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ECONOMIC AND FINANCIAL ANALYSIS 

A. Economic Analysis 
 

1. Approach and Methodology 
 

a. General 
 

1. The economic analysis assesses the viability of the core subproject (Ciujung) proposed 
for initial implementation. It provides an estimate of the economic internal rate of return (EIRR) 
and sensitivity analysis to assess the impact of adverse changes in key subproject variables. 
Details of the analysis methodology are in the Detailed Economic Analysis.1  
 

b. Benefit Estimates 
 

2. Benefits are expected to derive from multiple sources related to the type and scale of 
interventions implemented. Benefits are both direct and indirect, though not all have been 
quantified. Direct, quantified benefits include the prevention of future flooding of land and the 
protection of (i) assets (e.g., infrastructure, public and private buildings, etc.) located on such 
land; and (ii) productive activity (e.g., agriculture, commerce, etc.) that is currently undertaken 
on such land. Indirect, unquantified benefits include the incremental value of economic activity 
(e.g., industry, agriculture, commerce, etc.) that is expected to take place once protection 
measures are in place. 
 
3. Flood protection. Flood protection benefits are estimated on the basis of flood 
modeling, which provides an estimate of the area flooded in hectares (ha) by the depth of 
flooding in meters (m) and flood duration in days for five flood return periods for a range of land 
use categories, including settlement (buildings), crop agriculture, and fish ponds. The area 
under each land use category is estimated on the basis of geographic information system data. 
For settlements, geographic information system data has been overlaid on village maps to 
estimate the number of buildings according to three types: public, private permanent, and 
private semi-permanent.2 For each flood depth, the number of buildings affected and the level of 
damage incurred has been estimated. Settlement areas also contain a variety of other assets, 
including roads, utilities, and other infrastructure, the number and value of which varies by 
location. In the absence of a detailed inventory, valuation, and historical flood damage 
assessment of such assets, they have not been included in the analysis. As a result, the 
valuation of settlement areas underestimates the actual value, resulting in a more conservative 
EIRR for areas where these assets constitute a significant proportion of total settlement area 
assets. Damage to buildings may continue to occur following project intervention, which is 
based on protection against a 25 year return period flood.3 As such, the benefit stream for 
buildings is based on the net value of damage prevented, which is the value of damage without 
flood protection less the value of damage following flood protection. For areas under crops and 
fish ponds, asset values are based on production foregone as a result of flooding, which is 
estimated from expected production and prevailing output prices. 
 
4. Commercial activity. Flood damage to agriculture, buildings, and infrastructure disrupts 
commercial and social activity. Except in the case of extreme floods or extended periods of 

                                                
1
 Detailed Economic Analysis (accessible from the list of linked documents in Appendix 2). 

2
 The village maps are based on the latest nationwide census undertaken in 2011 by Statistics Indonesia. 

3
 The return period is the time period over which it is likely that a particular magnitude flood will occur. 
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inundation, such disruption tends to be short-lived, especially as commercial activity in particular 
takes place in less flood-prone areas (FPAs). This, and the lack of adequate data on 
commercial activity and the impact of flooding on it in subproject areas, make it extremely 
difficult to estimate benefits of preventing disruption to commercial activity. Therefore, no 
attempt has been made to include benefits from protection of commercial activity. In addition, 
indirect benefits are expected to derive as a result of the increase in economic activity related to 
flood protection benefits. There is expected to be a general increase in investment and 
commercial activity within subproject areas, especially as improved protection resulting from 
project interventions is likely to lead to increasing business confidence. Since it is difficult to 
assess how such indirect benefits will develop, they have not been included in the analysis. The 
omission of these indirect benefits and the development of incremental economic activity 
therefore results in underestimates of subproject benefits and viability. 
 
5. Nonstructural interventions. The project includes several nonstructural interventions 
(enhanced planning for flood risk management, improved land management and upgraded flood 
infrastructure, and enhanced capacity for community-based flood risk management) and 
associated policy, coordination, and project management that will have a significant impact on 
river basin management policy, planning, institutional framework, and practice. The focus on 
community involvement is critical as there is significant potential to learn from communities’ 
informal disaster risk management based on local knowledge and experience of risks, 
vulnerabilities, previous flood events, and coping strategies. The viability of nonstructural 
interventions is difficult to quantify as they involve benefits and costs with nonmarket values. In 
particular, community-based flood risk management measures tend to be low-cost activities with 
high levels of benefit. Complementary nonstructural measures can also significantly enhance 
the viability of structural interventions. The project will support increased community 
involvement of this approach by (i) addressing the current dearth of flood-related data through 
improving flood management knowledge that will provide the necessary information on local 
flood risks, and (ii) engaging local stakeholders through community-based flood risk 
management that will guide the prioritization of flood mitigation measures. The engagement of 
local stakeholders is critical for risk management as well as disaster reduction since many cost-
effective disaster risk reduction measures require affected people to act for themselves, such as 
by obeying early warning advice. 
 
6. Phasing of benefits. All benefits are phased over the life of a subproject in accordance 
with the program of investment. In general, construction of subproject interventions is expected 
to take place over 2 years, with resulting benefits beginning to accrue in the third year. Although 
some benefits will accrue during the construction period, these are considered to be limited in 
nature. It is assumed, therefore, that benefits will not accrue until construction of the intervention 
in question is completed. 
 

c. Cost Estimates 
 

7. Construction costs of subproject works have been estimated on the basis of physical 
quantities of civil works, structures, and the application of standard unit rates. Annual operation 
and maintenance (O&M) costs have been assumed at the rate of 2% of initial construction costs 
to cater for both larger-scale periodic repairs and annual maintenance. Subproject costs also 
include the costs of land acquisition and resettlement (LAR) for people who will be resettled to 
allow subproject interventions to be implemented. Payments for LAR represent an economic 
cost of the project, since there is an opportunity cost associated with using such funds. In 
addition to specific subproject costs, there are a variety of project costs related to improved 
flood management and project management, that will be incurred to ensure the effective 
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implementation and sustainability of subproject investments. These project overhead costs 
generally cannot be assigned to a specific subproject, so they have been allocated on a pro rata 
basis. 
 

2. Ciujung Core Subproject 
 

a. Subproject Description 
 

8. The Ciujung River has its source in the uplands of Lebak District and flows to the sea 
through an extensive lowland area of Serang District where much of the river’s flooding takes 
place. Since 1980, flooding has increased as the condition of existing structures has 
deteriorated. Flooding is also caused by localized drainage issues, such as those related to the 
Jakarta–Merak toll road that crosses the river. The Ciujung subproject is intended to improve 
flood management, in particular where the river flows through urban areas with a history of 
damaging floods. The subproject comprises the construction of 11 kilometers (km) of 
embankments downstream of the Pamarayan weir to just north of the Jakarta–Merak toll road 
where there are currently no embankments or where they are badly deteriorated. The new 
embankments are designed to control floods with a 25-year return period. A spillway and 
retention basin will complement the dikes to store extra flows. These structural measures will 
subsequently be complemented by nonstructural interventions to rehabilitate upper watershed 
areas by promoting participatory soil and forest conservation and land management. This will 
result in lower discharges, reduced erosion, lower sedimentation in the flood plain, and 
increased dry season flows. 
 

b. Benefit Estimates 
 

9. Settlements. The population of the subdistricts covering the FPA in which the Ciujung 
subproject is located is estimated at around 605,000. Of this, around 402,000 (66%) are located 
in subdistricts inside the area of influence of the proposed subproject interventions, and around 
219,000 will benefit directly from the subproject as they are located in the flood-affected area 
with a 25-year return period. Based on flood modeling, around 22,000 buildings in the flood 
prone area are vulnerable to a Q25 return period flood, comprising around 222 public buildings, 
20,855 private permanent buildings, and 1,109 private semi-permanent buildings. The total 
damage that would result from a Q25 return period flood is estimated to be $24.65 million.4 After 
accounting for flood damage that is expected to occur following construction of subproject 
interventions to derive the net benefit of damage prevention (“without subproject damage value” 
minus “with subproject damage value”), and taking account of flood probability, the annualized 
value of damage (i.e., the subproject benefit) for each type of building is $0.097 million for public 
buildings, $5,537 million for private permanent buildings, and $0.181 million for private semi-
permanent buildings. The total annualized value of damage prevented by the subproject is 
$5.815 million. 
 
10. Crop agriculture. According to the flood modeling analysis, 4,133 ha of crop land would 
be affected by a Q25 flood and would be protected by the proposed subproject intervention. 
Data for Serang District, in which the subproject is located, indicate that rice is the dominant 
crop in the area. In 2012, rice cultivation covered around 54,000 ha, while cassava, a second 
key crop, covered 789 ha and maize, a third key crop, covered 465 ha. Rice therefore 

                                                
4
 Building values are generated for each depth range using damage curves. 
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accounted for 97.7% of the total area under the main crops cultivated.5 Based on the estimated 
economic price of rice, the value of subproject area rice production is estimated at Rp75.411 
billion per year. This provides an estimate of the value of rice output that would be protected on 
the assumption that flooding completely destroyed the crop. However, flood damage to paddy 
production is highly dependent on flood duration. Certain flood-tolerant varieties of rice can 
withstand extended periods of inundation. The flood modeling for the Ciujung subproject 
indicates a maximum inundation period of 5 days. Although not all farmers in the area will 
cultivate flood-tolerant varieties, given their unavailability and high cost, the damage to rice 
crops may not be significant, and may be well below the total value of production in the 
subproject area. For this reason, and given the lack of information on varieties grown, the value 
of protection of rice production has been excluded from the subproject benefit stream. This will, 
to the extent that any damage to rice crops occurs, underestimate the subproject EIRR.  
 
11. Fish ponds. An area of 806 ha is estimated to be in use for fish production within the 
subproject Q25 FPA. It is unclear, however, what proportion of this area is used for pond 
fisheries, which have a value per ha of $3,104, and what proportion is used for cage fisheries, 
which have a value per ha of $1,568. For the purposes of the analysis, an average value of 
$2,349 per ha has been used. For the 806 ha in the FPA, this equals a total value of Rp24.672 
billion and an annualized value of Rp4.915 billion. 
 
12. Other direct benefits. The flood modeling indicates that other land use categories that 
would be affected by a Q25 flood, i.e., plantations (34 ha), grassland (32 ha), and scrubland 
and/or bushland (63 ha), constitute only 0.6%–1.2% of the total area that would be inundated in 
a Q25 flood. The type, age, structure, and productivity of plantations in the FPA have not been 
surveyed, so it is difficult to assign a value per ha. The value per ha of scrubland and/or 
bushland is based on its being a source of building material for temporary, low-cost housing, but 
it is difficult to assign a value as standard cost is not available. Given the very low proportion of 
the FPA comprising plantations, grassland, and scrubland and/or bushland and the difficulty of 
valuing the economic value of this land, it has not been included in the economic analysis, 
which marginally underestimates the actual viability of the subproject investment. 
 
13. Other potential impacts. The 11 km of embankments to be constructed under the 
Ciujung subproject will run from the Pamarayan weir to just south of the Jakarta–Merak toll 
road. During flood events less intense than the Q25 return period floods for which the 
embankments are designed, there will be increased flow through the river channel. This could 
adversely affect areas downstream of the embankments by increasing flooding above the level 
that would occur if the embankments were not in place. This possibility has already taken into 
consideration in the flood modeling. The core subproject already includes the construction of 
spillways and retention basins to absorb any extra flow and to prevent additional spillage 
downstream. The Jakarta–Merak toll road is a major item of infrastructure located within the 
Ciujung FPA. The road, which is a major transport artery from Jakarta to Sumatra through 
Merak port, is subject to flooding almost annually, though for limited periods, resulting in 
significant traffic disruption. The Ciujung subproject intervention will not increase the incidence 
of flooding or disruption of traffic on the road. 
 
14. Flood protection will reduce local communities’ vulnerability and increase confidence, 
prompting an increase in investment. Farmers are likely to adopt more intensive cultivation 

                                                
5
  The dominance of rice in the cropping pattern is confirmed by figures for Banten Province as a whole, where it 

accounts for 93% of the area under crops. Statistics Indonesia, Indonesia. Serang District in Figures, 2012.  
http://serangkab.bps.go.id/webbeta/websiteV2/pdf_publikasi/Statistik-Kabupaten-Serang-2013.pdf 
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practices using improved varieties and more effective application of inputs, leading to increased 
output. This will encourage investment in agribusinesses engaged in input supply and output 
processing and marketing. Increased incomes of farm households, which are predominant in 
the FPA, will also lead to investment in other business opportunities and in the provision of 
related services. Economic and social infrastructure investments are also likely to follow. Flood 
protection may also lead to increased urbanization and the conversion of agricultural land to 
residential and commercial use. The resulting increase in land values will enhance the long-term 
benefits of flood protection, although it might also reduce agricultural output and food security 
and incomes of local communities. Increased urbanization may have additional negative 
impacts, including watershed degradation due to increased waste load emission and 
deteriorating water quality, reduced infiltration to groundwater, and increased subsidence. 
Nonstructural project interventions will, to varying degrees, mitigate such impacts. 
 

c. Cost Estimates 
 

15. Ciujung subproject direct costs comprise civil works for structures (i.e., 11 km of 
embankments, bridges, gates, and spillways) and LAR costs. Economic costs, estimated by 
deducting taxes from financial costs, amount to Rp258.296 billion for civil works and Rp142.833 
billion for LAR. Civil works are expected to be completed over a 3-year period, phased 25% in 
year 1, 40% in year 2, and 35% in year 3. LAR costs are expected to be phased equally over 
years 1 and 2. Annual O&M costs have been estimated at the rate of 2% for each category of 
civil works and are assumed to lag construction costs by 1 year, i.e., commencing in year 2. 
Total O&M costs amount to Rp5.166 billion. A proportion of the estimated annual costs for 
project management during implementation has been allocated to the Ciujung subproject’s 
overall cost.6 This amounts to 27.9%, and equals an annual cost of Rp1.318 billion. 
 

d. Economic Analysis and Sensitivity Analysis 
 

16. The estimated total annual economic benefit of flood protection under the Ciujung 
subproject amounts to Rp81.12 billion, with the protection of buildings accounting for Rp76.20 
billion or 93.9% of the total and the protection of fish ponds accounting for Rp4.92 billion or 
equivalent to 6.1%. The EIRR of the subproject is estimated at 15.1%, higher than the assumed 
cut-off rate for economic viability of 12.0%. The EIRR of the subproject alone, without allocation 
of project management costs, is 15.3%. 
 
17. Sensitivity analysis indicates that the economic viability of the subproject is robust with 
respect to adverse movements in the value of key variables. A summary of the analysis is in 
Table 1.  
 

Table 1: Results of Economic and Sensitivity Analyses for the Ciujung Subproject 
 

Item  

Economic 
Internal Rate 
of Return (%) Variable 

Switching 
Value (%) 

  Base case (30-year project life) 15.1 Benefits 

   Buildings  

Asset Values (20% Reduction)    Public 1,264 

 Buildings 12.2  Permanent 22 

    Semi-permanent 671 

                                                
6
  On the basis of the percentage of total project civil works costs that is accounted for by civil works on the Ciujung 

subproject. 
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Item  

Economic 
Internal Rate 
of Return (%)  

 
 
Variable 

 
Switching 
Value (%) 

 Fish ponds 14.9  Total (all buildings) 21 

 Total (all values) 12.0 
 

 

   Fish Ponds 325 

Building Protection Only 14.2   

    Costs  

Delay in Construction by 1 Year 14.1  Construction 44 

   Operation and maintenance 277 

  Other subproject costs 73 

 Total (direct subproject costs) 25 

  Project management costs 1,424 
Source: Asian Development Bank estimates. 
 

18. Switching values indicate that subproject viability is robust with respect to benefit and 
cost streams. The switching value for private permanent buildings is 22% and 21% for all 
buildings, indicating that the value of all buildings could fall to 83% of the estimated value before 
the EIRR fell to the 12% cut-off rate. On the cost side, construction costs would have to rise by 
44% before the EIRR fell to 12%. Such variations in benefit and cost estimates, or a reduction in 
building values and an increase in construction costs, are not considered plausible. In addition 
to the estimation of switching values, a variety of scenarios have been considered in the 
sensitivity analysis: 

(i) A 20% reduction in the estimate of building values would reduce the EIRR to 
12.2%, indicating that the subproject would be marginally economically 
nonviable. A 20% reduction in both building and fish pond values would reduce 
the EIRR to 11.4%. Such reductions are unlikely on the basis of value estimates 
used in the analysis. 

(ii) If there were no benefits from the protection of fish ponds, the EIRR would be 
14.2%. This indicates that the subproject would be viable if flooding did not in fact 
damage fish ponds to the extent assumed in the analysis. This results from the 
predominance of the protection of buildings in the benefit stream. 

(iii) A delay in construction of subproject structures has only a limited impact on 
subproject viability. Assuming that (a) LAR costs are still incurred in the first 2 
years but that construction does not start until the third year (with the same 
annual phasing), and (b) benefits begin to accrue in the year after construction is 
completed, the EIRR is only reduced to 14.1%. 

19. Overall, the sensitivity analysis suggests that the viability of the Ciujung subproject is 
robust. Only a relatively large reduction in the estimated benefits accruing from the protection of 
buildings, which is the principal source of benefits, would adversely affect subproject viability. 

B. Financial Analysis 
 

1. Fiscal Affordability and Sustainability 
 

20. Sustainability of all subprojects proposed by the Directorate General of Water Resources 
(DGWR) is dependent on effective O&M of the infrastructure. Since the subprojects are located 
in river basin territories (RBTs) that are under central government authority, the responsibility of 
operating and maintaining the infrastructure lies with the Balai Besar Wilayah Sungai (BBWS) 
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Cidanau-Ciujung-Cidurian (3 Cis), and the Balai Wilayah Sungai (BWS) Maluku as 
implementing units under the DGWR.7 Fiscal affordability is assessed by comparing annual (i) 
capital expenditures, and (ii) recurrent costs for 2011 to 2015 for O&M for the executing and 
implementing agencies. It is assumed that the trend will continue during the operational life of 
the project facilities. Annual O&M costs are estimated following relevant domestic standards 
and regulations. 
 
21. To ensure adequate O&M of the investment during 2017–2044 in both the 3 Cis and 
Ambon Seram RBTs, the BBWS 3 Cis will need to allocate an estimated annual budget of 
Rp13.34 billion (in 2015 constant prices), and the BWS Maluku an estimated annual budget of 
Rp6.24 billion for O&M of the infrastructure (dikes, bridges, gates, and spillways) to be financed 
by the project.8 
 
22. For the core subproject, estimated O&M costs for 2018–2022 are shown in Table 2. 
 

Table 2: Estimated Operation and Maintenance Costs for the Ciujung Core Subproject, 
2018–2022 

(Rp million) 

 2018 2019 2020 2021 2022 

Operation and Maintenance Costs 1,291 3,358 5,166 5,166 5,166 

Source: Asian Development Bank estimates. 

23. During 2011–2015, the DGWR has steadily increased the budget allocated for O&M at 
an average of 8% of its overall investment, with an O&M budget allocation in 2015 that is 2.07 
times larger than the budget allocated in 2011 (Table 3). 

Table 3: Directorate General of Water Resources Budget Allocation, 2011–2015 

(Rp million) 

 2011 2012 2013 2014 2015 

Total Budget  12,647,962 16,280,471 19,066,334 21,413,690 30,562,502 

O&M Budget 1,089,772 1,347,751 1,507,289 2,142,942 2,257,957 

Percentage of O&M budget 8.62 8.28 7.91 10.01 7.39 

O&M = operation and maintenance. 
Source: Ministry of Public Works and Housing. 2015. 

 

24. Similar O&M budget increments during the same period were also provided for BBWS 
C3 and BWS Maluku. In 2015, BBWS 3 Cis is managing an O&M budget 2.42 times larger than 
in 2011, while BWS Maluku is managing an allocation of 1.91 times larger (Table 4). 

 

 

                                                
7
 The Balai Besar Wilayah Sungai (BBWS) Cidanau-Ciujung-Cidurian (3 Cis), and the Balai Wilayah Sungai (BWS) 

Maluku are the river basin organizations in responsible for the management of the 3 Cis and Ambn Seram river 
basin territories.  

8
  2% of the total construction cost. 
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Table 4: Balai Besar Wilayah Sungai Cidanau-Ciujung-Cidurian and Balai Wilayah Sungai 
Maluku Budget Allocation, 2011–2015 

(Rp million) 

 2011 2012 2013 2014 2015 

BBWS 3 Cis      

Total budget  208,117 255,784 516,960 430,660 490,389 

O&M budget 8,511 4,003 20,761 18,500 20,597 

O&M budget as a percentage 
of total budget 

4.09 1.57 4.02 4.30 4.20 

BWS Maluku      

Total budget  237,040 240,905 371,286 546,101 623,045 

O&M budget 15,036 6,308 9,968 18,056 28,674 

O&M budget as a percentage 
of total budget  

6.34 2.62 2.68 3.31 4.60 

3 Cis = Cidanau-Ciujung-Cidurian, BBWS = Balai Besar Wilayah Sungai, BWS = Balai Wilayah Sungai, O&M = 
operation and maintenance. 
Source: Ministry of Public Works and Housing. 2015. 
 
25. The 2011–2015 trend indicates that (i) the DGWR will be able to allocate annual budget 
for infrastructure investment and O&M, (ii) the DGWR is committed to maintaining its O&M 
budget in line with infrastructure investment, and (iii) the proposed 2.0% of O&M budget 
allocation for infrastructure to be financed under the project is lower than the current percentage 
of the total budget allocated by the executing and implementing agencies.  

26. The budget allocation for O&M for 2015–2019 is presented in Table 5. 

Table 5: Balai Besar Wilayah Sungai Cidanau-Ciujung-Cidurian and Balai Wilayah Sungai 
Maluku Budget Allocation, 2015–2019 

(Rp million) 

  

2016 2017 2018 2019 

Flood Management 
Investment 

BBWS 3 Cis 85,700  50,642  15,400  12,000  

BWS Maluku 345,000  300,000  232,500  183,500  

Total DGWR 7,933,178  8,501,733  8,253,463  9,168,345  

Flood Management 
O&M Budget 

BBWS 3 Cis 7,400  7,700  7,700  8,300  

BWS Maluku 1,750  1,400  1,400  1,400  

Total DGWR 3,835,000  4,551,288  5,347,825  6,155,342  
3 Cis = Cidanau-Ciujung-Cidurian, BBWS = Balai Besar Wilayah Sungai, BWS = Balai Wilayah Sungai, DGWR = 
Directorate General of Water Resources, O&M = operation and maintenance. 
Source: Ministry of Public Works and Housing. 2015 

27. The required O&M budget level is assessed as highly affordable for the DGWR, BBWS, 
and BWS Maluku. It is proposed that the project loan agreement include (i) a covenant to bind 
the DGWR to allocate a budget for O&M of the newly constructed infrastructure, and (ii) a 
covenant to ensure both BBWS and BWS Maluku receive adequate allocations for the O&M 
work under their responsibility. 


