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Discounting and present value

What would you prefer?

= Money given to you now or money given to you
3 years later?

= How much your money now will be worth in the
future, say 3 years from now?

= How much is the worth now of say, $ 100 that
you will receive 3 years from now?

ava  UNIVERSITY OF TWENTE. % 3

Discounting and present value

Initial Money : B
Interestrate: r

Timeinvested: n

Year O Bo

Year 1 B1=Bg + By(r)
Year 2 B,=B,; +B,(r)

Year 3 B;=B, + B,(r)

Year N anB(n-l) +B(n_1)(|')
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Discounting Costs and Benefits

Discounting
- Nature of a project is such that benefits and costs occur

at different points in time

- Agiven sum of money now is considered more valuable

than the same amount received in a future period

Discounting is a methodology that allows comparison
of benefits/costs occurring in different time periods
in the future at the initial year of the project.

Important elements of discounting are the discount
rate and time.
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General Principles

The discounted benefits should be greater than the
discounted costs over the economic life of the project

Costs are generally incurred at the start of the project

Benefits are generally derived after the completion of
structures, installation of equipment, etc (operational
stage)

Full benefits will occur on various time periods for
different types of project.
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Example in Conducting CBA for a flood control
project

= Sjtuation:

= Ariver that has been causing floods in the city every 5
years.

» The government decides to do mitigate the effects of
the floods from the river
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Step 1. Enumerate the options that will
prevent floods.

Dikes
River diversion

Flood gates
Others
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Step 2. Determine the efficacy of the options,
that is, how much flood water can be

prevented.

® How many businesses will be saved from the
flood? How income of businesses can be saved?

®" How many hectares of land will be saved from
floods? What is the value of production that can
be saved due to the project?
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Step 2. cont’d

®" How many houses, buildings and structures will
be saved due to the project? How much cost of
repair and reconstruction will be avoided?

= Will there be other benefits that can be derived?
- income from businesses, etc.
® This can be done by preparing a feasibility study.
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Step 3. Estimate the cost of each option
v |
Initial Investment
Land
Engineering design
Site Development
Materials
Equipment
Labor
Fees/Permits
. Others
perating Costs
Personnel
Manager
Staff
Others
Maintenance
Repairs
Materials
Others
Utilities
Electricity
Water
Communications
a. Others
Interest Payments

Others

Q0RO R RORRRRRR R

Cash flows of the project

Construction of the cash flow statement is generally
preceded by the chronological organization of variables and
data into three stages, with each stage corresponding to a
plan:

1. Investment stage
2. Operating stage

3. Cessation-of-operation stage: Residual values

@ .
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Step 4. Analyse the benefits of the project.

Analyze the “with” and “without the project” situation.

Sector/Sub- Without the Project ($) Net Value ($)
($)
sectors

Damages Losses Damages Losses

Agriculture

Manufacturing
Power

The other sectors
NETBENEFIT
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Step 4. cont’d

®  The potential benefits are the reduction in damages and losses (or
savings) that will be generated from the potential damages and
losses, which are the cost of reconstruction and repair; and the
avoided production/income, foregone taxes and other losses of the
government and various sectors.

® “The other sectors” refers to the sectors/sub-sectors covered
included in the past training.

®  Under “without the project”, the values of damages and losses can
be gathered from the past floods.

® Under “with project”, the values of damages and losses should be
estimated in the analysis of the options in preventing floods (the
feasibility study).
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Step 5. Plot the Cost and Benefits of the project.

1 2 3 4 5 6 7 8 9 10
. Initial Investment
. Interest payments

. Others
Total

1
1. Operating Costs
1
1

Benefits
Reduction in damages and
losses in:
1. Agriculture

1. Manufacturing
1. Power
1. Theother sectors

Total

NETTOTAL
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Step 5. cont’d

= The net total will be the sum of benefits less
the sum of the costs.

= The benefits (value of damages and losses
avoided) should consider the timing when it
will be realized (using the probabilistic values
derived from various methodologies)
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Step 6. Determine the Net Present Value
(NPV) of the project

1 2 3 4 5 6 7 8 9 10

P ———

Costs
Benefits

NET TOTAL

=  Decision rule:
" |f NPV > or = 0, the project is economically desirable
" If NPV <0, the project is not economically desirable
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Step 7. Perform Sensitivity Analysis

= Adjust some possible changes in the
assumptions on costs and benefits.

= What if costs escalate by 20%?
= What if floods will not happen in 10 years?
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Step 8. Analyse the other projects as
options

= Following the same steps, analyse the NPVs of
the other projects with the same purpose (like
river diversion instead of dike).

= The project with the highest NPV is the most
desirable project.
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Spatial Multi Criteria
Evaluation
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Risk Assessment Methods
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Spatial Multi-Criteria Evaluation

Sub-goals

Level 1 Level 2

C,w

— L1 gl CcL2 wi2 1%

Goal cwHy 4 fECZWE
C3wy

cte,wt2 Cywy

2 2£C5 Ws

l_'cs Wi

SJ0Je21pU|

L {1 —» (CL2 2
CU:)W n C nWLn

cﬂ Wn

./
[Assessment Rule]

C: criterion
W: weight

L: level

A: alternative
m: number of alternatives
n: number of criteria

a;: performance of an alternative i Composite index map
and a criterion |
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Flood hazard: A multi-parameter issue

Maximum water depth

Hazard = Water depth +

Flow velocity +
Impulse +
_______________ Rising +
————— - — === Propagation +
_______________ ! Sedimentation +

Duration ?

[ P —
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3-step SMCE procedure

Final map
(decision)

Indi cator Normalized maps  Weighted -Normalized
maps (scale0-1) maps
]
Wi i 2\t L
i 75 Amap2
% A ;/A$3
,(]’f IP’ /ﬂ n g map4 J’
Bmapl I
Bmapz
—_— Bmap3
Bmap4 J
Standardization Prioritization Aggregation

Standardization: rescaling of the maps to a value range of 0 to 1 —inside the maps
Prioritization: Assignment of relative weights to indicate importance of the maps
Aggregation: Integration of all factorsinto afinal output.

CrAIGES

25

Data and decision problem

= Start problem driven

» Find out missing data

= Assess value of data

= Use proxy indicators. (correlation)

swvm  UNIVERSITY OF TWENTE.
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SMCE process

Identification of the main goal.
Identification of a hierarchy of sub goals.

Identification of criteria or effects, which measure the performance of
the sub goals.

Creating and filling a criteria tree, which represents the hierarchy of the
main goal, any sub goals, and the criteria.

Identification of alternatives to be evaluated.

Assignment of input maps to criteria for each alternative.
Determination of a standardization method per criterion.

Weighing of criteria in the criteria tree.

Calculation of the Composite Index maps and visualization.
Classifying or slicing the Composite Index maps and visualization.
Calculation of Shape Index and/or Connectivity Index.
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Formulate (sub-)objectives well — the
criteria tree should be self-explanatory

Poor formulation Good formulation
= Environmental (criteria) = (we want) to minimize
= Economic (Criteria) environmental impact
= Social (criteria) » (we want) to minimize

economic risk

= (we want) to create stable
social networks

T R

Tip: use verbs!
& ““so what does it mean?”

swvm  UNIVERSITY OF TWENTE. 28
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‘ Qualitative risk

Final map

Procedure

Corm pasite m ap:
Social vulnerahility pu

Com posits m ap:
Population vulhershility
-]

Corm posite m ap:
Physical vulnerability

—>| Social vulnerability

Age related

* % of young children
* % of elderly people

|

Income related

« % of householdsliving below poverty level
« Unemployment rate

Ethnicity related
« % of households minority groups

i

Farnily structure

;

» 9% of single parent households

Population vulnerability ‘

— » # peoplein flood risk zone (daytime)

= # people in flood risk zene (nighttime)

+ # people in landslide risk zone (daytime)

+ # people in landslide risk zone (nighttime)

Il

Etc.

Physical vulnerability ‘

— * # buildingsin flood risk zone 5 year RP

« # buildingsin flood risk zone 10 year RP

« # buildingsin flood risk zone 25 year RP

« # buildingsin flood risk zone 50 year RP

« # buildingsin flood risk zone 100 year RP

« # buildingsin low landslide susceptibility zones
bi

-
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Capacity

_.‘ Capacity

+ # buildingsin mod. landslide susceptibility zone
« # buildings high landslide susceptibility zones

TN

Disaster preparedness
« Distance to Evacuation sites
« Distance to hospitals.
swareness level % "
> e Literacy rate
.

hoolswith awaren programim

Ls

Indicators

1. Generic social vulnerability indicators:

Literacy rate

swvm  UNIVERSITY OF TWENTE.

Percentage of young children

Percentage of elderly people

Percentage of minority groups

Percentage of single parent households

Percentage of households living below poverty level.

craheES

1/19/2012
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Indicators

2. Hazard specific social vulnerability indicators

» people located in flood risk zones, both a daytime and
nighttime scenario

= people located in landslide risk zones, both a daytime and
nighttime scenario

= people located in technological risk zones, both a daytime
and nighttime scenario

» people located in seismic risk zones, both a daytime and
nighttime scenario

E“-:.- UNIVERSITY OF TWENTE. %31

Indicators

3. Hazard specific physical vulnerability indicators

= buildingslocated in flood risk zones, with different return
periods

= puildingslocated in landslide risk zones, with different
degree of susceptibility to landslides

= buildingslocated in technological risk zones, with
different degree of susceptiblility to landslides

= buildingslocated in seismic risk zones, with different
intensities and return periods
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16



Indicators

4. Capacity indicators

= Distance to Evacuation sites
= Distance to hospitals.
=  Awareness

ava  UNIVERSITY OF TWENTE.
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Flood hazard indicators:

Flood Depth (20 years)

Flood Depth (100 years)

4;’{

Depth (m)

Flow
velocity (nvs)

oo
o0
L Joao
030
o0

N/ &
@ onverEIQWEvEloGHy (20 years) — Flow velocity (100 years) %M

1/19/2012
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Landslide hazard indicators:

Known landslides

¥
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Vulnerability indicators:

Existing buildings

istance to buildings
swvm  UNIVERSITY OF TWENTE.
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Spatial multi-criteria
analysis

A criteria tree contains all criteria

Factors: a criterion that contributes to a
certain degree to the output

= Benefits
= contributes positively to the output;
the more you have (the higher the
values), the better it is
= Costs
= contributes negatively to the
output; the less you have (the lower
the values), the better it is
Constraints: criterion that determines in
the calculation of the main goal
.Mask out area

Critnrin Tron

A wunersbity ndex - Parwise

3 0. 13 e o0 7 T
= (0 0.0% Age related - Parrse
3 0,50 Percentage chikren - S Meodmaum
O 050 Prrernitagn Flderky prpie - Std:Maimn
= B0 057 Wncome relsted - Parvize
5% 050 Under paverty level - Sed-SoallD. 000,50.000) 1
Y 0150 Lyt <« Stel:Macirnm
= B0 0.3 ety relsted
£ 1.0 Minority grouns - Stel:Mamum
= (£ 0.22 Secidl structure
O 100 Siegle parert households - Sl Manimum

[ dstricts:ge_under_+
[ et scign_ereve 65

[ mappng_urks:Pover..|
[ wenrche:Lirsmrrgleryerased

[ dhestricts:mnce

i) mapong wries:percen. |

53 0.3% Hazard specc social vunerability ickcators - Parvass.
= (2 0.53 Sesric kses - Painvise
(21 050 Daytime scenaris
¥ [Z1 050 Mghitime stenarin
= () 0,08 Landside kuses - Parmise
g 00580 Peoph in hagh suscectble sones - SR Gos0.000, 100,000}
O 0010 Praogie in mosierate suscephibie 2ones - Std-Goall0, 000, 100.000)

S Pogwition_ndnerabd..
[ Semaric_pr_dn

(2 0.57 Setsmic vainewahiity - Parwisn
5 0.05 Intersiy 1 = Std:Goa0.000,25.000)
I 00073 ety VL - S Gousk(DL 000, 5,000}
g 0030 Inbenaity VITE - SedGaal. 000, 26 000)
" 0.66 Intersiy D - Std:Goak(0,000,25.000)
= (B 0.5 Landishde vunersbilty - Parmse
3 0075 High hazaed rones - Std:Maemom
0o, hazard 115.000) ’%
3 0,07 Low hssird 3one3 2 Gosi0.000,314.000) -
53 0.22 Flood vuines by - Pairwiss
" 0013 Rt perad § yeur — Rel:Harman
5 006 eetrn period 10 year -~ Sd-Goak0, 000, 20,000}
5 013 Redurn prid 25 e -~ Shek-Gisal, 0001, 200610}
3 0% Return pariod S0 year — Std-Goak0), 000, 20000)
3 0,51 Retun period 100 years — Sd:Goak0,000,20.000)
= 2 016 Techrokogicl wrmeabilly - Paisviin
P 0,13 o fre scenaric - Std:Maarmm

B 058 BUEVE sreruarin - St 000,50 600)

= (B 0.28 Flowd ksses - Parwise S Flood _peg_vud
# [E 050 Daytime scenario
¥ (50 050 Nightbtis scenimio 2
= 0 0,04 Technologeal deastar kosses - Parwize [ Tech_pop_vin
& [E 050 Dantime scenaria
= & 3
= 20 082 Hazaed spechc physical vunersblity ndcstons - Parwise S usbdey_vuinershity

= 50 0,06 Cavacky dcalons - Parvise
122 (.83 Distance to emergency centers
1,00 Distance bo hrosphals -« St Cormvexd,000, 1 789.071) 4
= B 0.17 Awarerass

5 1.00 Lberacy rate - Std:Masimom

The criteria tree

One main goal is obligatory for any criteria tree,
The main aoal is also called the main root

™ l’ka Tree

The Standardization method
is indicated here.

] s

| /

/

Wulnerability index: - Pairwise

The Compaosite index map
containg the final cutput

4 Benefit:
contributes positively
to the outout; the
mare you have (the

=3 0.13 Genenic mmm ,‘Parwuse
= (21 0.09 Age related - Pairwise [V
| &3 0.50 Percentage chidren - Std:Maximum
—7 B 0.50 Percentage Ekderly people - Std:Maximum
0.57 Income related -- Pairwise 1

dstricts:Age_over_65

higher the values),
the better it iz

-
ey

A Group defines an
intermediate or a
partial goal,

Under a Group, you
can add one or more
Factors and/for other
Groups of Factors.
Click the plus sign in
front of a Group of
Factors to expand the
group.

= [0 0.39 Hazard specific social vulnerability indcators -- Pairwise
= (23 0.53 Seismic losses -- Pairvise

+ ([0 0.50 Daytine scenario

+ (2 0.50 Nighttime scenario

3 0,06 Landside losses - Pairvise
%} 0.90 People in high susceptible zones -~ Std:Goal(0.000,100.000)
o 0.10 People in tibie zones —

= 2 0.28 Flood losses -~ Parwise

+ (23 0.50 Daytime scenario

5 (3 0.50 Nightttime scenario 2

E3 0.14 Technological disaster losses -« Pairwise

+ (I 0.50 Daytine scenario

+ () 0.50 Nighttime scenario
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% 0.50 Under poverty level - Std:Gosk(0.000,50,000) [ mapping_unks:Pover..,
+ dant L y
o By 0.50 Lkmpln'ﬂ!um =« Std:Maximum Here are the Input m wards:Unemployment
T e@ 0'13EM reisted tables and columns
O 1.00 Minority groups - Std:Maximum that cortain the data | districts:minor
= (Z1 0.22 Social structure related to the factor
o 1.00 0k households - Std:Mandmum unks:Percen

000, 100.000)

[ Landshde_pop_vun

[ Landshde _risk_populat..
Landshde_risk_populat..
[ Flood_pop_vuln

[ Tech_pop_wun

CAICES
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The criteria tree

A Subgoal Is directly
under the maln goal,
it defires the main
groups that together
define the overall
goal, Each subgosal
alen has a welght
value,

Ore subgoal can
consist of one or
more factors. These
can he spatlal or non
spatial, They are all
having 2 wight
{value in front) and a
standardization
method (2.0 Std:
Goal)

) g e s s s

| =L (3 0.42 Hazard specific physical vulnerability indicators -- Pairvwise
= ) 0.57 Sessmic vulnerability - Pairwise

Q‘ 0.05 Intensity VI -- Skd:Goal(0,000,25.000)
O 0.09 Intensity VI - Std:Goal(0,000,25.000)
B3 020 Inensity VIIT -- Std:Goal(0.000,25.000)
% 0.66 Intensity I -- Std:GoaK0.000,25,000)

= (23 0.06 Landiside vulnersbilty -- Pairwise
% 0.75 High hazard zones -- Std:Masimum

% 0.18 Moderate hazard zones -- Std:Goal(0,000,115.000) '%
% 0.07 Low hazard zones - Std:Goak0.000,414.000) -

=1 (2 0.22 Flood vulnersbilty -- Pairwise

O 0,03 Return period S year - Std:Maxinum
—— I 0.06 Return period 10 year - Std:Goal(0.000,20.000)
T B 0.13 Return period 25 year - Std:Goal(0,000,20,000)
B 0.26 Return period 50 year - Std:Goak0.000,20.000)
% 0.51 Return period 100 years -- Std:Goak0.000,20,000)

= [0 0.16 Technological vulnerability -- Pairwiss
% 0.13 Pool fire scenario - Std:Maximum

O .58 BLEVE scenario == Std:Goal(0.000,80,000) . Technological risk_bui..

7 0.06 Capacity indicators -- Pairwise

= [ 0.83 Distance to emergency centers
3 1.00 Distance to hospitals - Std:Convex(0.000,1789.071) 4

= [0 0.17 Awarensss

% 1.00 Literacy rate - Std:Maximum

The 4 blocks in the witeria tree refer to the main subgoals, indicated above, |
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[ED) Building_vulner abilty

[ Seismic_Physical_vuln | —

[ Seiseic_risk_buidings...
[D) seismic_risk_buildings...
[@) Seismic_risk_buildings. ..
[ seismic_risk_buildings...
Landshide_Physical_w..
[@) Landslide _risk_buildin...
[@) Landslide_risk_buildin. ..
[@) Landslide_rick_buidin...
) Flood_physical_vuln

[@ Flood_risk_buidings: .

[@ Flood_risk_buidings:...

@ Flood _risk_buldings:. ..

(@) Flood_risk_buidings:...

[ Flood_risk_buidings:...

Tach_Physical_vuln

[@) Technological_risk_bui..

B Capacity indicators
[E) Distance_emergency
[@) mapping_units:Distan...
Awiareness

[ wards:Likeracy_rate

CANCES .

Good features of family of criteria

= Measurable
(explain effects in terms of the fundamental interest in the situation)

= Understandable

(facilitate communication and understanding)
= Completeness: the main categories have to represent all the relevant

aspect

= Comprehensibility: each category has to be as homogenous as possible

and has to represent a recognizable type of differences

= Balance: main categories have to be equal in relation to the level they

express

= Double counting: each category must be as distinguishable as possible

swvm  UNIVERSITY OF TWENTE.

40

1/19/2012

20



Standardization of
criteria

wégti
B

Maximum: The input values are divided by the maximum value of the
map

Interval: Linear function with the maximum and minimum values of the
map

Goal: Linear function with a specified maximum and minimum values
Piecewise linear: Linear function with two breaking points located
between the extremes

Convex: Convex function with one user defined value to re-shape the
curve

Concave: Concave function with one user defined value to re-shape the
curve

U-Shape: U-shape curve with one user defined value to stretch or
shrink the curve GaussianBell-shape curve with one user defined value

6)1 stretch or shrink the curve
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How to select weights?

Cumerd comparison Compasisen Progress

% Age slated, Incorms ielited
" ige ssted, Ethriciy sskfed

" Age siaed. Sacial druchues relalesd

© Income selatec Ettricky selaed

" Income telated Socis sruchune relaied
" Etheseiy nlated, Scial struchpe relaled

Age e
BN i el mportart 5 =

" Ineme seladed

w1} S =T) 1) =10 =

Chexrin ot wthes

= Direct estimation by expert

= The user has to specify weight values him/herself. These user-
defined weights are automatically normalized

= Pair-wise comparison

= With a pairwise comparison matrix, each variable (or criterion) is
compared to all others in pairs in order to evaluate whether they are
equally significant, or whether one of them is somewhat more
significant / better than the other for the goal concerned

= Ranking method

= the criteria and variables are simply ranked according to their
importance as landslide controlling factors

= Source: ILWIS Multi Criteria Evaluation
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SMCE in this study:

Direct I
Direct

100 -- Std:Goal (0.000,1.000)

| Mocera -- Std:Maximum

e -- Std: Concave(0.000,6.000)
locity 20y -- Std:Goal(0,000,2.000)

-- Direct
5 -- Std:Goal (0,000 500.000)
s 0.20 Jandude -- Std:Goal(0.000,10.000)
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