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ABSTRACT
The area surrounding the Mandulog River in northern Mindanao has been experiencing changes
due to both conversion of forestland to agricultural lands and due to infrastructure and community
development in the area. This changing landscape, and the possible effects of a changing climate in
Mindanao, may have been factors to the destructive flooding suffered by the lowland areas during the
rage of tropical storm Washi (―Sendong‖) particularly in Iligan City. This article pieces
togetherobservations and researches on the general state of the Mandulog River from the past and the
present.
Keywords:remote sensing, land cover change, flooding
INTRODUCTION
Over the past few years, the island of Mindanao has experienced some of the worst flood
incidences in the country. The first of a string of events, the arrival of tropical storm Washi (better
known as ―Sendong‖ as per the PAGASA naming convention), was especially shocking. The massive
losses in life, property and financing caused in the cities of Cagayan de Oro and Iligan rattled media
headlines and shocked the world even if it was already bracing for the dangers of a changing climate.
There were even unreported events of the storm-brought rainfall devastating areas surrounding Lake
Lanao (Mero, 2013). These once far-flung realities of ruin made the tell-tale notion of the South’s
safety from weather hazards totally devoid of meaning.
The Mandulog River was one of the four rivers that were involved in the Sendong crisis. Over the
years prior to the event, its surrounding landscape has experienced changes that possibly contributed
to the disaster.

Figure 1. An eroded section of the incomplete Bukidnon-Iligan road along the Mandulog River taken in April 2, 2013. If the
20-m easement for rivers in urban areas as required by PD1067was observed for the project, it will mean the river has
already eaten through it during the Sendong event.
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The river
The Mandulog River is a 50-km waterway that runs through the north of Iligan City in Lanao del
Norte, with tributaries coming as far as Lanao del Sur.The upstream areas of the river are largely
undeveloped as it courses through mountainous and hilly terrain whereas the downstream portions are
developed lowland areas.
Figure 2shows a comparison of the Mandulog River from two different time periods as recorded
in Google Earth. Figure 3 shows the same area, this time with the LANDSAT 8 satellite.

Figure 2. A comparison of the Mandulog River at the downstream from two different years. The top image shows the river
at the year 2004 while the bottom image is taken in 2009 (according to the historical imagery slider of Google Earth, where
the images were sourced). Both images are in true-color, and the browning of the river at the right picture is possible
evidence of a serious case of sedimentation.

Figure 3. The same area of the Mandulog river, this time taken from a LANDSAT 8 image dated 22 May 2013. Pixel
resolution is at 30m x 30m. Heavy river sedimentation is evident.

The Sendong event
Dr. Mahar Lagmay of the UP National Institute of Geological Sciences (UP NIGS) described the
destruction caused by flooding from the Mandulog River as ―a tsunami, but with more debris that
made it even more erosive‖ and that ―the destruction in Iligan City is worse than that of Cagayan de
Oro… even worse than what happened in 2006 in Guinsaugon‖. He also noted that ―logging—may it
be legal or illegal—may have aggravated the floods, but the primary reason for this was the extreme
rainfall brought about by Sendong‖. (Aurelio, 2011)
The presence of debris and sedimentation in the stormwater runoff of the Mandulog River
signifies that the upstream areas were subjected to land cover alteration, since changes in land use and
land cover have been directly linked to runoff and sedimentation rates, among other processes.
(Mendoza, Lopéz Granados, Geneletti, Peréz-Salicrup, & Salinas, 2011)
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CHANGING FORESTS, CHANGING HYDROLOGY
There are many factors that affect the hydrology of the watershed and its parent river system, such
as ―vegetation types, soil properties, geology, terrain, climate, land use practices, and spatial
patterns‖, and that there is ―essential consensus that all of these factors and interactions are influenced
by human activities, including fluvial geomorphology and climate‖ (Tomer & Schilling, 2009). In the
Natural Resources Conservation Service Curve Number (NRCS-CN) method of watershed modelling
– where a lower CN value of an area of the watershed means a larger precipitation holding capacity
before surface runoff begins – forested areas have the least CN values, denoting the high capability of
such places to hold rainwater. This factor is described in Table 1.

Land Use
Description on
Input Screen

Agricultural
Commercial
Forest
Grass/Pasture
High Density
Residential

Table 1: Table of Sample CN Values1
Description and Curve Numbers from TR-55
Cover Description
Curve Number
for Hydrologic
Soil Group
Cover Type and Hydrologic
% Impervious
A
B C D
Condition
Areas
Row Crops - Staight Rows + Crop
64 75 82 85
Residue Cover- Good Condition
Urban Districts: Commerical and
Business
Woods - Good Condition
Pasture, Grassland, or Range - Good
Condition
Residential districts by average lot
size: 1/8 acre or less

85

65

89

92

94

95

30
39

55
61

70
74

77
80

77

85

90

92

Given that forest cover, indeed, has an effect on rainwater runoff as indicated in a model ―widely
used for waterresource management, stormwater modeling andrunoff estimation for single rainfall
events in smallagricultural or urban watersheds‖ (Xiao, Wang, Fan, Han, & Dai, 2011), conversion of
forestland to agricultural lands and other purposes would imply a reduction in the capability of the
area to hold rainwater and, more so, stormwater. In Figure 4 two false-color images of the Mandulog
river are shown, side-by-side, comparing the state of the land cover around the river system. Both
images were taken in the month of May, so as to assure that they are both in the same season.

1

Original table obtained from Purdue University’s L-THIA Model project website
https://engineering.purdue.edu/mapserve/LTHIA7/index.html (accessed 26 October 2013). Note that TR-55 is
the official NRCS document on the Curve Number method.
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Figure 4. Two images of the Mandulog river system. The top item is a LANDSAT 4 image taken 12 May 1989 while the
bottom item is a LANDSAT 7 SLC-ON image taken 26 May 2000, both in false-color images. Reddishand crimson areas
signify thicker vegetation, while cyan ones are built-up areas. Areas with green-cyan tones are agricultural areas. Note that
that the areas around the body and near the mouth of the river have cyan tones, signifying a reduction in vegetation
cover.Also note the area boxed in blue on both images which is approximately 17 square kilometers. The large patch of cyan
to the northwest is Iligan City.

The above images depict that the forest cover around the Mandulog River, especially those
around the body and near the mouth of the river, as depleted in exchange for agricultural lands,
residential development and possibly logging sites as early as 1989.In addition, there was a large
patch of forestland (approximately at 17 km2) at the head of the river that was still present in 1989 but
was converted to another purpose by the year 2000. And given that it was only recently that the whole
Mindanao began experiencing increased amounts of rainfall especially during the last quarter of the
year – a possible effect of the changing climate – the amount of sediment and runoff would be high
during a storm event.
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Figure 5. The same area shown in Fig.4, but this time using a false-color LANDSAT 8 image taken 22 May 2013. Note the
difference in the width of the river near Iligan City as compared to that in Fig. 4.

LESSONS LEARNED
The Mandulog river was one of the four major rivers that contributed to the Sendong crisis of
2011. Years prior to the event, the forest cover of the area has experienced decline due to growth in
agricultural activities and residential development. The reduction of forest cover – meant to act as a
buffer for slowing down stormwater runoff – and the sudden increase in rainfall brought by off-season
weather disturbances both contributed to the disaster in lowland Iligan City.
While the changing climate’s effect is virtually irreversible, forestland protection isn’t. The
abovementioned remote sensing tools only serve as an aid to detect changes in forest cover but the
power to manage these resources still lie on the government. And it should not only be the
responsibility of the local government unit affected (in this case, Iligan City) but also the unit that has
control over the forested territory in question (Lanao del Sur, as shown in Fig. 6) – which is also the
case in the Cagayan de Oro river, where a large part of it is located within the boundaries of Bukidnon
province.Proper and open coordination between the LGU’s concerned should therefore be a first step
in addressing natural resources management for the prevention of another Sendong-like disaster, such
as the formation of an inter-LGU forest protection agency.
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Fig. 6: A Google Earth image of Northern Mindanao. The area boxed red is the same area that was shown in Fig. 4 as having
a large change in forest cover. From the political boundaries shown in the map, the place falls under the jurisdiction of Lanao
del Sur and not Lanao del Norte, where Iligan City is located.
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