred (100) elevation class intervals., 2) 

the area (a1) of the basin were measured above the bottom of 

each elevation class interval using the polygon in the 

measurement tab of the google earth pro. The bottom 

elevation started from 85.00 meters which is the normal water 

surface elevation of the lake as it appeared in the digital 

elevation map; 3) calculated the area proportion of the area 

(x) above the bottom of each interval by dividing the obtained 

area (a1) by the total catchment area (Ac);           

 

                                                                                            

 

4) determined the relief (h) above a given elevation class 

interval by subtracting the basin mouth elevation (hm) from 

the bottom class elevation (hb); 

 

                

 

                   

5) determined the fraction of relief (y) that lies below the 

bottom of each interval by dividing the value obtained in Step 

4 by the relief (H) of the basin for each elevation class 

interval; 6) the hypsometric curves were drawn by plotting 

the area proportion (x) versus height proportion (y). 

The total catchment area and boundary of the lake was 

identified using the digital elevation map taken from the 

Google Earth Pro wherein the highest elevation indicated the 

boundary of the catchment were marked the boundary lines. 

The boundary lines are the highest portion that during rainfall, 

the precipitation water will flow towards the lake. With those 

lines, the catchment area was divided into four quadrants 

using the geographic coordinate system as the boundary lines 

with N13°27’ for latitude and E123°31’12” for longitude. The 

four areas were marked as P-1, P-2, P-3 and P-4. The location 

and the boundary lines are shown in Figure 2.                    

 

 

 

 

 

 

 

 

 

 

 

Hypsometric analysis aims at developing a relationship 

between horizontal cross-sectional area of the watershed and 

its elevation in a dimensionless form wherein the digital 

contour map was used to generate the data required for 

relative area and elevation analysis [19]. The digital elevation 

model (DEM) and Geographical Information System (GIS) 

were utilized to produce contour and hill shade maps. Contour 

representation was used as an excellent visual abstraction of 

the Earth's surface due to fact that they offer enough detail at 

a minimal graphical load. The production techniques were in 

concert with the available tools and methods of data 

collection and graphic drawing using the latest method of 

producing contours from digital elevation models (DEMs) 

[20]. Hillshade map was considered as a convenient means in 

predicting woodland dieback in arid and semi-arid regions. 

Using the hill shade criterion increased the accuracy and 

scope of the analysis of changes in plant ecosystem 

parameters against climate change and global warming [21] 

likewise, it was used to produce reliable landslide maps 

characterized by old landslides [22]. Several parameters were 

used to interpret the hypsometric curves and hypsometric 

index in assessing the evolutionary status. The catchment area 

Figure 2. The catchment area and the boundary lines 
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is in the youth stage if the curve is convex upward while it is 

in mature stage if it is in S-shaped which is concave upward 

at high elevation and convex downward at low elevations. It 

is at old stage if it is concave upward [23]. Although the 

hypsometry of the catchment area was illustrated graphically 

through the hypsometric curves it was analysed quantitatively 

by computing the hypsometric integral, [24], [25] using the 

elevation relief ratio method [26] expressed by the following 

equation:   

 

           

 

 

where HI is the hypsometric integral, Ewm is the weighted 

mean elevation of the catchment area, Emax is the maximum 

elevation and Emin is the minimum elevation. The following 

is the formula for computing Ewm [27]: 

 

 

 

 

where Ni is the number of pixels corresponding to elevation 

Ei. However, Ni can also consider the area above the bottom 

of elevation interval corresponding to the relief Ei. The results 

were interpreted using the following criteria [8]: a) the area 

will be not in equilibrium (youthful) stage when HI ≥ 0.60, 

equilibrium (mature) stage when 0.35 ≤ HI< 0.60, and 

monadnock (old stage) when HI < 0.35.   

 

IV. RESULTS AND DISCUSSION 

By applying the steps being introduced, GIS was applied 

obtaining the following results: 

A.  Hypsometric parameters 

Hypsometric parameters were described according to the 

following: contour and the hill shade characteristics, area and 

height proportions, and figure of the hypsometric curves. 

Contours. Elevation contours were produced for accurate 

elevation assessment which is needed for perception of 

landforms.  Contour representation is an excellent visual 

abstraction of the Earth's surface since they offer enough 

detail at a minimal graphical load while the production 

techniques shave changed significantly in concert with the 

available tools and methods of data collection and graphic 

drawing using digital elevation models (DEMs). This makes 

the creation of contours free from laborious manual work 

[20]. The following are the contour map of parts and the 

whole area as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Contour maps of identified parts and the whole 

catchment area 

 

Contoured appearances are of different kinds of topographic 

features [28]. They are the erosional features which are 

common in P-1, P-2, P-3 and P-4. These may be formed by 

stream courses that include valleys, gullies, washes, and 

gorges. Residual features are seen in P-3 showing that the area 

has resisted erosion effectively and have remained somewhat 

in their original state. Depositional features in areas that 

indicate deposits of soil, rock, and other material may be built 

up by carrying agents like streams, winds, and volcanoes. 

Hillshade. Hillshade maps are shown in Figure 4. These are 

areas that are usually indicated with landslide [22]. Shallow 

landslides are easier to detect on aerial photographs while 

deep-seated landslides are easier to detect on Light Detection 

and Ranging (LIDAR). It was mentioned that it could even be 

detected twice as many deep-seated landslides on hillshade 

maps derived from LIDAR in a densely forested region [29]. 

Similarly, the topographic features that are seen from the 

contour maps are also reflecting in the hillshade maps such as 

the erosional, residual and the depositional features in 

different parts of the catchment area. Smooth surfaces that are 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The hillshade maps 
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seen from P-2 and P-3 are representing the slope of Mt. Iriga 

while other features represent the debris avalanche deposits 

(DAD) that may be caused by the regional basement faults 

related to the tectonic or volcanic seismicity [30]. The DAD 

that dammed the Barit River and formed Lake Buhi shows no 

evidence of contemporaneous magmatic activity, suggesting 

of a non-volcanic trigger for the sector collapse event that 

happened in 1628 AD [31] wherein it was estimated to have 

an age [32] of about 500 AD. The hillshade of P-1 and P-4 is 

characterized by valleys, gullies, washes, and gorges as part 

of the slope of adjoining Mt. Malinao.  

Area Proportion and height proportion. Shown in table 5 

are the area and height proportion of the whole catchment 

area. The highest elevation is 1548.00 meters. Starting from 

the water level elevation of the lake and based from the 100 

meters elevation interval, the area proportion is decreasing  

 

Table 5. Tabular Computation for Area proportion and 

height proportion for the whole catchment 

Elevation 

Interval 

(m) 

Area 

(km2) 

above 

bottom 

of 

interval 

(a1) 

Area 

proportion 

Lower 

interval 

elevation 

– mouth 

elevation 

(h) 

Height 

proportion 

 

 

85-100 131.13 1 0 0 

100-200 115.39 0.87997 15 01 

200-300 77.47 0.59079 115 0.079 

300-400 60.45 0.46099 215 0.147 

400-500 45.30 0.34546 315 0.215 

500-600 28.80 0.21963 415 0.284 

600-700 19.00 0.14489 515 0.352 

700-800 14.86 0.11332 615 0.42 

800-900 11.33 0.0864 715 0.489 

900-1000 8.66 0.06604 815 0.557 

1000-1100 6.57 0.0501 915 0.625 

1100-1200 4.82 0.03676 1015 0.693 

1200-1300 2.92 0.02227 1115 0.762 

1300-1400 1.77 0.013498 1215 0.83 

1400-1500 0.49 0.00373 1315 0.899 

1500-1548 0.45 0.00343 1415 0.967 

 

while the elevation interval is increasing. From the lowest 

elevation interval, it decreased from 1 down to the highest 

elevation interval which is 0.00343. Inversely, the height 

proportion increased from 0 to 0.967. The two ratios involved 

from the presented tables are needed in plotting against each 

other on a graph in which the ordinate represents the ratio of 

relative elevation (h/H) and the abscissa represents the ratio 

of relative area (a/A). The relative elevation which is useful 

to visualize fluvial landforms but may be hard to discern from 

an aerial image or DEM alone was computed as the ratio of 

the height of a given contour (h) from the base plane to the 

maximum basin elevation (H) while the relative area was 

obtained as a ratio of the area above a particular contour (a) 

to the total area of the basin above the outlet (A), however, 

the value of relative area (a/A) is in a range from one to zero 

and one at the lowest point in the drainage basin (h/H = 0) and 

zero at the highest point in the basin (h/H = 1) [33]. Among 

the techniques applied in computing the relative elevation 

include the refinement of a given coarse digital elevation 

model using higher resolution multispectral imagery. In this 

kind of application, the given digital elevation model 

essentially calibrates the elevation growing process so that the 

resulting refinement constitutes a smart interpolation process 

[34]. 

B.  Hypsometric curve 

Using the area and height proportions per elevation interval 

of the identified parts, the hypsometric curves were produced. 

The figure shows that the hypsometric curve formed in P-1 is 

in S-shape. It indicates that it is in a maturely dissected 

landform. In the hypsometric curve with an S-type, the 

elevation frequencies concentrate in the intermediate 

elevations which is observed in pure alluvial plains [35].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Hypsometric Curves representing the different 

portions and the whole catchment area 

 

When the ranges reach the culminating stage, the hypsometric 

curve will be S-type, and the elevation frequencies will be in 

the intermediate altitudinal classes with a normal distribution. 

It was cited [36] that the hypsometric curve of a mountain 

changes from a concave curve to an s-shaped curve in 

accordance with the increase in mountain altitude while the 

succession of the hypsometric curve during concurrent 

tectonics and denudation is the reverse of Strahler's diagram. 

However, it was observed [37] that the combination of 

convex-concavo and S-shape of the hypsometric curves are 
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due to the soil erosion from the sub-watersheds resulting from 

the incision of channel beds, down slope movement of topsoil 

and bedrock materials, washout of the soil mass and cutting 

of streams banks.  

The hypsometric curves that are formed are in concave shape 

which indicate that majority of the basin area lies at 

comparatively low relief and is associated with old dissected, 

eroded landscape. This demonstrates that the landscape was 

shaped either by the climate, tectonic uplift or the channel 

networks draining them [38], [39] during the early years. The 

area has a volcano known as Mt. Iriga which is well known 

for its southeast elongated avalanche scar generated by a 1.5 

km3 collapse that spread as a rockslide debris avalanche over 

an area of 70 km2 [40]. The debris avalanche deposits 

dammed a river and formed Lake Buhi. Judging from the 

surrounding areas unaffected by the debris avalanche, and 

from sketchy historical reports, the Buhi area before the 

avalanche was relatively flat valley as it was written that the 

lake did not come into existence until half the mountain fell 

in [41]. The data can be used to infer the stage of development 

of the drainage network and can be used as a tool to 

differentiate between tectonically active and inactive areas 

[42], [43]. 

 

C. Hypsometric Integral 

The computed Hypsometric Integral and interpretated 

geological stages are shown in Table 6. 

 

Table 6. Hypsometric Integral and geological stages 

Portion Area 

(Km2) 

Min. 

elevation 

(m) 

Max. 

elevation 

(m) 

Weighted 

Mean 

elevation 

(m) 

HI Stage 

P-1 40.40 85 847.00 241.32 0.205 Old 

P-2 24.73 85 1196.00 252.05 0.150 Old 

P-3 22.57 85 961.00 159.64 0.085 Old 

P-4 43.43 85 1548.00 441.84 0.244 Old 

WC 131.13 85 1548.00 339.23 0.174 Old 

 

The geological stages are mostly at old ages based from the 

estimation of HI. However, there is discrepancy in the result 

for P-1 compared to the hypsometric curve which was 

interpreted at matured stage. The discrepancies could be 

attributed to some conflicts in measurement using the 

polygon system for the presence of soil erosion in the 

catchment area could make difficult to measure the cutting of 

channel beds, downslope movement of topsoil and bedrock 

material, washed-out soil mass and cutting of stream banks 

[44]. Using Google Earth Pro is very good time saving tool 

for measuring the area of closed boundary compared to field 

measurements but the accuracy of the measurements 

decreases as station point’s increases. The qualitative shape 

of the hypsometry curve and the hypsometric integral are 

generally independent of DEM spatial resolution based on 

data with varying spatial resolution ranging [45]. The HI 

difference between the watershed boundary and the 

watershed reflects the relative amount of material that has 

been eroded within the basin, while the HI difference between 

the watershed and the main gully reflects the amount of 

material that can still be eroded. A single watershed HI can 

only simply determine the period of erosion development so 

that by referring to these two indicators, the development of 

the watershed can be further quantified in concrete terms [46]. 

 

CONCLUSIONS 

This study concluded that the application of GIS was 

instrumental to describe the different topographic features 

like the erosional, residual and depositional features reflected 

in the contour and hillshade maps.  It was found that the area 

proportion is decreasing while the elevation interval is 

increasing in the area being studied. The hypsometric curves 

for all parts are at old dissected, eroded landscape except for 

P-1 that exhibits maturely dissected landform while the HI 

reflected that they are at old dissected, eroded landscape. The 

result of this study could be considered for several 

applications: it  can serve as an aid in the implementation of 

necessary measures to conserve water and soil resources for 

the catchment's long-term development [47], [48], [49]; the 

approach presented may be used in assessing other river basin 

for initial characterization of landforms [50]; erosion control 

measures and land utilization planning can be done more 

effectively from topographic analysis where hypsometric 

qualities are quantitively stated [51], [27]; practical 

applications are foreseen in hydrology, soil erosion and 

sedimentation studies [8]; the approach may be used for 

understanding the stages of geomorphic development of other 

river basin [52]; the use of hypsometric integral could be 

highlighted for prioritizing watershed for planning 

engineering measures and to mitigate the impact [53]; the 

automated GIS approach may be used to obtain hypsometric 

information and calculate the associated statistical attributes 

[54]. 
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