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ABSTRACT 
 

Land cover in Marikina Watershed has been changing in the past years and have influenced the 
hydrological parameters in the area especially the runoff of Marikina River. Land cover data of 2009 
and 2018 were used in determining the effect of land cover changes on peak discharge and timing of 
runoff. A Typhoon Ketsana scenario-based hydrologic and hydraulic models were generated with HEC-
HMS and HEC-RAS. Flood model results showed increases in both peak discharge (500 m3/s) and 
volume of flood (40 mm). Modelled peak discharge for land cover of 2018 happened 15 minutes earlier 
than in 2009. Flood extent in the downstream areas also increased by an estimated of 7 km2. The 
increase in areas converted to built-up raised the risk of flooding downstream. Forest cover should be 
protected to mitigate flooding and flood modelling is recommended as a potential early warning system 
and tool in disaster risk planning. 
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1 INTRODUCTION   
 
Flooding is considered as one of the most common and most destructive natural hazards. In the Philippines, 
these are caused by increasing typhoon activity where an average of 19 typhoons enter the Philippine Area of 
Responsibility (Cinco et al., 2016). Land cover also plays an important role in influencing the hydrologic 
response of watersheds in multiple ways (Dwarakish & Ganasri, 2015). In September 2009, typhoon Ketsana 
(Ondoy) brought in a record 448.5 mm of rain in 12 hours leading to 10.99 m increase in the water level of 
Marikina River (NOAH, 2009). Flooding in parts of the watershed was repeated in the next few years during wet 
season. 
The main objective of the study is to determine how urban development in the Marikina Watershed would affect 
flood characteristics of a Tropical Storm Ketsana-type rainfall in 2009. Hydrologic-hydraulic models were done 
using land covers of 2009 and 2018. Both the precipitation and estimated discharge of 2009 are used as 
scenarios and constant in both models. The study is limited to HEC-HMS Hydrologic Engineering Center - 
Hydrologic Modeling System (HEC-HMS) and HEC-River Analysis System (HEC-RAS) programs of the United 
States Army Corps of Engineers. The Nash-Sutcliffe Coefficient of Model Efficiency (NSE) was used for the 
validation of hydrologic models. 
 

2 RESULTS AND DISCUSSION  
 
The delineated watershed for Marikina River has a total area of 535.5 km2 making it the largest watershed 
draining to the Laguna Lake. Its slope ranges from 4-51° and the elevation ranges from 2 -1403 meters above 
sea level. Overall, 439.8 km2 (82.3 %) of Marikina Watershed was unchanged and 33.27 km2 was urbanized 
from 18.8 km2 of open forest and 12.8 km2 of grassland. This means that urbanization is the main direction of 
change leading to 4.5% increase in impervious surface. The watershed has 45 sub-basins, 22 junctions and 22 
reaches. It has a computed shape factors of 0.21- 7.22 among its sub-basins and has a semi-circular shape, 
circular at the upstream with some elongation near the outlet.   
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Figure 1. Hydrograph models of 2009 and 2018.  

The streamflow data (m3/s) is estimated from Marikina River’s hourly water level (Sto. Niño station) data up to 
September 26, 2009 because the monitoring device was damaged the following day. The peak discharge and 
volume of flow of 2009 model corresponded to 3,414.9 m3/s (September 26 at 15:30) and 205.76mm (Figure 
1). For the 2018 model, the peak discharge is 3,951.1 m3/s (September 26 at 15:15) which is higher and 15 
minutes earlier than the result for 2009. This suggests that the land cover changes, mainly urbanization and the 
decreased vegetal cover, affected the peak runoff by more than 500 m3/s. The volume flow of 242.74mm is also 
higher than the previous model. The NSEs for both 2009 and 2018 models increased after calibration to 0.641 
and 0.717 indicating the difference between the simulated and estimated flows was minimal and the models 
were considered more than satisfactory. 

The 4-hour time difference between the peak rainfall and peak discharge can be utilized for evacuation. Flood 
extents covering approximately 36.20 km2 for 2009 while 43.03 km2 for 2018 were generated. The model maps 
were overlain to Marikina 5-, 25- and 100- Year Flood Hazard Maps and they overlapped inside the flooded 
area. They were also in accordance with the flood reports during Typhoon Ketsana. 
 

3 CONCLUSIONS 
 
In the Marikina Watershed, urban area expanded by 5% from 2009 to 2018 and the tree-covered surface was 
reduced by roughly 5% as well. The computed results for the 2018 scenario follow the same pattern but is higher 
and 15 minutes earlier than 2009. This concludes that land cover changes affected the response of Marikina 
River. Using the hydrograph produced, the flood model in the downstream areas also increased by an estimated 
of 7 km2

 for 2018 scenario. Land cover change can be considered in flood mitigation and disaster risk planning. 
Vegetal cover should be increased by allocating green spaces. Hydrologic and hydraulic modelling are effective 
tools in decision making for watershed management.  
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