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ABSTRACT 

Decisions on flood mitigation measures are made more complex with 

uncertain features of hydrosystem parameters. A decision making framework is 

developed with the PROMETHEE MCDA technique and applied to a central 

basin of Jakarta, Indonesia to analyse potential levee alternatives. Expected loss 

and graduality are formulated as two criteria to reflect the hazard severity with the 

uncertain rainfall, and the construction cost of various alternative levee design 

plans represents the expense of the project. This decision framework using an 

outranking MCDA approach is shown to be able to address uncertainty in rainfall. 

1. INTRODUCTION 

Flooding is a serious natural hazard frequently resulting in loss of life and 

damage to residence and infrastructures worldwide. Flooding not only impacts on 

the productivity of the affected region, but also the cost of rehabilitation and 

reconstruction may adversely impact on the country’s economy. Statistics show 

that in the last 10 years, 2,949 flood events had been recorded with 2.2 billion 

people affected worldwide. The economic loss was some USD 530 billion along 

with 155,026 deaths (EM-DAT: International Disaster Database, 2014). Various 

types of flood mitigation measures, such as levees are implemented to reduce the 

flood risk. One common design approach is to predict the future events and so 

design protection against the future flood hazard. However the inherent uncertain 

behaviour of hydrosystems such as rainfall often complicates design decisions on 

flood mitigation measures. 
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Analysis of rainfall uncertainties as they influenced hydrosystem response 

were reported in the literature. Overeem et al. (2008) analysed the uncertainty in 

rainfall depth-duration-frequency (DDF) curves. Maskey et al. (2004) analysed 

temporal rainfall uncertainty and its propagation into flood forecasting. This was 

further extended to future prediction by analysis of the uncertain behaviour of 

changing climate (Prughmme et al., 2003, Chen et al., 2011).  

Multi-Criteria Decision Analysis (MCDA) is one of the decision making 

techniques available to analyse alternative design solutions based on conflicting 

criteria. As MCDA techniques are applicable to selecting the best solution, they 

can be applied to decision making process on flood mitigation measures to handle 

uncertainty arising in the parameters influencing the hydrosystem and arising 

from inherent natural randomness. Su and Tung, (2014) proposed a quantitative 

risk measure based on the concept of an expected opportunity loss (EOL) and 

applied EOL to assess the relative performance of multiple decision alternatives 

with further extensions to decision making problems involving multiple criteria. 

The impact on design alternatives as arising from the external uncertainty, 

resulting from the lack of perfect understanding of decision environment or 

randomness inherent in a hydrosystem was studied. Lim (2009) evaluated the 

flood damage reduction alternatives with a spatial MCDA technique. Flood depth, 

flood damage, land use disruption, drainage capacity and flood risk zone were 

used as the primary criteria in the analysis. The reported work here analyses the 

effect of uncertain rainfall with its natural variability within a MCDA framework 

on the decision process of flood mitigation via levees. The outranking MCDA 

techniques are used to analyse the criteria to find the best alternative levee. 

2. UNCERTAIN RAINFALL 

Decision making on flood mitigation measures involves significant statistical 

parameters and analysis. The uncertain features of these parameters will affect the 

final decision. Design of flood mitigation measures is based on the hydrological 

responses of design rainfall. Historically the use of design rainfall is accepted and 

practised, though this approach has a number of limitations. Incorporating 

uncertainty in rainfall can provide improvements in flood risk forecasting and 

management with uncertainty arising in the magnitude, temporal distribution, and 

spatial distribution of the rainfall (Maskey et al., 2004; Beven and Hall, 2014). 
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The approach adopted here is to have the uncertain feature of forecasted 

rainfall magnitude reflected via rainfall frequency analysis. The assumption here 

is that the inherent rainfall variability leads to varying confidence interval in the 

fitted probability distributions used for rainfall forecasting.  

3. PROMTHEE 

PROMETHEE is a straightforward outranking MCDA approach as it follows 

a transparent computational procedure to analyse a finite set of alternatives among 

conflicting criteria. Alternatives analysed in decision making process are reflected 

via its own performance values and compared across through preference function. 

The preference function  for criteria  is constructed as a function of 

the difference  between the performance values and of alternatives 

and respectively, i.e. 

                            (1) 

                           (2) 

The shape the of preference function for each criterion  should be defined 

to quantify the degree of performance for the alternatives. A preference index 

(  is defined as the weighted average of the preference function over all 

criteria in the decision process. The positive outranking flow  indicates 

how much alternative  is preferred over the others and this reflects the strength 

of the alternative . Similarly the negative outranking flow  indicates 

how much other alternatives are preferred over , i.e., the weakness of the 

alternative . These are formulated as: 

                         (3) 

 &                 (4) 

where  represents the number of alternatives. 

A complete ranking is obtained based on the net ranking index  to 

evaluate the outranking relation to yield a final decision. Alternatives can be 

ranked according to the  value with the alternative having higher net 

outranking index values being the better alternative. 
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                          (5) 

4. DECISION FRAMEWORK DEVELOPMENT 

The developed framework quantifies the uncertainty from rainfall forecasting 

and makes decisions on flood mitigation measures. The confidence interval in the 

frequency analysis of rainfall is used to represent the uncertainty in the rainfall. 

Frequency analysis for annual maximum daily rainfall data is done with standard 

probability distributions and the uncertainty is assumed to follow a Gaussian 

distribution as shown schematically in Figure 1(a). The uncertainty in the design 

rainfall amount will be reflected as an uncertain discharge in rivers (Figure 1(b)). 

This uncertain feature is then translated into an uncertain amount of overflow 

when the levee is breached for that particular rainfall return period (Figure 1(c)) 

and further will lead to an uncertain damage value for the study area (Figure 1(d)). 

The criteria to be used are annual expected loss, graduality and construction cost 

of the mitigation measure. 

 (a) Uncertainty in the IDF curve - 24h 

 

(b) Uncertainty in the overflow 

 

(c) Uncertainty discharge at the mouth 

 

(d) Uncertainty in loss  

Figure 1 Propagation of uncertainty from rainfall data to annual loss 
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The annual expected loss is the loss value expected in each year calculated 

based on statistics, but with uncertainty in the forecasted loss values. Therefore 

the expected loss  at each return period  is calculated as: 

              (6) 

 expected loss at period  

   loss value from the pdf of uncertain results at return period  

 pdf (unknown) of uncertain loss at return period  

 interval in expected loss in summation over the pdf of uncertain loss at return 

period  

The probability density function  of uncertainty in the loss at each 

return period is unknown. However it is a function of the uncertain rainfall value 

(  rainfall value from the pdf of uncertain results at return period ) where 

the uncertainty in the forecast rainfall is assumed to be normally distributed. 

Therefore the probability of occurrence of an uncertain loss value  can be 

replaced by the probability of occurrence of an uncertain rainfall value . 

Similarly the pdf of the annual expected loss values for a certain flood plain is 

unknown. A similar computational method is thus proposed to compute the annual 

expected loss. 

                (7) 

,  

 annual expected loss 

  interval rainfall value from probability distribution function (pdf) at return 

period  

 pdf of uncertain results due to natural randomness  

  interval in the rainfall summation over the pdf of natural randomness 

The graduality  essentially represents the slope of the typical 

discharge-damage relationship which is not uniform. De Bruijn (2005) defined the 

graduality as ‘an indicator of flood resilience which measured the progressiveness 

or the increase of impact with increasing flood levels’ as based on the percentile 

discharge  and percentile expected loss . In this study the increasing 
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flood is uncertain due to the uncertain rainfall. Thus the term graduality is 

modified to accommodate its uncertain feature as defined below in Eqn 8. 

 

 

  

 

        (8) 

 discharge with larger return period,  

 discharge with ten year return period 
    

    

Note that in this representation higher graduality  is the more preferred 

solution. 

Annual expected loss and the graduality reflect the severity of the hazard and 

the construction cost represents the expenditure of the mitigation project. The 

relationships between rainfall, discharge, overflow and the loss values were 

developed via the case study below to obtain the performance values of criteria.  

5. CASE STUDY 

The decision making framework was applied to a central basin of Jakarta 

which is surrounded by the rivers Ciliwung with its West Banjir Canal (WBC) to 

the east and Cengkareng to the west (Figure 2). The alternative mitigation 

solutions were defined via different level of protections of levee systems along the 

rivers. Specifically the levee options were set to safely convey discharge driven by 

rainfall amount corresponding with a certain return period (RP) of rainfall amount. 

The following were the alternative mitigation measures considered in the decision 

making process. 

- Plan 0 - current level (do nothing) 

- Plan 1 - protect 50yrs RP rainfall (Cengkareng and Ciliwung/WBC) 

- Plan 2 - protect Ciliwung/WBC 50yrs RP rainfall & Cengkareng 100yrs RP 
rainfall 
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- Plan 3 - protect Ciliwung/WBC 100yrs rainfall & Cengkareng 50yrs RP 
rainfall 

- Plan 4 - protect 100yrs RP rainfall (Cengkareng and Ciliwung/WBC) 

- Plan 5 - protect 250yrs RP rainfall (Cengkareng and Ciliwung/WBC 

 

(a) River catchment                      (b) Java Island 

Figure 2: Studied river-basins in Jakarta 

Annual maximum of daily rainfall from gauging stations in Jakarta were 

fitted with Log Pearson type III (LP 3), a standard probability distribution to 

represent the natural randomness in annual maximum of daily rainfall. The annual 

maximum daily rainfall values via the LP 3 fits were point rainfall. However the 

rainfall was not constant spatially or temporally over the catchment. To represent 

the spatial variability, an Area Reduction Factor (ARF) of 0.75 was applied and 

Soil Conservation Service (SCS) Type 1A was used to temporally distribute the 

daily rainfall.  

Hydrology and hydraulic models were exercised with the Hydrologic 

Engineering Centre (HEC) Hydrologic Modelling System (HMS) and River 

Analysis System (RAS) codes. These HEC-HMS and HEC-RAS models were 

earlier calibrated with the Feb 2007 and Jan-Feb 2002 flood events in Jakarta. The 

inundation areas were mapped with Arc-GIS for the loss calculations using a loss 

model developed internally (Lo and Chen, 2013). 
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Figure 3: Daily rainfall vs overflow 

 

Figure 4: Daily rainfall vs loss 

Figure 3 and Figure 4 show the propagated uncertain feature of rainfall to 

loss values. The expected loss values were calculated using equation (6) and (7) 

for all six alternative plans. Similarly the graduality was calculated with Eqn (8) 

by assigning the maximum and minimum values corresponding to 2500years and 

10years of rainfall RPs, respectively. The construction cost for the levees was 

adopted from a study (Figure 5) for Oreans, France (Hyo-Nam Cho et.al, 2007). 

The performance values of alternative plans are given in Table 1.    
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Figure 5: Construction cost of levee for 
unit length 

 

6. RESULTS AND DISCUSSION 

The net outranking values were obtained by applying PROMETHEE, MCDA 

technique with the criteria equally weighted. The criteria expected loss and 

Alternative 
solutions 

Criteria 
Expected 
Loss (106 

USD) 

Gradualit
y 

Construct
ion cost 

(106 USD)

Plan 0 
169.56

4
0.969 0.000

Plan 1 85.362 0.900 9.509

Plan 2 71.836 0.880 13.427

Plan 3 63.941 0.864 42.593

Plan 4 53.385 0.845 46.511

Plan 5 23.299 0.758 92.403

Inflexion 

point 
49.541 0.069 34.118

Table 1: Performance values 
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construction cost of levees were minimized while the criterion graduality was 

maximized. The preference indexes (Table 2) for all the possible pairs were 

calculated based on the Gaussian preference function by defining the inflexion 

point of the curve as the standard deviation of performance values of each 

criterion (Table 1).  

Net outranking values (Table 3) indicate that the alternative plan 1 (protect 

Cengkareng and Ciliwung/WBC for 50yrs RP rainfall discharges) was the best 

plan of the 6 considered. Moving from one plan to the next the loss reduction for 

Ciliwung River is more significant than Cengkareng (Table 1). Adversely the 

construction cost was larger for Ciliwung due to its longer channel even for equal 

level of protection. The rank values were not sensitive within the criteria in that 

expected loss or graduality could be removed without changing the decision. 

Further sensitivity analysis conducted using a range of 0.5–1.5 times the inflexion 

point of the preference function within each criteria had Plan 1 being the best 

solution for more than 76.8% of the time. The selection of the preference function 

and its parameters and the criteria weights which are the key element which is 

essential and be verified with sensitivity analyses in the future. 

Table 2 Preference index and outranking flows    Table 3 Net outranking flows 

Alternatives Plan 0 Plan 1 Plan 2 Plan 3 Plan 4 Plan 5
 

Plan 0 0.000 0.255 0.286 0.299 0.312 0.329 0.296

Plan 1 0.142 0.000 0.012 0.030 0.063 0.181 0.086

Plan 2 0.213 0.017 0.000 0.004 0.022 0.127 0.077

Plan 3 0.408 0.167 0.110 0.000 0.007 0.095 0.158

Plan 4 0.469 0.240 0.165 0.015 0.000 0.056 0.189

Plan 5 0.655 0.609 0.572 0.448 0.379 0.000 0.532

  
0.377 0.258 0.229 0.159 0.157 0.158

7. CONCLUSION 

The research study presented here assists in making decisions on flood 

protection levels under uncertain rainfall. The decisions are made with 

PROMETHEE which is the outranking approach. The propagated uncertainty in 

loss from uncertain rainfall is quantified and accommodated in the decision 

Alternatives 
 

Rank

Plan 0 0.081 3 

Plan 1 0.172 1 

Plan 2 0.152 2 

Plan 3 0.002 4 

Plan 4 -0.032 5 

Plan 5 -0.375 6 
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making framework. Different sources of uncertainties influence a hydrosystem 

and flood mitigation decisions can also be analysed with this framework.   
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