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ABSTRACT: Flooding has long been considered to be one of the deadliest natural disasters. In large river basins, 

flooding can submerge a whole city and cause irreparable damage to human lives and properties. The same can be said 

at the local level where a small creek can submerge a whole barangay, especially if the creek receives large volume of 

water from the upstream that are beyond its capacity. In this paper, we analyzed the physical impacts of flooding caused 

by the overflowing of Lemon Creek to the surrounding local community in Butuan City, Philippines. The physical 

impacts were analyzed in terms of flood depth and inundation extent during heavy rainfall caused by tropical 

storms/typhoons. In this study, we focused on the flooding impacts of Tropical Storm Agaton (January2014) and 

Seniang (December 2014). First, we developed a HEC HMS based hydrological model of the Lemon Creek watershed 

to determine the volume of water flowing into the creek during the storm durations. The HEC HMS model was 

developed using a 10m SAR DEM for watershed and stream delineation and a Landsat 8 OLI image for land cover 

parameter derivation. Discharge measurements were used to calibrate and validate the model. Then, we developed a 

HEC RAS model to simulate the overflowing of the creek during the storm events, with the HEC HMS simulated 

discharge hydrographs as inputs. A 1m resolution LiDAR Digital Terrain Model (DTM) acquired before the storms was 

used in generating the geometrical parameters of the HEC RAS model, and as input in the flood depth and inundation 

mapping. Results of the integrated HEC HMS HEC RAS flood modeling showed the extent of flooding during Agaton 

and Seniang. Using location of structures digitized from a LiDAR Digital Surface Model (DSM), the severity of the 

impacts of flooding to the local community was determined by counting the number of structures inundated during the 

onslaught of the tropical storms. 

 

1. INTRODUCTION 

 

Flood inundation models are a major tool for mitigating the effects of flooding. They provide predictions of flood extent 

and depth that are used in the development of spatially accurate hazard maps. These allow the assessment of risk to life 

and property in the floodplain, and the prioritisation of either the maintenance of existing flood defences or the 

construction of new ones (D. C. Masona, 2011). Anticipating floods before they occur allows for precautions to be 

taken and people to be warned so that they can be prepared in advance for flooding conditions.  

The flood model comprises a hydrological model and a hydraulic model. The hydrological model determines the runoff 

that occurs following a particular rainfall event. The primary output from the hydrologic model is hydrographs at 

varying locations along the waterways to describe the quantity, rate and timing of stream flow that results from rainfall 

events. These hydrographs then become a key input into the hydraulic model. The hydraulic model simulates the 

movement of flood waters through waterway reaches, storage elements and hydraulic structures. The hydraulic model 

calculates flood levels and flow patterns and also models the complex effects of backwater, overtopping of 

embankments, waterway confluences, bridge constriction and other hydraulic structure behavior (Earth Science 

Australia). 

Using SAR DEM, LiDAR data, HEC HMS, HEC RAS and hydrographic surveys this study will reconstruct the 

flooding event in Barangay Lemon Butuan City, Philippines and assess the severity of its impact. 

2. MATERIALS AND METHODS 

2.1 Datasets Used 
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Landsat image utilized in this study for HEC HMS parameterization was downloaded from USGS.gov.ph. It was then 

classified using Maximum Likelihood Classification using ENVI 4.3 software. Soil texture data was downloaded from 

philgis.org. The rainfall data used for simulation was downloaded from predict server of ASTI-DOST accessed at 

http://repo.pscigrid.gov.ph/ using the rain gauge located at Caraga State University. SAR DEM and LiDAR data (DTM 

and DSM) used were requested from Caraga State University PhiL-Lidar1 Project. High Resolution image (Orthophoto 

Image) was obtained from CSU-Phil Lidar2 Project. Household data was manually digitized from orthophoto image 

obtained from Phil. LiDAR 2. The available hydrographic survey data used for calibration was requested from (Berdera, 

2015) that conducted a different study at Lemon Creek. 

2.2 HEC HMS and HEC RAS Modeling 

2.2.1 HEC HMS Model Development 

First, using HEC-GeoHMS 10.1 we delineated the Lemon 

Creek Subbasin or Watershed using the SAR DEM with a 10 m 

resolution and the digitized river network of Lemon Creek 

from Google Earth. Threshold used for stream definition was 

0.5 square kilometers. The delineated Lemon Creek Watershed 

has 28.54 square kilometers with 34 subbasins and 16 reaches. 

We then generated a Land Cover Map (Figure 1). Land-cover 

information is necessary in flood model development. The 

hydrologic component of a flood model requires land-cover 

information as a way to estimate the effects of vegetation and 

other land-cover classes in transforming rainfall into runoff. In 

this study, March 31, 2014 Landsat image was used for land 

cover classification. Radiometric Calibration was applied to the 

image, converting Digital Number (DN) values to spectral 

radiance using the band math function in ENVI 4.3 using the 

following formula: 

RADIANCEBn=RADIANCE_MULT_BANDBn*Bn+RADIAN

CE_ADD_BANDBn employed by (Phil – LiDAR 2 CSU 

Coordination Meeting and Mentoring Sessions, 2014). 

Atmospheric correction was then applied using dark-object 

subtraction to the image. After the image pre-processing, 

supervised classification using maximum likelihood was 

utilized to derive the Land Cover classification. The classes 

include barren, built-up areas, shrubs and trees, cropland, 

grassland and water bodies. Training sets of pixels or Region 

of Interest (ROI) were selected for these classes to derive the 

classification parameters. And another set of pixels that is different from the training ROI was then selected for the 

accuracy assessment. Masked clouds, cloud shadows and misclassification were manually digitized by visual 

interpretation using orthophoto image and Google Earth. 

After the Land Cover Map was generated, the soil type data downloaded from PhilGIS.org was clipped to watershed 

boundary and reclassified to Hydrologic Soil Group.  The HSG is a group of soil textures according to their runoff 

potential developed by (NCRS, 1986). Land cover map and reclassified soil type data was combined using GIS 

technique, which resulted to the combination called hydrologic soil cover complex. The hydrologic soil cover complex 

was then utilized to estimate the Curve Number (CN) value used as parameter for HEC-HMS Modeling under Normal 

Antecedent Moisture Condition. CN value was estimated through the Look-Up Table provided by (NCRS, 1986)under 

the different HSG and CN(II) condition. The Land Cover Map generated was different from the Land Cover Class 

provided so the Land Cover Map was reclassified according to the Look-up Table available. Manning`s Surface 

Roughness was also estimated using a Look-up table necessary for HEC-RAS Model parameterization. River width was 

also necessary for the parameter of HEC HMS Model digitized from orthophoto image. 

Parameters used for HEC-HMS Modeling (Table 1) were the SCS-CN, Clark Unit Hydrograph, Recession and 

Muskingum-Cunge 

Figure 1 Map showing the generated land cover of 

Lemon Creek Subbasin 
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Table 1 Parameters used for HEC HMS Model 

Component Model Name Parameters 
Source of Initial Estimates/Method 

of Estimating Initial Values 

Infiltration 

Loss 
SCS-CN 

Curve Number (CN) 

 

Look-up table of CN values of land-

cover classes under different 

hydrologic soil groups (HSG) 

Initial Abstraction, mm. (Ia) 
Ia = 0.2 S 

Where: S = (25400/CN) - 254 

Impervious, in %  

Direct Runoff 
Clark Unit 

Hydrograph 

Time of Concentration, in hours 

(Tc) 

Computed using CN Lag method 

Tlag = 0.6 Tc 

Where: 

Tlag =( L
0.8

[(1000/CN)-9]
0.7

)/(1900 

Y
0.5

) 

L = hydraulic length of the watershed 

(ft) 

Y = basin slope (%) 

Storage coefficient, in hours (R) R = Tc 

Baseflow Recession 

Initial Baseflow (Q0) Initially set to 0 

Recession Constant (k) Initially set to 1 

Baseflow threshold (ratio-to-peak 

flow) 
Initially set to 0.05 

Channel 

Routing 

Muskingum-

Cunge 

Reach length Estimated based on river data 

Reach Slope Estimated based on DEM 

Channel Roughness (Manning’s n) 

Estimated based on the downloaded 

high-resolution satellite images from 

Google Earth 

Channel Shape Rectangular 

Side Slope (xH:1V) x = 1 

Bottom width 

Estimated based on the downloaded 

high-resolution satellite images from 

Google Earth 

 

After the parameterization of Basin Model it was exported for final set-up of HEC HMS model. Meteorological Model 

was then developed using HEC HMS 3.5. 

 

2.2.2 Calibration of HEC-HMS Model 

 

 Each model that is included in the program has parameters. The value of each parameter must be specified to use the 

model for estimating run-off or routing hydrographs. The appropriate values of the parameter can be selected if there is 

an available rainfall and stream flow observations through calibration. Calibration uses hydrometeorological data in 

systematic search for parameters that yield the best fit of the computed results to the observed run-off. This search is 

often referred to as optimization (Feldman, 2000). 

The data used for calibration in this study was obtained from field observation on February 2,2015 rainfall event from 

10:30 AM to 6:00 PM.Water Level and velocity was measured simultaneously in every fifteen minutes interval in the 

given cross section line. Water Surface Elevation was calculated from adding the water level to baseflow water surface 

elevation. Cross section Area was calculated using the add-in hydrotool in Microsoft Excel.  Discharge was calculated 

using the formula: 

         Equation 1  

  Where: 

   Q= discharge (cu. m/s) 

   V= Velocity (m/s) 

   A= Area (sq. m) 

The calibration process was done using the performance evaluation statistics provided by (Moriasei, 2007). 
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Table 2 Performance Rating of HEC-HMS Model 

General Performance Ratings 

Performance 

Rating RSR NSE PBIAS 

Very Good 0.00 < RSR < 0.50 

0.75 < NSE < 

1.00 PBIAS <      

Good 0.50 < RSR < 0.60 

0.65 < NSE < 

0.75 

     < PBIAS < 

     

Satisfactory 0.60 < RSR < 0.70 

0.50 < NSE < 

0.65 

     < PBIAS < 

     

Unsatisfactory RSR > 0.70 NSE < 0.50 PBIAS >      

 

NSE indicates how well the plot of observed versus simulated data fits the 1:1 line. NSE ranges from between -∞ and 

1.0 (1 inclusive), with NSE=1 being with the optimal value. Values between 0.0 and 1.0 are generally viewed as 

acceptable levels of performance, whereas values  < 0.0 indicates that the mean observed value is a better predictor than 

the simulated value, which indicates unacceptable performance. RSR standardizes RMSE using observations standard 

deviation. RSR varies from the optimal value of 0, which indicates  zero RMSE or residual variation and therefore 

perfect model simulation to a large positive value. The lower RSR, the lower the RMSE, the better the model simulation 

performance. 

 

Percent Bias (PBIAS) measures the average tendency of the simulated data to be larger or smaller than their observed 

counterparts.The optimal value of PBiAS is 0.0, with low magnitude values indicating accurate model simulation. 

Positive values indicate model underestimation values and negative values indicate model overestimation bias. 

 

NSE, RSR and PBIAS were calculated using these formulas: 
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Figure 2 Final HEC HMS Model set-up 

2.3 HEC RAS Model Development 

Channel geometry was created like stream centerline, river bank, flow paths and cross section lines using LiDAR DTM 

in HEC-geoRAS 10.1. Stream center line was digitized from upstream to downstream direction same with river bank 

and flow path lines stopping at each junction. Cross section lines were digitized from left to right bank direction, 

perpendicular to stream center line facing downstream. After HEC GeoRAS parameterization, created channel geometry 

was then exported for HEC-RAS model set-up. Manning`s roughness coefficient was set from the look-up table. The 

simulated discharge from the HEC HMS model was used as key input for steady flow analysis used in simulation for 

water depth and flood extent, after the simulation water surface elevation of flooded areas will be generated.  

 

 

 

Figure 3 Map showing the HEC RAS geometries for HEC RAS final model set-up 
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3. RESULTS AND DISCUSSION 

After seven optimization trials Figure 4 shows the result of optimized HEC HMS Model using the Univariate Gradient 

Optimization in HEC HMS 3.5 software. The simulated discharge was optimized to conform to the observed discharge 

gathered through field observation last February 2,2015 rainfall event utilizing the rainfall station located at Caraga 

State University, Butuan City. Table 3 shows the optimization model performance using the Univariate Gradient with a 

“very good” performance rating based on the calculated statistics. 

 

 
Figure 4 Univariate Gradient optimization result 

 
Table 3 Univariate Gradient optimization model performance statistics 

MODEL PERFORMANCE 

  Performance Rating 

Average Error -0.169 m3/s 

RMS Error 0.497769193 m3/s 

NSE 0.889722263 very good 

RSR 0.332080919 very good 

PBIAS -4.12825468 very good 

 

Using the calibrated HEC HMS model, the simulated discharge was used for the simulation of flood inundation during 

Typhoon Agaton (Figure 5) and Seniang (Figure 6) using steady flow analysis. After the simulation of flooding event in 

the said area, the result was then intersected to the digitized household using the ortho-rectified image of Barangay 

Lemon. It was found out that the total number of households (Table 4) affected during Typhoon Agaton was 368 and 

Seniang 364 out of 373 households of Barangay Lemon.  

 

Table 4 Number of affected households during flooding event 

Total Number of Households 
Number of Affected Households 

AGATON SENIANG 

373 368 364 
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Figure 5 Map showing the flooding incident in Barangay Lemon, Butuan City, Philippines during Typhoon Agaton 
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Figure 6 Map showing the flooding incident in Barangay Lemon, Butuan City, Philippines during Typhoon Seniang 
 

4. CONCLUSION 

As we reconstruct the flooding incident during the two tropical storms, the result showed that flood depth and extent 

were deeper and wider during the typhoon Agaton thus affecting more households than the flooding incident during 

typhoon Seniang. The result also showed that the number of the affected households has only a slight difference 

from the two typhoons. We can conclude that during flooding incidents almost all of the residents were affected. 

The result in terms of depth and extent were expected because of the recorded intensity of the rain during the 

typhoons. Agaton had a total of 287.274mm amount of rainfall for 5 days from January 17-21, 2014 while Seniang 

had 213.2mm from December 26-30, 2014. 

 

5. RECOMMENDATION 

 

Based on the results presented, we recommend the following: 

 

1. Validate the flood depth and extent during the two tropical storms. 

2. Validate the number of households affected. 

3. Elevation dataset needs to be updated. 
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