
International Journal of Disaster Risk Reduction 64 (2021) 102498

Available online 28 July 2021
2212-4209/© 2021 Elsevier Ltd. All rights reserved.

Fuzzy based multi-criteria M&E of the integrated flood risk management 
performance using priority ranking methodology: A case study in Metro 
Manila, Philippines 

Jean Margaret R. Mercado a,b,*, Akira Kawamura a, Hideo Amaguchi a, Christabel Jane P. Rubio b 

a Department of Civil and Environmental Engineering, Tokyo Metropolitan University, 1-1 Minami-Osawa, Hachioji, Tokyo, 192-0397, Japan 
b Department of Civil Engineering, University of Santo Tomas, España Boulevard, Sampaloc, Manila, 1015, Philippines   

A R T I C L E  I N F O   

Keywords: 
Integrated flood risk management 
Monitoring & evaluation 
Fuzzy 
Priority ranking methodology 
Metro manila 

A B S T R A C T   

This study proposes an approach in conducting an overall performance evaluation of the integrated flood risk 
management (IFRM). The proposed approach is a monitoring & evaluation (M&E) framework for IFRM suitable 
in data-poor areas. The proposed framework has two main tasks: 1) to monitor the measures of the four IFRM 
strategies (prevention, preparedness, response, and recovery/rehabilitation) by asking experts for qualitative 
appraisals and 2) to evaluate the monitored measures using fuzzy based multi-criteria evaluation based on 
priority ranking methodology (FME-PRM). The M&E framework is applied for Metro Manila, Philippines, as a 
case study, where it enabled the quantification of qualitative data and provided a systematic solution for the 
weight assignment on the IFRM strategies and measures in Metro Manila. The results successfully show the IFRM 
performance level at the 13 cities and Metro Manila as a region. The results reveal that Metro Manila is at the 
“Good” performance level, which indicates that IFRM implementation had already progressed, but the 
achievements are not yet substantial.   

1. Introduction 

According to a recent report [1], about 47% of the world’s natural 
disasters from 1995 to 2015 are due to flooding. Flood disasters are 
expected to increase and intensify in the future due to climate change [2, 
3] and non-climatic changes such as alteration of the land, river, etc. [4, 
5]. Thus, many countries shifted to the integrated flood risk manage-
ment (IFRM) approach from the traditional flood management approach 
using structural measures (e.g., dams, levees, and floodwalls) because 
these measures failed to cope with residual risks from extreme weather 
events [6]. The IFRM includes non-structural measures (e.g., land use 
regulations; flood forecasting and warning; floodproofing) to comple-
ment structural measures proactively [6,7]. Moreover, IFRM considers 
all disaster risk reduction management (DRRM) cycle (prevention, 
preparedness, response, and recovery/rehabilitation) [8–10], and it 
necessitates multiple actors’ involvement across various sectors and 
levels in policymaking and practice [11]. 

The plans for IFRM vary with each country to permit the tailoring of 

responses to local flood risk situations (including flooding type, severity, 
and extent) and to recognize political priorities and legal requirements 
[12,13]. Consequently, adapting to IFRM can be diverse but the outcome 
from this is universal, i.e., to reduce flood risks [13]. Fully implemented 
IFRM plans have not yet been achieved in most countries because the 
implementation is still in its infancy [9], and several recognized barriers 
hinder the adaptation to IFRM [6,7,14]. Nevertheless, outstanding 
achievements have already been attained for IFRM implementation, 
particularly on flood risk assessments, inundation analysis, flood fore-
casting and warning, etc., which are part of IFRM’s preparedness 
strategy [13,15,16]. For example, Lyu et al. [17–20] have conducted 
inundation analysis in the metro systems in urban megacities using GIS 
coupled with multi-criteria decision-making methods (MCDM) tech-
nique, and the current authors have also conducted GIS-based inunda-
tion analysis with Tokyo as the target area [21,22]. Aside from flood risk 
assessments and inundation analysis, assessments on stakeholder’s 
perception [23], collaborative planning and public participation 
[24–26], flood resilience [27], and governance, legal and policy analysis 
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[5,12,28] towards IFRM implementation are also widely explored 
research that supports adaptation and sustainable flood risk manage-
ment. Despite this extensive research, the overall performance evalua-
tion of IFRM implementation has not yet been conducted, as far as the 
authors know. 

Monitoring & evaluation (M&E) is a suitable method to assess and 
review the implementation performance, progress, and impact of 
developmental plans, projects, or programs [29]. However, M&E for 
IFRM typically revolves around the prevention and preparedness stra-
tegies of the DRRM cycle which are specific only to detailed risk as-
sessments and inundation analysis as mentioned above. There is still a 
gap in research that evaluates the overall performance of IFRM that 
considers all four DDRM cycle strategies since M&Es that include 
response and recovery/rehabilitation strategies are rare. Therefore, this 
study attempts to present an M&E framework for IFRM that incorporates 
all four DRRM cycle strategies instead of limiting the assessment to only 
one DRRM strategy. The proposed M&E framework utilizes qualitative 
appraisals, and these are evaluated using fuzzy based multi-criteria 
evaluation based on priority ranking methodology (FME-PRM). This 
framework is simple, systematic, and suitable to data-poor areas such as 
developing countries, so we applied it in Metro Manila, Philippines as a 
case study. Metro Manila is considered the most at risk to climate im-
pacts mainly due to its exposure to tropical cyclones among the mega-
cities in Asia [30]. In fact, a supertyphoon struck Metro Manila in 2009, 
which led to disastrous flooding and the formulation of an IFRM Mas-
terplan for this megacity. Its IFRM Masterplan includes prevention, 
preparedness, response, recovery/rehabilitation strategies, and several 
specific measures within these strategies, but their implementation has 
not yet been assessed due to the lack of M&E activity. 

There are two mains tasks in the proposed M&E framework for IFRM: 
1) monitoring and 2) evaluation. For the monitoring, indicators are 
necessary, which are ideally measurable and quantifiable. However, 
data for such indicators are often unavailable in developing countries 
because they inherently lack data and technological capabilities [14]. In 
fact, there are no prescribed measurable indicators in the IFRM for 
Metro Manila. To cope with this, an M&E framework for IFRM suitable 
for data-poor areas is proposed in this study, in which data are quali-
tative appraisals. For this study, the criteria for monitoring are the four 
strategies of the IFRM, while the sub-criteria are the specific measures in 
every four strategies. To obtain the data for the specific measures in this 
study, we conducted interviews and surveys with the practitioners from 
each city in Metro Manila. We asked them to qualitatively appraise each 
measure based on their subjective evaluation to capture the IFRM 
implementation since its inception in 2012. The interview and survey 
with the practitioners is a laborious and time-consuming process in a 
developing country, because a special endorsement or connection with 
the government offices is needed for them to cooperate willingly, and 
the selection of the respondents with overarching knowledge on the 
IFRM Masterplan is also challenging. For the evaluation, FME-PRM is 
employed to aggregate the qualitative appraisals for each measure to 
evaluate the overall IFRM performance. 

Fuzzy set theory using fuzzy numbers is a suitable method for this 
study because the IFRM measures’ data are qualitative appraisals. This 
method enables the quantification of such qualitative information 
through a membership function that cannot be arbitrarily represented 
with two-valued logic (true or false), probabilistic, or probability values 
[31,32]. These membership functions can then be evaluated using fuzzy 
logic or fuzzy operations. Fuzzy set theory has been extensively applied 
to MCDM problems related to science, management and business, en-
gineering, and technology that required qualitative judgments or pref-
erences from the users [33,34]. For DRRM-related problems, fuzzy sets 
have been applied for risk assessments and evaluations [35,36], selec-
tion of risk management strategies [37], and decision support frame-
works [38]. On the other hand, the priority ranking methodology (PRM) 
by the current authors’ previous work [39,40] is used to decide the 
ranking of the strategies and measures to determine their weights. In this 

study, we coupled PRM with fuzzy set theory, which results in the 
proposed approach we call FME-PRM. The FME-PRM provides a sys-
tematic solution in the weight assignment of M&E IFRM strategies and 
measures. The weights are based on the ranking according to priority 
activities where pre-disaster activities are more critical than during and 
after disaster activities; thus, pre-disaster activities have higher priority 
rankings. The FME-PRM has not yet been applied to any M&E frame-
works for DRRM or IFRM, as far as the authors know. 

The specific objectives of this study are 1) to propose an M&E 
framework for IFRM, 2) to apply the FME-PRM as the evaluation method 
for M&E for the first time, and 3) to determine the IFRM performance of 
Metro Manila and its cities. The following sections introduce Metro 
Manila and its IFRM; elaborate and demonstrate the proposed M&E 
framework; analyze and discuss the IFRM performance of Metro Manila 
and its cities; present the conclusions. 

2. Study area and its IFRM 

Metro Manila is the Philippines’ capital region, as it is the center of 
economic, political, and educational activities in the country. This re-
gion encompasses 619.57 km2, located on an isthmus between Manila 
Bay and Laguna Lake, and it is composed of 16 cities and 1 municipality, 
as shown in Fig. 1. Flooding is a perennial problem in Metro Manila as it 
is situated in one of the country’s widest floodplains. Flood occurrences 
are intense and frequent during the typhoon season (from June to 
October), when the Philippines typically receives 80% of its annual 
rainfall. There are about three to four incidences of significant flooding 
in Metro Manila annually, and these are usually caused by typhoons, 
monsoon rains, and even torrential rains [41]. 

In the last two decades, the worst flooding in Metro Manila was 
brought by Typhoon Ondoy (internationally known as Typhoon Ket-
sana) in September 2009. This typhoon poured about 450 mm of rainfall 
in just 12 h, which was equivalent to almost one-fourth of Metro Ma-
nila’s annual rainfall. This unexpected massive downpour inundated 
more the one-third of Metro Manila, in which the flood depths were 
nearly 7 m in some parts. Consequently, this led to an imminent disaster 
that had affected 4,901,234 people with 464 fatalities, 529 injuries, and 
37 missings, and this resulted in damages amounting to almost Php 4.2 
Billion (PHP 1: USD 0.0216 in 2009) [42]. The estimated direct damages 
and the percentage inundated area for 13 selected cities are shown in 
Table 1. Thus, this disaster catalyzed the inception of the IFRM Mas-
terplan for Metro Manila to manage the flooding in the region 
proactively. 

The IFRM Masterplan for Metro Manila was formulated by the 
Department of Public Works and Highways (DPWH) in 2012, and it is 
based on the DRRM cycle that has four main strategies: prevention, 
preparedness, response, and recovery/rehabilitation [45]. For each 
strategy, several proposed measures aim 1) to reduce risk by proposing 
systems to resist, absorb, accommodate floodwaters for prevention 2) to 
build the capacities of the communities to anticipate, cope and recover 
from flooding for preparedness, 3) to provide life preservation on the 
event of the flood disaster for the response, and 4) to suggest strategies 
to recover from and improve well-being in the face of flood disasters for 
recovery/rehabilitation. The specific measures in Table 2 are not new, 
but they are specifically proposed by DPWH to fit the contextual needs in 
Metro Manila. 

Despite the inception of the IFRM Masterplan for Metro Manila, 
flooding has been perennially persistent, in which two monsoon rains in 
2012 and 2016 were as damaging as Typhoon Ondoy. There is also no 
information on the IFRM implementation status, and it is uncertain if the 
measures are being adopted accordingly. The lack of M&E activities for 
IFRM is attributed to the lack of agency-in-charge of its regional 
implementation [14]. Thus, there are no quantifiable indicators and 
baseline information for M&E and flood management in Metro Manila, 
except the authors’ study on the gap analysis in flood DRRM during 
Typhoon Ondoy [39,40]. Therefore, it is timely to evaluate the 
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implementation of the IFRM by determining the performance levels of 
Metro Manila and its cities. 

3. Methodology 

The flowchart of the proposed M&E framework for IFRM is shown in 
Fig. 2, and the elaboration of this is presented in the succeeding sub- 
sections. 

3.1. Monitoring scheme for the IFRM 

There are no specified indicators for the M&E of the IFRM in Metro 
Manila, so we utilized the 15 specific measures in Table 2 as sub-criteria 
in monitoring the progress for IFRM performance in this region as a first 
attempt. These specific measures are proposed by DPWH in the IFRM 
Masterplan, which fit the contextual needs of Metro Manila. There are a 

Fig. 1. Location map of Metro Manila, Philipplines.  

Table 1 
Profile of the 13 surveyed cities in Metro Manila.  

m Municipality Area (km2) Population as of 2015 Censusa 2018 Revenueb (103 USDc) Damage from Typhoon Ondoyd 

Inundated area (%) Direct Damage (106 USDe) 

1 Caloocan City 53.33 1,583,978 108,457 21.3 98 
2 Las Piñas City 32.02 588,894 56,804 33.6 29 
3 Malabon City 15.96 365,525 32,539 86.3 62 
4 Marikina City 22.64 450,741 108,314 73.8 80 
5 Muntinlupa City 41.67 504,509 126,593 6.0 13 
6 Navotas City 11.51 249,463 128,315 44.6 14 
7 Parañaque City 47.28 665,822 127,212 35.9 45 
8 Pasig City 31.46 755,300 652,101 78.1 94 
9 Pateros City 1.76 63,840 4465 54.0 17 
10 Quezon City 165.33 2,936,116 1,312,683 20.6 158 
11 San Juan City 5.87 122,180 58,572 37.1 13 
12 Taguig City 45.18 804,915 227,507 38.1 55 
13 Valenzuela City 45.75 620,422 91,248 47.5 46  

a [43]. 
b [44]. 
c PHP 1: USD 0.0191 in 2018. 
d [45]. 
e PHP 1: USD 0.0216 in 2009. 

Table 2 
Strategies and measures in the IFRM Masterplan for Metro Manila [45].  

Prevention  • Structural flood mitigation measures  
• Urban Drainage Facilities  
• Land use management and resettlement  
• Watershed conservation management 

Preparedness  • Flood information and warning system (FIWS)  
• Evacuation system  
• Community-based flood risk management  
• Two-way communication mechanism  
• Information, education, and communication program  
• Vulnerability Assessment  
• Management Information System 

Response  • Rescue operation  
• Relief activities  
• Evacuation Response 

Recover/ 
Rehabilitation  

• Rehabilitate affected houses, infrastructure, and 
damaged land  
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total of 15 measures in the IFRM for Metro Manila, in which four, seven, 
three, and one measure are under the prevention, preparedness, 
response, and recovery/rehabilitation strategies, respectively, as shown 
in Table 2. 

The 15 measures are to be appraised subjectively by practitioners of 
the implementing local government units (LGUs) in Metro Manila. To 
collect the appraisals for each measure, the authors organized a team of 
researchers to conduct interviews and surveys at each city in Metro 
Manila from December 2019 to February 2020. The target respondents 
were the LGUs in Metro Manila, particularly the practitioners or the 
officers-in-charge of the: City Disaster Risk Reduction Management Of-
fice, Engineering Office, and City Environment and Natural Resources 
Office. These practitioners are chosen specifically because their offices 
are mandated to be in charge of the DRRM activities for their respective 
LGU. Out of the 17 cities in Metro Manila, the 13 cities shaded in Fig. 1 
have completed the interviews and surveys during the mentioned time 
frame of investigation. 

During the interviews and surveys, the practitioners were asked to 
appraise only each measure according to their degree of implementation 
to reflect their respective city’s current performance for IFRM. We uti-
lized six linguistic terms or performance appraisals to describe the IFRM 
performance, as shown in Table 3, and the practitioners were requested 
to select only one out of the six linguistic performance appraisals. In 
contrast to studies that utilized five linguistic terms to rate items, e.g., 
groundwater sustainability assessment [46] and fuzzy analysis [47,48], 
we have added one more linguistic term (Bad) to denote “almost no 
improvement”, which was not considered in the previous studies. Aside 
from this, we explicitly described the six linguistic terms in Table 3, 
which aim to help practitioners select the most appropriate appraisal for 
each IFRM measure since the linguistic terms alone can be arbitrary. 
These descriptions were formulated after numerous consultations with 
experts from DPWH. So, the descriptions are intended to capture the 
degree of implementation of the IFRM compared to when there was no 
IFRM Masterplan for Metro Manila. For example, “Bad” denotes almost 
no improvement since the IFRM’s inception; “Poor” denotes as having 

minor improvement but with few signs of forwarding action in plans or 
policy; and so on. In addition to the appraisals, we asked the practi-
tioners additional queries that served as evidence of the measures’ 
actual implementation. 

3.2. Fuzzy based multi-criteria evaluation based on the priority ranking 
methodology (FME-PRM) 

Decision-makers often encounter multiple objectives and conflicting 
requirements when solving a problem. Similarly, the M&E of the IFRM 
has multiple conflicting strategies and specific measures (IFRM strate-
gies and measures) with the ultimate goal of evaluating the IFRM per-
formance in Metro Manila, as illustrated in Fig. 3. 

The proposed FME-PRM method may provide transparent and 
reasonable means to aggregate the monitored measures, especially when 
the data is qualitative or preferential information. Zadeh [31] developed 
the fuzzy set theory to describe modes of reasoning as approximate 
rather than exact. This method is effective for decision-making problems 
where available data is imprecise because such data can be represented 
using a linguistic variable. The values of these linguistic variables can be 
generated from a possibility distribution through the use of attributed 
grammar techniques [38], i.e., the use of “Bad”, “Poor”, “Fair”, “Good”, 
“Very Good”, and “Excellent” to describe the IFRM performance. 

This study utilized a fuzzy set with a triangular membership function 
to quantify the linguistic terms and the strategies and measures’ weight. 
The triangular membership function is defined as follows [49]: 

Definition 1. A fuzzy set A in a universe of discourse X is characterized 
by a membership function μA(x) that assigns each element in x in X real 
number in the interval [0, 1]. The numerical value of μA(x) stands for a 
grade membership function of x in A. 

Definition 2. The fuzzy elements of A having a triangular membership 
function is parameterized by a triplet (ɑ, b, c) as follows: 

μA(x)=

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(x − a)
(b − a)

, a ≤ x ≤ b

c − x
(c − b)

, b ≤ x ≤ c

0, otherwise

(1)   

Definition 3. For triangular fuzzy numbers, the fuzzy addition oper-
ations and fuzzy multiplication operations are expressed as follows [40, 
49]: 

Addition : A⊕B = (a1, b1, c1) ⊕ (a2, b2, c2) = (a1 + a2, b1 + b2, c1 + c2) (2)  

Multiplication : A⊗B = (a1, b1, c1) ⊗ (a2, b2, c2)

= (a1 × a2, b1 × b2, c1 × c2) (3)  

The operators ⊕ and ⊗ denotes fuzzy addition and fuzzy 

Fig. 2. Flow chart of the M&E activity for the IFRM.  

Table 3 
Linguistic performance appraisals of the current flood management with the 
IFRM compared to when there was no IFRM.  

Linguistic Performance 
Appraisal 

Description 

Bad (B) Almost no improvement 
Poor (P) Minor improvement with few signs of forwarding action 

in plans or policy 
Fair (F) Some progress, but without systematic policy and/or 

local government commitment 
Good (G) Institutional commitment attained, but achievements are 

neither excellent nor substantial 
Very Good (VG) Substantial achievement but with recognized limitations 

in capabilities and resources (human or financial) 
Excellent (E) Excellent achievement with sustained commitment in 

capacities at the local government level  
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multiplication operations. Triangular fuzzy numbers can also be 
expressed to a singular value or crisp number, ɤ, as follows [49]:  

ɤ = (a_2b+c)/4                                                                               (4) 

There are three stages in the FME-PRM for the IFRM performance. 
The first stage is to assign fuzzy weights to the four strategies and 15 
measures of the IFRM by ranking them using PRM. The conventional 
way of determining the weights is by asking the experts, but this is a very 
tedious task due to: (i) finding the appropriate experts, (2) waiting for 
them to make large series of comparisons, and (3) repeatedly asking the 
experts until acceptably consistent weights are obtained [46]. For 
developing countries like the Philippines, this task is too challenging 
without any financial support. To cope with this, we adopted a sys-
tematic approach for the strategies and measures’ triangular fuzzy 

weights using FME-PRM instead of involving the experts in the weight 
assignment. Priority ranking of the strategies and measures was not 
considered when the IFRM Masterplan for Metro Manila was formulated 
by the DPWH in 2012, even though this was crucial in prioritizing ac-
tivities to prevent and reduce flood risks. Thus, this study attempts to 
decide the priority ranking of the strategies and measures for the IFRM. 

The rank, r, is a positive value from 1 to nR, where nR is the number of 
the strategies or measures within the strategy. In this case, r = 1 has the 
highest relative importance, while r = nR has the lowest. The ranking of 
the strategies and measures is decided based on relative importance. In 
our previous study on the gap analysis of the flood DRRM [39,40], the 
relative importance was determined based on 1) order of need prior to a 
disaster and 2) prerequisite activities, i.e., when a measure is a prereq-
uisite activity of succeeding measure. Based on these criteria, we can 
also decide the priority ranking for the IFRM strategies and measures, as 

Fig. 3. Performance hierarchy of the IFRM for Metro Manila.  

Fig. 4. Ranking of the strategies and measures of the IFRM for Metro Manila.  
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shown in Fig. 4. 
Then, rank r is used to determine the fuzzy weights of the strategies 

Wi (i = 1,2,3,4) and the fuzzy weight of the measure Wij of the jth 
measure (j = 1,2,3,4 if i = 1; j = 1,2, …7 if i = 2; j = 1,2,3 if i = 3, and j =
1 if i = 4) by the equation below: 

Wi,Wij =(a, b, c)=
(

2(nR − r)
nR(nR + 1)

,
2(nR + 1 − r)

nR(nR + 1)
,
2(nR + 2 − r)

nR(nR + 1)

)

(5) 

This equation is based on our previous study [39,40], in which fuzzy 
weights have values equally divided by the number of the attribute 
(strategies and measures) from 0 to 1. In Eq. (5), the weight is further 
divided by nR/2 to provide more reasonable and standardized fuzzy 
weights independent of the attribute’s number because our previous 
approach is not standardized, i.e., the fuzzy number b is not equivalent 
to 1 when summed. Figs. 5 and 6 show the triangular membership 
function of the fuzzy weights Wi and Wij, respectively, derived from Eq. 
(5). Then, the equivalent fuzzy. 

weight for each measure Weq,ij is then calculated using the following 
equation: 

Weq,ij =Wi ⊗ Wij (6) 

The second stage is the calculation of the fuzzy weighted perfor-
mance appraisal WPm,ij for city m. Firstly, the six linguistic performance 
appraisals Pm,ij are given triangular membership functions. As a first 
attempt to conduct M&E for IFRM in Metro Manila, we made the 
triangular membership functions uniform in Fig. 7. These triangular 
membership functions were explained to the practitioners before con-
ducting the interviews and surveys to explain the linguistic performance 
appraisals’ fuzziness and descriptions. Then, the Pm,ij appraised by the 
practitioner of the m city for jth measure in ith strategy is multiplied to 
the Weq,ij of the same measure to determine WPm,ij, as expressed by the 
following equation: 

WPm,ij =Weq,ij ⊗ Pm,ij (7) 

The third stage is the calculation of the fuzzy performance of city m, 
Fm. The Fm is the aggregation of WPm,ij, in which the WPm,ij can also be 
aggregated according to strategies Fm,i as expressed by the equations 
below: 

(8)  

(9)  

where nj is the number of measures within each ith strategy, and n is the 
number of strategies. The Σ⊕ symbol is the fuzzy summation based on 
the fuzzy addition operation in Eq. (2). These Fm,i and Fm fuzzy numbers 
can also be transformed to crisp values using the following equations 
that were based on Eq. (4): 

γm.i = f
(
Fm,i

)
=

(
am,i + 2bm,i + cm,i

)/
4 (10)  

γm = f (Fm) = (am + 2bm + cm)/4 (11)  

with respect to the overall IFRM performance of Metro Manila (FM,i, FM) 
the fuzzy performance is calculated by Eqs. (12) and (13), and the crisp 
values for these is calculated by Eqs. (14) and (15) as follows: 

(12)  

(13)  

γM,i =
1
N

∑
γM,i =

(
am,i + 2bm,i + cm,i

)/

4 (14)  

γM =
1
N
∑

m
γM =

(
am,i + 2bm,i + cm,i

)
/

4 (15)  

where N is the total number of surveyed cities in Metro Manila. 

4. Results and discussions 

The summary of the linguistic performance appraisal for the 15 IFRM 
measures in Metro Manila is shown in Table 4. Each measures’ perfor-
mance is presented in our study [50], where we carefully discussed the 
best and worst-performing measures of the IFRM. The linguistic per-
formance appraisals were evaluated by employing the FME-PRM that 
has three stages, as explained in the Methodology. The first stage’s result 
is two-fold: the priority ranking and the fuzzy weights of the strategies 
and measures. In Fig. 4, the strategy’s ranking (highest to lowest) is 
arranged from left to right, while the measures within the same strategy 
are arranged from top to bottom. The prevention and preparedness 
strategies were given a higher ranking because these strategies are 
pre-event disaster activities that lessen or limit the adverse impact of 
flooding, whereas the other two strategies provide life preservation of 
the affected population on the onset, during, and after a flood disaster. 
Similarly, the measures within the same strategy are ranked using the 
criteria specified in the Methodology. As an example, “land use man-
agement and resettlement” (C11) ranks higher than “structural flood 
mitigation measures” (C14) because the IFRM conceptually prioritizes 
“keeping the people away from water” rather than “keeping the water 
away from the people”. Subsequently, the decided ranking is used to 
determine the fuzzy weight for the strategy (Wi) and measure (Wij) and 
the equivalent weight of the measures (Weq,ij.). Table 5 shows the fuzzy 
weight values in the Wi, Wij, and Weq,ij columns. 

The result of the second stage is the weighted fuzzy performance 
appraisal WPm,ij, which was calculated by Eq. (7). As an example, the 
fuzzy linguistic performance appraisal Pm,ij and WPm,ij.values for Calo-
ocan City (m = 1) are shown in Table 5. Then, these values are aggre-
gated to determine the fuzzy performance of each strategy Fm,i and fuzzy 
performance Fm for city m = 1, as shown in the last column and row of 
Table 5, respectively. 

Fig. 8 shows the summary of each strategy’s fuzzy performance at the 
13 surveyed cities, and these are plotted against the fuzzy performance 
level threshold (Excellent~Bad). The thresholds are illustrated in the 
figure as broken lines, which are derived by assigning one linguistic 
appraisal for all measures, e.g., all measures are appraised as “Excellent” 
to derive the Excellent threshold. The results show that most cities 
perform between the Fair-Very Good level for prevention, Good-Very 
Good level for preparedness, Good-Excellent level for response, and 
Poor-Very Good level for recovery/rehabilitation strategies. Averaging 
the 13 cities’ fuzzy performance by Eqs. (12) and (13) reflects each 
strategy’s overall fuzzy performance for Metro Manila shown in Fig. 9. 
The boundaries of the fuzzy performances in Fig. 9 provide a range that 
best illustrates each city’s actual performance, which copes with the 
uncertainty in quantifying qualitative information. The results reveal Fig. 5. Membership functions for the fuzzy weights of strategies (Wi).  
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that the prevention strategy is the lowest among all strategies for IFRM, 
while the response strategy is the highest performing strategy in Metro 
Manila. 

The fuzzy performance in Figs. 8 and 9 can be further transformed 
into crisp values by Eqs. (10) and (11) and Eqs. (14) and (15), respec-
tively. Fig. 10 shows the crisp performance ɤm of all 13 cities and the 
crisp overall performance of Metro Manila. The maximum and minimum 
ɤm,i values are also depicted in this figure on the right side, while the 
crisp performance thresholds are also plotted using horizontal broken 
lines. The ɤm and ɤm,i allows rapid comparison between IFRM perfor-
mance of the cities and strategies, and these enable the cognizance of 
cities and strategies that needed more work and improvement. 

The results reveal that most cities have surpassed the Good level 
threshold in which one city, Las Piñas City (m = 2), even surpasses the 
Very Good level threshold. The ɤm,i for the prevention strategy for city m 
= 2 is highest among the 13 cities, almost reaching the maximum value. 

Fig. 6. Membership functions for the fuzzy weights of measures (Wij) that have (a) 4 attributes, (b) 7 attributes, (c) 3 attributes, (d) 1 attribute.  

Fig. 7. Membership functions for the linguistic performance appraisals.  

Table 4 
Summary of the linguistic performance appraisal for the 15 measures of the IFRM.  

m IFRM Measures 

C11 C12 C13 C14 C21 C22 C23 C24 C25 C26 C27 C31 C32 C33 C41 

1 G P F F G VG G VG VG G G G G G P 
2 E E VG VG VG VG VG VG VG VG VG VG VG VG VG 
3 VG B G VG G G VG VG G G G G G VG G 
4 VG G G VG VG VG VG E VG VG VG VG E VG VG 
5 E B G VG G G G G G G G G VG E VG 
6 VG G VG VG VG VG VG VG VG VG VG VG VG VG VG 
7 VG B VG VG VG VG G VG G VG VG VG VG VG VG 
8 G G G VG G G G VG G G G G G G G 
9 G B VG VG G VG B VG G G G G G G G 
10 VG G G G VG G VG VG E E E VG E E VG 
11 G G VG VG VG E G VG E F VG E E E VG 
12 G G G G G G G G G G VG G G E G 
13 G G G G G VG VG VG VG VG VG VG VG VG VG  

Table 5 
Fuzzy values of the strategy, measure, and equivalent weights and sample fuzzy performance values for city m = 1.  

Ranked 
strategy 

Fuzzy weight of 
Strategy (Wi) 

Ranked 
measures 

Fuzzy weight of 
measure (Wij) 

Equivalent fuzzy 
weight (Weq,ij) 

m = 1 

Fuzzy Linguistic 
Performance 
Appraisal (Pm,ij) 

Fuzzy Weighted 
Performance Appraisal 
(WPm,ij) 

Fuzzy Performance of 
each Strategy (Fm,i) 

C1 (0.300,0.400,0.500) C11 (0.300,0.400,0.500) (0.090,0.160,0.250) (2.143,2.857,3.571) (0.193,0.458,0.893) (0.279,0.886,2.037) 
C12 (0.200,0.300,0.400) (0.060,0.120,0.200) (0.714,1.423,2.143) (0.043,0.171,0.429) 
C13 (0.100,0.200,0.300) (0.030,0.080,0.150) (1.423,2.143,2.857) (0.043,0.171,0.429) 
C14 (0.000,0.100,0.200) (0.000,0.040,0.100) (1.423,2.143,2.857) (0.000,0.086,0.286) 

C2 (0.200,0.300,0.400) C21 (0.214,0.250,0.286) (0.043,0.075,0.114) (2.143,2.857,3.571) (0.092,0.2142,0.408) (0.372,0.957,1.949) 
C22 (0.179,0.214,0.250) (0.036,0.064,0.100) (2.857,3.571,4.286) (0.102,0.230,0.429) 
C23 (0.143,0.179,0.214) (0.030,0.053,0.086) (2.143,2.857,3.571) (0.061,0.153,0.306) 
C24 (0.107,0.143,0.179) (0.021,0.043,0.071) (2.857,3.571,4.286) (0.061,0.153,0.306) 
C25 (0.071,0.1071,0.143) (0.014,0.032,0.057) (2.857,3.571,4.286) (0.041,0.115,0.245) 
C26 (0.036,0.0714,0.107) (0.007,0.021,0.043) (2.143,2.857,3.571) (0.015,0.061,0.153) 
C27 (0.000,0.036,0.071) (0.000,0.011,0.029) (2.143,2.857,3.571) (0.000,0.031,0.102) 

C3 (0.100,0.200,0.300) C31 (0.333,0.500,0.667) (0.033,0.100,0.200) (2.143,2.857,3.571) (0.071,0.286,0.714) (0.107,0.571,1.607) 
C32 (0.167,0.333,0.500) (0.017,0.067,0.150) (2.143,2.857,3.571) (0.036,0.190,0.536) 
C33 (0.000,0.167,0.333) (0.000,0.033,0.100) (2.143,2.857,3.571) (0.000,0.095,0.357) 

C4 (0.000,0.100,0.200) C41 (0.000, 1.000,2.000) (0.000,0.100,0.400) (0.714,1.423,2.14) (0.000,0.143,0.857) (0.000,0.143,0.857) 
Fuzzy performance (Fm) (0.758,2.557,6.449)  

J.M.R. Mercado et al.                                                                                                                                                                                                                          



International Journal of Disaster Risk Reduction 64 (2021) 102498

8

However, the ɤm,i for its other strategies are relatively similar to the 
other cities, which are much lower than the maximum values. According 
to the practitioners, a comprehensive drainage masterplan was formu-
lated for this city, strengthening its prevention measures. Even though 
city m = 2 has surpassed the Very Good level, this level indicates that 
there are still recognized limitations “in capabilities and resources 
(human and financial)”, as we have defined in Table 3. The practitioners 
of city m = 2 have emphasized their constraints on the limited work-
force, equipment, and capacity training reflecting on the low- 
performance appraisals for the preparedness, response, and recovery/ 
rehabilitation strategies. 

Meanwhile, four cities, Marikina City (m = 4), Navotas City (m = 6), 
Quezon City (m = 10), and San Juan City (m = 11), almost reached the 
Very Good level threshold. The ɤm,i in these cities are relatively close, 
but the prevention strategy is much lower than city m = 2 or the 
maximum value, as seen in Fig. 10. The practitioners of these cities have 
contended that the IFRM is still in progress, so the achievements are 
currently not yet substantial. On the other hand, Pasig City (m = 8) and 
Taguig City (m = 12) barely surpassed the Good level threshold. These 
cities have considerably lower ɤm,i for all strategies but their ɤm,i are still 
above the minimum value. Despite surpassing the Good level threshold, 
these cites’ IFRM performance still indicate that achievements for IFRM 

Fig. 8. Fuzzy performance of a) prevention, b) preparedness, c) response, and d) recovery/rehabilitation strategies of the IFRM at the 13 cities in Metro Manila.  

Fig. 9. Fuzzy performance of a) prevention, b) preparedness, c) response, and d) recovery/rehabilitation strategies of the IFRM for Metro Manila.  
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are “neither excellent nor substantial”, as we have defined in Table 3. 
The results in Fig. 10 further reveal three cities, Caloocan City (m =

1), Malabon City (m = 3), and Pateros City (m = 9), that did not reach 
the Good level but surpassed the Fair level. City m = 1 has the lowest ɤm, 

i, in which the ɤm,i for prevention and recovery/rehabilitation are the 
lowest among the 13 surveyed cities. The practitioners of city m = 1 
recognize the lack of political will among their high officials for pre-
vention and recovery/rehabilitation strategies, which resulted in the 
non-recognition of flooding as a severe issue in their city. Cities m = 3 
and m = 9 also have low ɤm,i for prevention due to the “Bad” appraisal on 
the watershed conservation management measure (C12), as seen in 
Table 4. These two cities have identified C12 measure as not applicable, 
so no programs, activities, or policies promote this measure. According 
to the practitioners of city m = 3, the lack of political will is the main 
factor for the low IFRM performance, especially for the prevention 
strategy, while the lack of city funding and income is the most significant 
limitation towards the IFRM adaptation for city m = 9. 

Overall, the IFRM performance of Metro Manila as a region is within 
the Good level threshold since majority of the cities surpassed the Good 
level threshold even though there are three cities below this threshold. 
The least performing IFRM strategy is revealed to be prevention, yet this 
has the highest relative importance among the four IFRM strategies. 
According to the practitioners, the implementation of prevention mea-
sures necessitates substantial financial requirements and political will 
from the local government and the national government, but these are 
also their current limiting issues. The lack of funding and other 
governance-related issues are the critical barriers to the IFRM adapta-
tion in Metro Manila [50], which are evident in the implementing LGUs 
in Metro Manila. 

On the other hand, the response strategy’s performance is the highest 
in Metro Manila, which may be attributed to establishing the local 
DRRM offices in all the cities, according to the practitioners. The results 
suggest that Metro Manila is still “reactive” rather than “proactive” in 
managing flood risks. The results further indicate that IFRM adaptation 
in Metro Manila is still underway, and the achievements are not yet 
excellent or substantial. Therefore, the efforts for IFRM in this region 
need to focus on the cities that have the lowest performance and on pre- 
disaster strategies, especially on the prevention strategy. 

Overall, the proposed M&E framework for IFRM provides a sys-
tematic, rapid, and reasonable evaluation of the IFRM measures’ qual-
itative appraisals. The approach, however, is highly dependent on the 
experts’ knowledge of the IFRM implementation, so uncertainty is 
inherent in this assessment. Nevertheless, the fuzzy set theory has 
mitigated the uncertainty [17], and it enabled the qualitative appraisals’ 
aggregation. As a first attempt to evaluate the overall performance of the 
IFRM that includes all four strategies (prevention, preparedness, 

response, and recovery/rehabilitation), the proposed framework pro-
vided valuable insights into the current IFRM implementation even 
though there are no specific quantitative data on IFRM measures in 
Metro Manila. The strongest and weakest IFRM strategy and the most 
improved and least improved cities in Metro Manila are identified sys-
tematically through the FME-PRM. The approach can be applied in other 
areas, even in developed countries, at various scales (local, regional, or 
national). The proposed framework can also be flexible wherein the 
measures can be replaced with the ones applicable in the study area, and 
measurable indicators can also be added later once they are available. 
For the developed countries with benchmarked quantitative data, it is 
recommended to modify the framework to integrate the quantitative 
data with fuzzy assessment results. 

5. Conclusions 

The M&E of the IFRM implementation has not yet been explored, 
especially for developing countries. To address this gap in research, this 
study presents an M&E framework for the IFRM performance by 
focusing on the prevention, preparedness, response, and recovery/ 
rehabilitation strategies, which are the general activities in the IFRM 
and DRRM cycle. An M&E of the IFRM was conducted in Metro Manila 
for the first time as a case study. The monitoring activity was done by 
conducting a series of laborious interviews and surveys in 13 cities, and 
the collected data were heavily dependent on the qualitative appraisals 
from the practitioners. These qualitative appraisals need to be aggre-
gated to determine the IFRM performance; thus, we employed the FME- 
PRM for this task. This proposed evaluation approach provided a two- 
fold solution for the M&E: 1) the weight assignment on the IFRM stra-
tegies and measures, and 2) the quantification and aggregation of the 
qualitative appraisal for each measure. 

Through the FME-PRM, the highly subjective appraisals from the 
practitioners were aggregated quantitatively and reasonably. The results 
revealed that most cities had surpassed the Good level threshold, in 
which one city even surpassed the threshold for Very Good. However, 
the Very Good level still suggests that there may be factors that limit the 
city’s capacities for IFRM. The results further revealed that three cities 
were performing below the Good level threshold. In terms of the IFRM 
strategies, the performance for prevention has the weakest performance, 
while the response is the strongest for all 13 surveyed cities. The findings 
imply that Metro Manila has already refined its response efforts for a 
flood disaster, but its prevention capacities have not yet substantially 
improved. 

The approach used in this study has enabled systematic, rapid, and 
quantitative comparisons of the strategies and overall performance for 
IFRM. This approach had also enabled the cognizance of the priority 

Fig. 10. Crisp performance of IFRM (ɤm) and its strategies (ɤm,i) at each city in Metro Manila.  
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cities and IFRM strategies that needs more attention and resources to 
improve the performance for IFRM. This study’s approach is aimed at 
data-poor areas, which are predominantly in developing countries. Once 
the qualitative data becomes available, the approach proposed in this 
study is useful and straightforward for the M&E of the IFRM. The 
approach can be applied in other areas, even in developed countries, at 
various scales (local, regional, or national), and the specific measures 
can be replaced with the ones applicable in the study area. Measurable 
indicators can also be added for each specific measure once they become 
available. In addition, we may improve the approach by accounting for 
the expert’s input on the fuzzy linguistic function and their feedback on 
the results to determine whether the aggregated results support their 
implementation on the IFRM. 
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