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ABSTRACT: When rain hits saturated or impervious ground it begins to flow overland downhill. Based on 

observations, changes to land cover can influence the velocity of overland flow. Land use patterns, including 

increases in impermeable surfaces and construction near riparian zones, affect flow patterns. Increased impervious 

surface in the areas can reduce the time of runoff and increase the peak discharges of stream flow, resulting in large 

and more frequent incidents of flooding. Land use within the Mainit-Tubay watershed has undergone changes in the 

past years. This watershed is located in Caraga region in Northeastern part of Mindanao and has a total area of 

994.7292 sq. km. The population has increased and with it, an increase in deforestation and impermeable surfaces. 

This study evaluated the effects of land cover change to the potential runoff that occurred to the watershed during a 

rainfall event. The researchers generated land cover maps through the analyses of Landsat images acquired in the 

years 1995, 2001 and 2014. With this, land cover change was analyzed using remote sensing and GIS techniques. 

The changes detected were further analyzed to relate it to the changes in surface runoff. Rainfall data during 

Typhoon Agaton and Typhoon Seniang were utilized to generate runoff depth map. Soil data and curve numbers 

were added to the land cover maps to generate the runoff volume within the area. Then runoff change was 

determined. The generated land cover change maps and the runoff change were analyze and evaluated to know the 

potential effects of runoff change as effect of the changes in land cover. As computed, total runoff volume 

accumulated in year 2001 was reduced by about 90,894 cu. m. compared during the year 1995. However, a 

significant increase of runoff volume was detected in the year 2014, in which about 384,000 cu. m. difference from 

the volume in year 2001 was calculated. This change resulted from the increase in built up, barren and water area 

which has high runoff potential and in the decrease of shrubs and trees area which has low runoff potential. 

 

1. INTRODUCTION 

 

Changes in land use affect every aspect of a watershed within its boundaries. The effect of land use changes on river 

flow is one of the major environmental problems of our time. When the surface of an area is changed, the flow of 

water is disrupted. A faster surface run-off will often yield higher turbidity levels in the receiving body of water 

(Lin, 2012).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research study area. 
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In Caraga Region, Mindano, Philippines, one of the river basins that have experienced rapid land-cover change is 

the Mainit-Tubay river basin. Mainit-Tubay river basin is entirely within the Caraga Region comprising Lake 

Mainit which is the fourth largest and deepest lake in the Philippines. The area of its water surface is about 145 sq. 

km., while its maximum and average depth is 223 m and 128 m, respectively (DPWH, 2011). With the use of 

Remote Sensing, we can generate land covers and study the land use of an area as well as fully understand the 

impacts of land cover on any given watershed. This study evaluated the impacts of land cover change to run-off 

potential of Mainit-Tubay River Basin by analyzing Landsat images of year 1995, 2001 and 2014. 

 

2. MATERIALS AND METHODS 

 

2.1 Image Processing and Land Cover Mapping 

 

The Landsat Thematic Mapper (TM), Landsat Enhanced Thematic Mapper (ETM), and Landsat 8 Operational Land 

Imager (OLI) downloaded from (http://earthexplorer.usgs.gov) were the images used for land cover classification in 

this study. The Landsat images undergone preprocessing procedures, radiometric calibration to convert the pixel 

values (in digital number, DN) to top-of-atmosphere (TOA) reflectance, and dark subtraction to apply atmospheric 

scattering corrections to the image data. Normalized Difference Vegetation Index (NDVI) images were also 

computed from radiometrically and atmospherically corrected images. For each image dataset, the NDVI was layer 

stacked to the surface reflectance bands.  After which, the NDVI was incorporated to the Landsat surface 

reflectance bands as additional data sources for land cover classification. Based on the literature, it has been found 

that NDVI increases classification accuracy. 

 

The image classification process involves conversion of multi-band raster imagery into a single-band raster, with a 

number of categorical classes that relate to different types of land cover. In this study, Maximum Likelihood 

Classification algorithm in Environment for Visualizing Images software (ENVI) was used to derive the land cover 

of the watershed. The delineated watershed was overlaid to the calibrated image. Cloud and cloud shadows 

encompassing the study area were masked out, and then imageries were classified into different classes: Built-up, 

Barren, Cropland, Grassland, Expose riverbeds, Shrubs and Trees and Water. After generating the land cover, 

missing land cover information due to cloud and cloud shadow contamination of Landsat image was supplemented 

using the land cover maps derived from other Landsat images of the same year. When all missing data were filled, 

the land cover images were converted to vector files (.shp) needed in order to perform contextual editing to remove 

obvious misclassification specially exposed river beds classified as built-up area. After which, ground truth ROI’s 

were collected for the accuracy assessment where inland cover map must have at least 85% producer and user’s 

accuracy. 

 

2.2 The SCS Curve Number Method 

 

The Soil Conservation Service curve number method is a simple, widely used and efficient method for determining 

the approximate amount of runoff from a rainfall event in a particular area. Curve Number (CN) is a hydrologic 

parameter used to describe the storm water runoff potential of a drainage area. Curve number is an index developed 

by the Soil Conservation Service, now called the National Resource Conservation Service (NCRS) which represents 

the potential for storm water runoff within a drainage area (Feldman, 2000).  

 

Table 1. Curve Numbers for each land cover area. 

 

Surface Classification 

(based on Land-cover Map) 

Equivalent NCRS 

Classification 

CN 

HSG B 

Barren Fallow:  bare soil 86 

Built-up Urban and residential districts 

[CN for A, B, C and D are average of commercial & business 

(85%impervious), industrial (72%impervious) and residential (65% 

impervious with 1/8 acre or less floor area) districts] 

88 

Cropland Row Crops and Small Grain, Straight Row, Good [CN is average of these two) 76 

Exposed River Beds (sand and 

gravel) 

Gravel 
85 

Shrubs and Trees Woods (with litter and brush adequately cover the soil) 55 

Grassland Pasture, grassland, or range (Fair: 50-75% ground cover) 
69 

Water (Rivers) None (Rain falling on water is equivalent to 100% runoff hence CN = max = 

100) 100 
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The derived land-cover information was utilized to know the curve number value for each land-cover type.  The soil 

type map of the study area was intersected with the land cover and reclassified into Hydrologic Soil Group (HSG). 

However, the researcher was the dominant soil type within the area. Then the corresponding CN value for each land 

cover in a HSG is given using the reclassified look-up table ( Santillan, 2014).  
 
The topography and other factors affecting run-off change were kept constant in this study. It was assumed that the 

only factor of runoff change is the change in land use within the watershed area. 

 

2.3 Surface Runoff 

 

Surface runoff is when soil is infiltrated to full capacity and excess water, from rain, snowmelt, or other sources 

flow over the land. For the computation of precipitation excess, precipitation depth data was used from the 

downloaded rainfall data from Philippine E-Science Grid website. These rainfall data were recorded by a rain gauge 

stationed within the study area. The total amount of rainfall during Typhoon Agaton and Typhoon Seniang were 

used to determine the accumulated precipitation excess using the formula as indicated in the literature. For the 

computation of Precipitation excess during a rainfall event, equation 1 in the Soil Conservation Services (SCS) 

Curve Number model was used. The field calculator function in Arc Map was then used for the computations. 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Land Cover Maps of Mainit- Tubay River Basin 

  

For the year 1995, based on the generated land cover map the Mainit-Tubay River basin was covered with shrubs 

and trees of about 70. 51 % of its watershed area. It is followed by water area with about 14.69 %, grassland with 

9.10 %, cropland with 3.80 %, barren with 0.82 %, built up area with 0.58 % and exposed river beds with 0.49 %. 

This land cover map has 91.15 % over all accuracy. 

 

In year 2001 the generated land cover map shows that shrubs and trees is about 71.44 % of the watershed area 

followed by water area with 14.78 %,  grassland with 7.65 %,  cropland with 3.36 %, barren with 1.60 %, built up 

area with 0.75 % and exposed river beds with 0.43 % . This land cover map has 94.30 % overall accuracy. 

 

For the year 2014, based on the generated land cover map was covered with shrubs and trees of about 69.43 % 

followed by water area with about 15.96 %, grassland with 6.60 %, cropland with 4.32 %, barren with 2.19 %, built 

up area with 0.95 % and exposed river beds with 0.55 %. This land cover map has 92.96 % over all accuracy. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Rainfall depth recorded at Jagupit rainfall station during typhoon Agaton and Jabonga rainfall 

 station during typhoon Seniang. 
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Figure 3. Mainit-Tubay river basin land cover maps in year 1995, 2001 and 2014. 
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3.2 Land Cover Change 

 

The total change in area of each land covers within the basin was the sum of the changes of classifications for each 

land cover. The graphs showed below indicates the area of changes of a land cover from its classification in year 

1995 to its classification in year 2001 and for year 2014. For year 1995 to 2001 largest land cover change was due 

to the conversion of grassland to shrubs and trees followed by the conversion of shrubs and trees to grassland. 

Meanwhile, changes from shrubs and trees to grassland were the largest change from year 2001 to 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For better analysis of the land cover change that occurred over the years covered by this research, a table of change 

detection is shown below. In the table the land cover type that has biggest area change from 1995 to 2001 was 

shrubs and trees in which 9.467 km
2
 is the change area detected while smallest change occurred in exposed river 

beds with 0.6434 km
2
 change. From 2001 to 2014 shrubs and trees has the biggest area change covering 20.1569 

km
2
, negative sign indicates decrease of its area. 

 

 

Table 2. Change in Land cover within Mainit-Tubay River basin 

 

 

 

Land Cover Class 
Land Cover Area within the Watershed Change in Area, in sq. km 

1995 2001 2014 1995 to 2001 2001 to 2014 

Barren 0.8263% 1.5919% 2.1883% 7.6157 5.932 

Built-up Area 0.5809% 0.7491% 0.9473% 1.673 1.9721 

Cropland 3.8011% 3.3562% 4.3203% -4.4259 9.5902 

Exposed River Beds 0.4926% 0.4280% 0.5538% -0.6434 1.2514 

Grassland 9.1032% 7.6387% 6.5980% -14.568 -10.3523 

Shrubs and Trees 70.5057% 71.4574% 69.4311% 9.467 -20.1569 

Water 14.6901% 14.7825% 15.9613% 0.92 11.7251 

Total Area 994.7292 sq. km 
  

Figure 4. Percentages of land cover classes within Mainit-Tubay river basin. 
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3.3 Runoff Change detection 

Curve Number (CN) represents the runoff potential of a watershed. The land-cover map and soil texture map were 

intersected using GIS techniques. The resulting hydrologic soil-cover complexes were assigned with CN values 

using a look-up table. Based on the CN value of each land cover, the precipitation excess was calculated using the 

formula: 

   
(      ) 

       
 

Where Pe is the precipitation excess, P for the accumulated rainfall depth during a rainfall event. In this study the 

rainfall data of Typhoon Agaton (January 15-23, 2014) and Typhoon Seniang (December 26-30, 2014) were used. 

Potential maximum retention “S” in the equation is related to curve number (CN) state in the literature above. 

Figures 5 below shows the runoff depth in Mainit-Tubay river basin during the advent of the typhoons we 

experience in year 2014. 
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Figure 5. Runoff depth map during Typhoon Agaton and Typhoon Seniang 
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Based on the results, the runoff depth of typhoon Agaton was basically more than four (4) times the generated 

runoff of typhoon Seniang.  The maps above show that some areas have identifiable change in runoff. More dark 

blue colors appeared in year 2014 than in previous years. It was also observed that areas with land cover change 

also experienced a runoff depth change.  

 

 

Table 3. Runoff change with respect to Land cover change within Mainit-Tubay River Basinusing Typhoon Agaton 

rainfall data. 

 

 

Runoff volume was the product of the land area times the precipitation excess or runoff depth. In the study the 

researchers used Typhoon Agaton rainfall event for it has greater precipitation excess.  Based on the result 

generated, runoff volume in year 2001 decrease compared to runoff volume in year 1995. This is due to the large 

decreased in the grassland and cropland area.  Even though other land cover increase slightly its area it can’t coup 

up the runoff lose due to the decrease in grassland and cropland area. 

 

For year 2014, huge increase in runoff volume was detected. This is mainly due to the increase of the areas of high 

runoff potential land covers such as water, built-up, barren and cropland. High runoff potential land covers have 

high precipitation excess that’s why the total runoff volume in the watershed increases when this land covers 

increase. The decrease of shrubs and trees and grassland areas which have low precipitation excess means that there 

land area were converted to areas with higher precipitation excess causing for the increase of total runoff volume. 

 

 

4. CONCLUSION 

 

This research aims to evaluate the impact of land cover change to the runoff potential of Mainit-Tubay river basin. 

The land cover maps generated were analyzed to know the land cover changes within the watershed from year 1995 

to 2001 and from year 2001 to 2014. Detected land cover changes were further analyzed for possible changes in 

runoff potential of the basin. After creating the runoff depth map from the rainfall data during typhoon Agaton and 

Seniang, it was verified that the areas that undergone land cover change also undergone runoff change. 

 

Since one soil type was used to determine the curve number of the land covers, values of curve numbers fall to one 

Hydrologic Soil Group. In this HSG a unique value of CN is set to each land cover. Runoff depth was computed 

with respect to the rainfall value and the curve number in which rainfall value is constant while CN varies for every 

land cover. Due to this relation the researcher conclude that land cover definitely has effect to volume of surface 

runoff during a rainfall event. This conclusion is based from the results of this paper in which runoff volume of the 

watershed decreased from year 1995 to year 2001 and increased in year 2014 due to land cover changes. 

 

5. RECOMMENDATION 

 

In this study only the land cover was analyzed as the factor affecting the runoff change in an area. However, in real 

life situation, one must take into consideration several other factors such as changes in topography and changes in 

soil type of the study area, and many more. 

 

In future researches, higher resolution images must be acquired and used in order to generate land covers with 

higher precision.  In this study the researcher used a 30 x 30 meter Landsat image, thus resulting to a single land 

cover for every 900 sq. m. area of the watershed. However, in an actual land surface, a 900 sq. m. area would 

comprise different land covers. Using higher resolution images thus increases the research output precision.  

Percentage Area of Land Cover in the Watershed Runoff Change (cu. m) 

 

1995 -2001 Land 

Cover Change 

2001 -2014 Land 

Cover Change 
1995-2001 2001-2014 

Barren 0.7656% 0.5963% 4,186,673.96 3,261,072.51 

Built-up Area 0.1682% 0.1983% 931,867.36 1,098,467.19 

Cropland -0.4449% 0.9641% -2,257,782.15 4,892,243.93 

Exposed River Beds -0.0647% 0.1258% -351,318.47 683,307.32 

Grassland -1.4645% -1.0407% -6,972,734.28 -4,954,958.62 

Shrubs and Trees 0.9517% -2.0264% 3,823,484.63 -8,140,867.99 

Water 0.0925% 1.1787% 548,914.32 6,995,734.01 

TOTAL   -90,894.65 3,834,998.37 
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Furthermore, in the future, a web-based application that automatically displays the relation of land cover change not 

just to runoff but also to other phenomena that will affect our environment must be developed. This application will 

make information dissemination with regards to the effect of the land covers faster to all the residents of the area 

and other individuals with internet access. Furthermore, this will help them realize the importance of land use for 

they will be constantly informed of the effects of land cover change as well as be more aware of the environmental 

changes since the information pertaining to such environmental problem is readily available in the web. With the 

residents and other individuals and perhaps several establishments being properly informed with land cover change 

with the area of the study, they will be more proactive in dealing with the aftermath of land cover change and be 

more open to ways in helping preserve or improve it. 
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