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 Background: The area of Kali Lamong Sub Watershed is a part of Bengawan Solo 

Hilir Watershed which in annual rainy season becomes flooded; and lately the flooded 

area was expanded. Generally, flood will lead to risk on properties loss, the damage of 

facilities, socio-economic disadvantage, the decrease of land productivity and 

environment quality. Objective: The aims of this study were to determine the 

integrative spatial model of land use by river hydrodynamic model towards flood 
potency with GIS, assess the watershed responses for valuation on flood risk, and 

determine the flood risk and economic loss in Kali Lamong Watershed area. 

Methodology: Initial phase of the study was identified the problems, continued by area 
study and model development. Area study includes the data demand, collection, and 

processing. Model development consists of Integrative Hydrology Model and dynamic 

GIS. Model testing and application were conducted to obtain flood risk map on flood 
vulnerability by SIMODAS program and economic loss due to flood was simulated by 

SIMEKO program. Results: The results indicate that SIMODAS (flood simulation) 
showed overflow flood expand from the District of Sambeng to Mantup, District of 

Balongpanggang overflow to the north to District of Benjeng. Overflow flood also 

happens in District of Kebomas and Menganti around the river, as well as District of 
Benowo; which be passed by Kali Lamong. The land use areas which affected by the 

flood risk are irrigation paddy field, rainfed paddy field, fishponds, building, and 

sanitation. The model of flood risk and economic loss by SIMEKO estimated the loss 
of Q5: Rp. 160,851,939.154, Q10: Rp. 169,470,032.112, Q25-50: Rp. 176,513,499.774, 

and Q100: Rp. 182,369,647.427. Conclusion: The future risk and economic loss due to 

flood can be estimated by using integrative spatial model with GIS and relation curve of 

the economic loss. 
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INTRODUCTION 

 

 Flood is become regular phenomenon in the area 

of East Java, especially in Bengawan Solo Hilir 

watershed in every year –flash floods, flooding and 

tidal inundation of sea water– expand from year to 

year, including Sub Watershed of Kali Lamong 

(Santoso, 2013). Although efforts of flood 

countermeasures have been done, the flood in Kali 

Lamong watershed area is hard to be avoided. It was 

due to several main causes, i.e. inevitable high 

rainfall, the worsening rate of quality on the 

watershed area, sedimentation, and back water of the 

tide. These causes were hard to be prevented because 

the characteristics of Kali Lamong in the rainy 

season often overflowed its maximum capacity, 

otherwise the water shortages in the dry season. 

 The efforts to control flood in Kali Lamong 

implies in the government’s programs. However, it 

was not optimal yet. The flood caused loss and 

disadvantage for surround community (Hewlett, 

1982; Hinsa, 2007), thus it is necessary to design 

appropriate policy on flood management completely 

(ISO, 2009). We need to assess the flood risk as the 

consideration based on the problems essential 

(Clayton and Radchiffe, 1996) , from the upstream to 

the downstream of Kali Lamong. Therefore the river 

management should be run with the concept of One 

River One Plan to become comprehensive and fulfill 

the demand and interest of the community along the 

watershed of Kali Lamong. This study was aimed to 

determine the integrative spatial model of land use 

by river hydrodynamic model towards flood potency, 

assess the watershed responses on flood risk, and 

determine the future flood risk model and economic 

loss as consideration in managing the function of 

Kali Lamong Watershed area. 
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Fig. 1: Research Flowchart. 

 

MATERIAL AND METHODS 

 

Research Flowchart: 

 The research flowchart was used as procedure to 

complete this study. This research was conducted 

refer to following flowchart (Fig. 1).  

 

Study Area: 

 The watershed area of Kali Lamong is the sub 

part of Bengawan Solo River. It is administratively 

include in the Regencies area of Lamongan, 

Jombang, Mojokerto, Gresik and City of Surabaya 

with estuary in Lamong Gulf and Madura Strait. Kali 

Lamong has 720 km
2
 watershed areas with 103 km 

river length and has 7 creeks. The stream of Kali 

Lamong is tidal flat, which is submerged in the high 

tide, and becomes flat area or sediment when the tide 

is low. The downstream branched into two streams 

and formed an emerged area or small island called 

Galang. 

 Physical condition of Kali Lamong watershed 

principally consists of topography and geology 

condition. Topography of Kali Lamong Watershed 

area was elevated in 180 m above sea level (asl), i.e. 

in the Village of Sendangrejo, District of Ngimbang, 

Regency of Lamongan. The lowest elevation of 0 m 

was located in the estuary of Kali Lamong in City of 

Surabaya (Fig. 2a). Watershed of Kali Lamong has 

eight type of soil (Fig. 2b). The land use of the area 

surround the Kali Lamong presented in Fig 2c. The 

map of vegetation covers is important in policy 

making (Antara and Gunawan, 1996) related to the 

changes on flood hydrograph (Brooks et al, 1989).  
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Fig. 2: Map of Physical Condition in Kali Lamong Watershed Area Map of topography (a), land use (b), and  

soil characteristics (c). 

 

Data Collection: 

 Besides the maps of topography, land use, and 

soil characteristics, we also used the map of 

vegetation cover and rain fall for the last 9 years 

(203-2012). Collected data were obtained to visualize 

the surface water presentment in the Kali Lamong 

Watershed area. Surface water is stored or flowing 

water on the surface of the earth. Surface water 

systems continuously interact with atmospheric water 

system. Hydrograph of flow or discharge is a graph 

or a table that shows the flow rate as a function of 

time at a specific location on the flow. 

 

Data Analysis: 

 Data was differentiated into static data, semi-

dynamic data and dynamic data. Static data were 

analyzed by Digital Elevation Model (DEM), digital 

data which describe continuous variation of the earth 

surface (Sulistiyo, 2011). DEM re-describes the earth 

relief through information of several points in the 

form of raster or line, according to the coordinate, 

elevation, and geomorphology appearance. 

Otherwise, the processing of semi-dynamic data 

analyzed spatial RBI maps of Indonesia in digital and 

analog form. We also analyzed the spatial data by 

using Landsat imagery map, Triangular Irregular 

Network (TIN) (Sukatja, 2004), aggregation of DEM 

Raster, flow direction and elevation (Rewets and 

Engel, 1991).  

 Indicator areas which were used to indicate the 

change of expanded flood risk area are rainfed paddy 

field, irrigation paddy field, fishpond, settlement, 

sanitation, and building. The flood risk simulation 

(SIMODAS) used the rain debit in stations surround 

the stream of Kali Lamong (Supplementary 1). The 

flood risk simulated in the distance period of 5 

(multiple) years, i.e. range period of 5 years (Q5), 10 

years (G10), 25-50 years (Q25-50), and 100 years 

(Q100). 4. The flood potency was simulated by 

SIMODAS for the input debit 300 m
3
.s

-1
. 

 

Economic Analysis of Flood Risk: 

 Analysis of the economic losses derived from 

the components of economic, physical and 

environment. These components are tabulated based 

on different indicators; refer to the flood data in Kali 

Lamong. Loss index can be obtained after each 

disaster hazard map has been completed. The data 

obtained for the entire component is then divided 

into 3 classes of threat, i.e. low, medium and high 

(Table 1). Aside from the class index determination, 

these components were also tabulated to obtain 

potential losses in the unit area in rupiah 

denomination. Index of economic losses in the floods 

of Kali Lamong is based on disaster risk assessment 

determined by the National Board for Disaster 

Management (BNPB) processed in System of 

Information Model on Economic Loss (SIMEKO). 
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Table 1: Components of Loss Index 

No. Components Class Index Score Data Resources 

Low Medium High 

1 Productive land < Rp 50 Million Rp 50-200 million > Rp 200 million 60% Land use 

2 Settlement < Rp 400 Million Rp 400-800 million > Rp 800 million 15% Podes 

3 Public facilities < Rp 500 Million Rp 500 million - 1 billion > 1 billion 15% 

4 Critical facilities < Rp 500 Million Rp 500 million - 1 billion > 1 billion 10% 

 

Relation Model of Flood Risk and Economic 

Losses: 

 In the modeling of flood risks, analyses were 

conducted on the environmental carrying capacity, 

potential flooding and the effect of climate change 

(ISDR, 2004). Further analysis tabulated the land 

suitability and availability, suitability and availability 

on water quality, capacity of the river, sediment, and 

potential water resources. 

 The results of these multiple analyzes were 

integrated in a flood risk map that described the 

flooded area and the types of flooded elements, e.g. 

irrigated paddy field, rainfed paddy field, 

construction/buildings, sanitation, ponds, and 

settlements. Each element of the flood risk maps 

were calculated on the value of the economic losses 

to obtain correlation between the model of flood 

risks and economic losses.  

 Loss index obtained from the component of 

economy, physic, and environment of Kali Lamong 

flood data. The loss index divides into three 

threatening class, i.e. low, medium and high. The 

tabulation of the components also result the 

economic loss in Rupiah.  

 

RESULTS AND DISCUSSION 

 

Flood Risk Map of Kali Lamong Watershed: 

 Map of flood risk portray the flood area around 

the Stream of Kali Lamong River. The map of flood 

risk obtained from the contour map, DEM data, and 

rainfall station. The map of flood risk in range period 

of 5 years (Q5), 25-50 years (Q25-50), and 100 years 

(Q100) were showed in Fig. 3. The map portray the 

change in the land use, includes building, settlement, 

paddy field, forest, swamp forest, and farm field. The 

simulation results show recapitulation of the peak 

flood debit which showed the amount of flood 

discharge to the area of Kali Lamong Watershed 

(Table 2). 

 
Table 2: Peak of Flood Debit Nakayasu Recapitulation in Kali Lamong Watershed. 

Q peak (m3.s-1) 

Q1.01 Q2 Q5 Q10 Q20 Q25 Q50 Q100 

141.53 233.37 261.468 274.47 286.39 293.14 298.55 310.68 

Source: Simulation Analysis 

 

 
 

Fig. 3: Map of Physical Condition in Kali Lamong Watershed Area Range period of 5 years (a), 25-50 years (b),  

and 100 years (c). 
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Flood Risk in Kali Lamong Watershed: 

 The results of SIMODAS (flood simulation) 

showed overflow flood expand from the District of 

Sambeng to Mantup, District of Balongpanggang 

overflow to the north to District of Benjeng. 

Overflow flood also happens in District of Kebomas 

and Menganti around the river, as well as District of 

Benowo; which passed by Kali Lamong. The land 

use areas which affected by the flood risk are 

irrigation paddy field, rainfed paddy field, fishponds, 

building, and sanitation.  

 The flood simulation showed that floodwaters 

spread more widely in every range period of 5 

(multiple) years. Rainfed paddy field is the indicator 

area with most increased flood area in all range 

period of 5 years (Q5), 10 years (G10), 25-50 years 

(Q25-50), and 100 years (Q100); followed by irrigation 

paddy field and settlement, otherwise fishpond, 

sanitation and building increased slightly (Table 3). 

 
Table 3: Flood Risk Area Surround Kali Lamong Watershed  

Indicator Flood risk area (ha) 

Q5 Q10 Q25-50 Q100 

Rainfed paddy field 5,724.170 6,196.167 6,591.190 6,952.872 

Fishpond 3,867.494 3,880.742 3,892.483 3,899.483 

Irrigation paddy field 1,843.477 1,965.147 2,085.798 2,177.771 

Settlement 1,219.929 1,290.458 1,342.512 1,381.502 

Sanitation 120.914 130.288 133.063 134.289 

Building 33.851 37.426 39.260 40.724 

Total (ha) 12,809.835 13,500.228 14,084.306 14,586.641 

Flood Risk Increasing (%) 5.39 4.33 3.57 

Source: Simulation Analysis 

 

Economic Loss and Flood Risk in Kali Lamong 

Watershed: 

 Simulation on the flood risk area (Table 3) 

integrated to the economic loss due to the flood risk, 

resulting estimation of economic loss per ha (via 

questionnaire to the respondents) and total loss in 

every quartile. The increasing flood risk area in every 

quartile increases the economic loss in each 5 years-

quartile. In period of 5 years (Q5), 10 years (G10), 25-

50 years (Q25-50), the highest loss occurs in the 

settlement area (Table 4). However, in the last period 

of 100 years (Q100), the highest loss occurs in the 

rainfed paddy field area.  

 
Table 4: Economic Loss in the Flood Risk Area Surround Kali Lamong Watershed. 

Area Loss per ha 

(Rupiah) 

Total Economic Loss (Rupiah) 

Q5 Q10 Q25-50 Q100 

Irrigation paddy 
field 

8,927,087 16,456,879,561 17,543,038,237 18,620,100,210 19,441,151,183 

Rainfed paddy field 8,927,087 51,100,163,593 55,313,721,876 58,840,126,564 62,068,893,244 

Settlement 44,000,000 53,676,876,000 56,780,152,000 59,070,528,000 60,786,088,000 

Building 10,000,000 338,510,000 374,260,000 392,600,000 407,240,000 

Fishpond 10,000,000 38,674,940,000 38,807,420,000 38,924,830,000 38,994,830,000 

Sanitation 5,000,000 604,570,000 651,440,000 665,315,000 671,445,000 

Total 160,851,939,154 169,470,032,112 176,513,499,774 182,369,647,427 

 

 The index of economic loss for the area 

surrounds Kali Lamong Watershed determined based 

on the assessment of disaster risk by BNPB. Table 5 

below classifies the area with flood risk related to 

simulated-economic loss.  

 
Table 5: Index of Economic Loss in the Flood Risk Area surround Kali Lamong Watershed 

Flood Risk Area Score Class of 

Economic Loss 

Irrigation paddy field High 1 

Rainfed paddy field High 1 

Settlement High 1 

Building Low 0.33 

Fishpond High 1 

Sanitation Low 0.33 

 

Model of Economic Loss by SIMEKO: 

 The System of Economic Loss Information 

Model (SIMEKO) is a user interface to input the 

economic data towards the flood risk area. The 

tabulation of the economic loss formed graphical 

description on the Q5 to Q100 period (Fig. 4). The 

most influenced area related to the community’s 

common occupation, i.e. agriculture. Irrigation paddy 

field, rainfed paddy field, and fishpond has high 

index for economic loss. Settlement was also 

estimated to have high economic loss because the 

material for the settlement area is still traditional, 

using bamboo as the main wall. Building and 

sanitation facilities is less established, thus estimated 
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with low economic loss compared to the other flood risk area.  

 

 

 

 
 

Fig. 4: Model of Economic Loss in the Flood Risk Area of Kali Lamong Watershed (a) Irrigation Paddy Field,  

(b) Rainfed Paddy Field, (c) Settlement, (d) Building, (e) Fishpond, (f) Sanitation 
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Supplementary 1. Daily Maximum Rainfall in Station Surround Kali Lamong Watershed  

Station Daily Maximum Rainfall (mm) 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Sememi 117 79 90 130 97 120 78 127 79 82 

Bunder 69 77 84 150 70 76 85 103 103 72 

Cerme 54 65 43 120 58 74 88 111 108 73 

Benjeng 116 90 66 115 79 76 84 90 89 53 

Balongpanggang 79 89 101 115 63 78 87 114 153 68 

Mantup 100 113 175 156 98 139 110 105 100 63 

Menganti 60 85 67 75 67 52 97 76 73 22 

Ngimbang 143 82 61 103 84 82 94 118 119 64 

Pule Kidul 140 116 94 106 100 110 110 164 149 105 

Bluluk 133 64 97 77 52 116 61 105 92 92 

Terusan 98 130 88 81 89 108 136 99 101 90 

Mangunan 85 103 103 79 103 103 103 160 125 125 

Average 99.50 91.08 89.08 108.92 80.00 94.50 94.42 114.33 107.58 75.75 

Source: BMKG East Java, Indonesia (2014) 

 

Conclusion: 

 The highest economic loss due to flood in Kali 

Lamong Watershed is in the peak debit Q100, for 

Rp182,369,647,427. The loss consisted from the 

flood risk sectors, e.g. irrigation paddy field, rainfed 

paddy field, settlement, building, fishpond, and 

sanitation. Area with the highest economic loss is 

rainfed paddy field in the period of Q100, as much 

as Rp.62,068,893,244. The economic loss in the 

flood risk area is estimated high for irrigation paddy 

field, rainfed paddy field, settlement, and fishpond. 

Otherwise, the low indexed area for economic loss is 

buildings and sanitation, due to their lack numbers. 

For further research, the contour of the area should 

be involved in the analysis to get more accurate 

results.  
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