
"

ID
R

C eo

C
ana& C

R
D

I

'1.,v.10^.

400,

L

Ir

F
ikrO

.

'C
O

Integrated
S

ystem
for
M

unicipal
E

nvironm
ental

M
anagem

ent

M
ethodological guide for the construction of S

IG
A

P
lanning for prevention of environm

ental and natural disasters

4

V
"-

=
A

R
C

H
IV

IG
LE

S
I

127393
r

S



Index

P
reface

03

1. S
ocial and E

conom
ic

Im
pact of D

isasters
05

T
he C

ycle: disasters-poverty and
environm

ental degradation
06

E
volution of the C

onceptual F
ram

ew
ork

R
egarding D

isasters
07

T
he K

obe S
um

m
it

09
P

ost-K
obe C

hallenges
11

E
conom

ic and financial m
anagem

ent for
reducing vulnerability at the m

unicipal level
14

2.W
hat is the S

IG
A

?
17

T
he S

IG
A

 P
rinciples

18
A

im
s of the M

ethodological G
uide

19

3.P
hases in the C

onstuction of the S
IG

A
21

P
rior R

equirem
ents

22
M

unicipal O
rganizational C

hart
(S

tructure, U
nits, C

om
m

ittees)
22

Links w
ith other Institutions

23
G

eneral aim
s for the im

plem
entation of the S

IG
A

23
D

efinition of variables to be considered
24

C
onsideration of difficulties to be resolved

24

Input S
tage

24-
B

asic C
overage in setting up the S

IG
A

25
S

tage 1. G
eophysical S

ystem
25

S
tage 2. S

ocio-E
conom

ic S
ystem

39
S

tage 3. U
se of Land

57
S

tage 4. Lifelines and B
asic S

ervices
60

S
tage 5. P

rocessing S
tage

64
A

n E
xercise for the P

reparation of the S
IG

A
83

4. U
se of space and satellite

technology and new
 local

practices in risk m
anagem

ent
and vulnerability reduction

A
ppendices

B
asic concepts

T
hreat, R

isk, V
ulnerability and R

esilience
S

ource of Inform
ation

S
ocial and E

conom
ic C

oncepts
P

riorities of the H
yogo

P
lan of A

ction for 2005-2015

B
ibliography

87979799
102
105

114

117

M
ethodological G

uide for the C
onstruction of the S

IG
A

[1]



E
di

tio
n:

 G
as

tó
n 

B
ou

ch
ar

d,
 A

lic
ia

 Ig
le

si
as

 (
ID

R
C

)
D

es
ig

n:
 D

is
eñ

o 
B

ás
ic

o
C

ov
er

 p
ic

tu
re

: F
ed

er
ic

o 
G

ut
ié

rr
ez

In
si

de
 p

ic
tu

re
s:

 F
ed

er
ic

o 
G

ut
ié

rr
ez

, A
F

P
 (

pa
ge

 1
1)

M
ay

 2
00

8

[2
],

A
ck

no
w

le
dg

em
en

ts

T
he

 In
te

rn
at

io
na

l D
ev

el
op

m
en

t R
es

ea
rc

h 
C

en
tr

e
(I

D
R

C
) 

w
is

he
s 

to
 a

ck
no

w
le

dg
e 

th
e 

co
nt

rib
ut

io
ns

 o
f:

E
co

no
m

is
t M

ar
co

s 
A

da
m

so
n-

B
ad

ill
a,

 M
.S

c.
, w

ho
 w

as
re

sp
on

si
bl

e 
fo

r 
th

e 
su

m
m

ar
y 

of
 th

e 
W

or
ld

 C
on

fe
r-

en
ce

s 
on

 D
is

as
te

r 
R

ed
uc

tio
n,

 th
e 

in
co

rp
or

at
io

n 
of

ec
on

om
ic

 a
sp

ec
ts

 a
nd

 in
di

ca
to

rs
, a

nd
 th

e 
re

vi
si

on
,

up
da

tin
g 

an
d 

ed
iti

ng
 o

f t
he

 o
rig

in
al

 v
er

si
on

.

G
eo

gr
ap

he
r 

G
ab

rie
la

 F
er

ná
nd

ez
 a

nd
 A

gr
on

om
is

t
A

lv
ar

o 
G

on
zá

le
z,

 w
ho

 w
er

e 
re

sp
on

si
bl

e 
fo

r 
th

e 
fir

st
ve

rs
io

n 
of

 th
e 

do
cu

m
en

t a
nd

 th
e 

fo
rm

ul
at

io
n 

of
 th

e
m

od
ul

es
.



P
R

E
F

A
C

E
O

ver the years, the International D
evelopm

ent
R

esearch C
entre (ID

R
C

) of C
anada has been sup-

porting the incorporation of inform
ation system

s
for urban environm

ental decision-m
aking in m

u-
nicipalities throughout Latin A

m
erica and the C

a-
ribbean. T

his research conducted by the F
aculty

of S
cience of the U

niversity of the R
epublic of

U
ruguay, w

as initially conceived for the purpose
of m

anaging new
 events posing urban environ-

m
ental risks.

W
ithin this context, the research

outcom
es w

ere enhanced w
ith the production of

a tool to support integrated risk and urban vulner-
ability m

anagem
ent in case of natural disasters,

the so-called Integrated M
unicipal E

nvironm
ental

M
anagem

ent S
ystem

 (S
istem

a Integrado para la
G

estión A
m

biental M
unicipal - S

IG
A

, in S
panish).

S
IG

A
 w

as intended for local use and is geared to
facilitate the advisory task of m

unicipal technical
experts, decision m

akers, m
em

bers of civil soci-
ety and land use planners. T

his tool is based on a
m

ethodological integrated m
anagem

ent approach
that incorporates social and environm

ental fac-
tors to the basic physical variables that describe
the territory under study.

In this m
anual, the authors of the tool have syn-

thesized the learning provided by S
IG

A
 users

them
selves, as w

ell as the results of the know
l-

edge exchanged during different face-to-face and
distance training courses carried out for m

unici-
pal experts in the different sub-regions of Latin

A
m

erica and the C
aribbean, w

ithin the fram
ew

ork
of the form

er E
nvironm

ental M
anagem

ent S
ecre-

tariat (E
M

S
) of ID

R
C

.

B
ased on the application of geographic inform

a-
tion system

s (G
IS

) fundam
entals, this m

anual de-
scribes the steps to be taken and the m

aterials
to be used to set up an inform

ation system
 that

allow
s m

unicipal technical experts and decision
m

akers to identify, diagnose and m
ap vulnerabil-

ity and risk areas in a given m
unicipal territory, by

building sim
ple indicators that help m

onitor the
evolution of these events.

T
his version of the S

IG
A

 m
anual incorporates

the econom
ic factor into local risk m

anagem
ent

planning, w
hich allow

s decision m
akers to define

m
unicipal priorities and availability of resources

and thus enhance planning processes relative to
Investm

ent in P
revention and M

itigation at the
M

unicipal level (IP
M

 M
 in S

panish). It also m
akes it

possible to identify opportunities to com
plem

ent
strategies relative to social investm

ent, vulner-
ability and risk reduction and, finally, also enhance
participatory processes relative to education and
dissem

ination. A
ccordingly, S

IG
A

 represents a
pre-investm

ent endeavour in term
s of m

unicipal
prevention and m

itigation.

A
s part of the core activities of the U

rban P
overty

and E
nvironm

ent P
rogram

m
e (U

P
E

) of ID
R

C
, this

m
anual is a contribution to advancing the process

for the reduction of factors that exacerbate the
poverty-disaster-environm

ental degradation rela-
tion, by strengthening local m

anagem
ent capaci-

ties in order to increase local resilience to natural
disasters.

W
ith this publication, ID

R
C

 contributes to the im
-

plem
entation of the tenets and goals set forth in

the K
obe W

orld C
onference on D

isaster R
eduction

(V
V

C
D

R
), Japan, 2005, aim

ed at providing com
-

m
unities w

ith greater resilience to face natural
disasters.

International D
evelopm

ent R
esearch C

entre - C
anada.

W
alter U

bal G
iordano, S

enior P
rogram

m
e S

pecialist.
M

ay 2008
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1. S
O

C
IA

L A
N

D
 E

C
O

N
O

M
IC

 IM
P

A
C

T
 O

F
D

IS
A

S
T

E
R

S

D
isasters affect over 200 m

illion people a year.
T

he econom
ic losses they generate not only delay

the developm
ent process, but also use up lim

ited
resources w

hich could otherw
ise be used for so-

cial priorities such as the relief of poverty and the
im

provem
ent of the health conditions and educa-

tion of the populations concerned.

F
or exam

ple, it w
as found that the population af-

fected in 28 countries of the Latin A
m

erica and
the C

aribbean region (LA
C

) (1972-99) w
as over

150 m
illion people; w

ith over 100 thousand dead
and over 12 m

illion victim
s (M

. A
dam

son, 2003).
C

hart 1 show
s the upw

ard trend in the num
ber of

disasters per year w
hich have affected the region

every year. If this increase of 4%
 per year is m

ain-
tained, in only fifteen years the area w

ill undergo
the sam

e num
ber of disasters w

hich affected it
over a thirty-year period.

H
ydrom

eteoroloqical disasters (G
raph 1) are the

m
ost frequent type of disasters in LA

C
: in first

place, floods (38%
), follow

ed by hurricanes and
storm

s (31%
); and in third place, earthquakes and

trem
ors (11%

).

C
hart 1. N

um
ber of disasters/year in LA

C
 (1970-2002)

3530252015105o 1I1111111111111111111111111111111
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C
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C

O
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o

G
raph 1. B

reak-dow
n of disasters in LA

C
 1970-2002
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S
ource: M

. A
dam

son, C
IE

S
A

 for A
C

S
 (2003).

T
ablet. Losses (thousands of U

S
$ 1998), num

ber
of people affected and deaths by type of disaster,

LA
C

 countries (1970 - 2002)

G
raph 2. Losses according to type of disaster,

LA
C

:1970-2002

0%
37%

8%

6%44%

0 Landslides
V

olcanic E
ruptions

F
loods

D
roughts

E
arthquakes and trem

ors
H

urricanes and storm
s

S
ource: P

roduced by M
. A

dam
son, C

IE
S

A
 2003 from

 C
R

E
D

(2003).

C
ause

C
onsequences

Losses
$

,
D

eaths

Landslides
7.011

25.608
4.640

V
olcanic E

ruptions
1.599.975

677.096
22.836

F
loods

2.551.821
15.322.202

37.254

D
roughts

1.693.627
5.290.527

41

E
arthquakes and trem

ors
13.340.558

7.446.000
47.357

H
urricanes and storm

s
11.398.848

21.534.796
33.568

T
O

T
A

L
30.591.839

50.296 229
145.696

M
ethodological G

uide for the C
onstruction of the S

IG
A

IS
)

e

5%



1
In

 e
co

no
m

ic
 te

rm
s,

 a
n

ex
te

rn
al

 im
pa

ct
 r

ef
er

s 
to

th
e 

pr
es

en
ce

 o
f a

n 
ev

en
t,

of
 a

 g
eo

-p
hy

si
ca

l t
yp

e,
 fo

r
ex

am
pl

e,
 w

hi
ch

is
ex

og
-

en
ou

s 
to

 th
e 

sy
st

em
, a

nd
w

hi
ch

 w
ill

 im
pa

ct
 o

n 
th

e
sy

st
em

 d
ep

en
di

ng
 o

n 
its

st
ru

ct
ur

e.

D
is

as
te

rs
 r

ep
re

se
nt

 a
n 

ex
te

rn
al

 b
lo

w
 to

 th
e 

ec
on

-
om

y,
 d

ep
re

ci
at

in
g 

in
fr

as
tr

uc
tu

re
, l

ea
di

ng
 to

 lo
ss

es
in

 th
e 

pr
od

uc
tio

n 
of

 g
oo

ds
 a

nd
 s

er
vi

ce
s,

 a
lte

rin
g

re
la

tiv
e 

pr
ic

es
 w

ith
in

 th
e 

ec
on

om
y 

an
d 

th
e 

ex
pe

c-
ta

tio
ns

 o
f i

nv
es

to
rs

, a
nd

 a
ffe

ct
in

g 
th

e 
m

ar
ke

ts
 in

ar
ea

s 
su

ch
 a

s 
re

al
 e

st
at

e,
 to

ur
is

m
 a

nd
 tr

an
sp

or
t,

al
l o

f w
hi

ch
 r

es
ul

ts
 in

 a
 h

ea
vy

 b
ur

de
n 

fo
r 

su
st

ai
n-

ab
le

 h
um

an
 d

ev
el

op
m

en
t.

T
he

 e
ffe

ct
 o

f t
he

 d
is

as
te

rs
 w

ill
 v

ar
y 

ac
co

rd
in

g
to

 ty
pe

 (
ea

rt
hq

ua
ke

, l
an

ds
lid

e,
 fl

oo
d,

 h
ur

ric
an

e,
et

c.
)',

 p
hy

si
ca

l, 
ec

on
om

ic
 a

nd
 s

oc
ia

l c
on

di
tio

ns
 (

fo
r

ex
am

pl
e,

 th
e 

pa
tte

rn
 fo

r 
us

e 
of

 n
at

ur
al

 r
es

ou
rc

es
,

di
st

rib
ut

io
n 

of
 in

co
m

e 
an

d 
po

ve
rt

y,
 in

ve
st

m
en

t i
n

pr
ev

en
tio

n 
an

d 
m

iti
ga

tio
n 

in
 th

e 
ar

ea
) 

an
d,

 in
 g

en
-

er
al

, t
he

 v
ul

ne
ra

bi
lit

y 
of

 s
oc

ie
ty

 in
 th

e 
fa

ce
 o

f s
uc

h
ev

en
ts

.

T
he

 d
im

en
si

on
s 

of
 y

ea
rly

 w
or

ld
w

id
e 

so
ci

o-
ec

on
om

ic
lo

ss
es

 d
ue

 to
 d

is
as

te
rs

 a
re

 h
ug

e.
 B

y 
th

e 
ye

ar
 2

00
0,

m
aj

or
 d

is
as

te
rs

 e
xc

ee
de

d 
80

 th
ou

sa
nd

 tr
ill

io
n 

do
lla

rs
an

d 
it

is
 e

st
im

at
ed

 th
at

 if
 th

e 
pr

es
en

t t
re

nd
 c

on
tin

-
ue

s,
 b

y 
20

50
 th

ey
 w

ill
 r

ep
re

se
nt

 o
ve

r 
10

0 
th

ou
sa

nd
liv

es
 lo

st
 p

er
 y

ea
r 

(M
un

ic
h 

R
ee

, 2
00

0)
.

F
or

 e
xa

m
pl

e,
 d

ur
in

g 
th

e 
la

st
 th

re
e 

de
ca

de
s,

 2
8

co
un

tr
ie

s 
in

 L
A

C
 (

T
ab

le
 1

) 
lo

st
 o

ve
r 

30
.5

 b
ill

io
n 

do
l-

la
rs

 (
19

98
 c

on
st

an
ts

).
 J

us
t o

ve
r 

43
%

 (
G

ra
ph

 2
) 

of
th

es
e 

lo
ss

es
 w

er
e 

ca
us

ed
 b

y 
ea

rt
hq

ua
ke

s;
 3

7%
 b

y
hu

rr
ic

an
es

 a
nd

 s
to

rm
s,

 a
nd

 8
.5

%
 b

y 
flo

od
s.

[6
]

T
he

 C
yc

le
:

di
sa

st
er

s-
po

ve
rt

y 
an

d
en

vi
ro

nm
en

ta
l d

eg
ra

da
tio

n
R

ev
ea

lin
gl

y 
fo

r 
LA

C
, i

t h
as

 b
ee

n 
fo

un
d 

th
at

, r
eg

ar
d-

in
g 

th
e 

ef
fe

ct
 o

f d
is

as
te

rs
 o

n 
pe

op
le

, h
ur

ric
an

es
an

d 
st

or
m

s 
ar

e 
re

sp
on

si
bl

e 
fo

r 
40

%
 o

f t
he

 p
eo

pl
e

af
fe

ct
ed

 (
G

ra
ph

 3
),

 fo
llo

w
ed

 b
y 

flo
od

s 
(3

0%
),

 a
nd

dr
ou

gh
ts

, w
hi

ch
 a

re
 r

es
po

ns
ib

le
 fo

r 
10

%
 o

f t
he

 a
f-

fe
ct

ed
 p

eo
pl

e.
 E

ar
th

qu
ak

es
 o

nl
y 

ac
co

un
t f

or
 1

4%
of

 th
e 

ef
fe

ct
s.

O
ve

ra
ll,

 h
yd

ro
m

et
eo

ro
lo

gi
ca

l e
ve

nt
s 

ca
us

e 
cl

os
e 

to
86

%
 o

f t
he

 s
oc

ia
l i

m
pa

ct
 o

f d
is

as
te

rs
, w

hi
ch

 is
 v

er
y

se
rio

us
, s

in
ce

 a
 la

rg
e 

pr
op

or
tio

n 
of

 th
e 

po
pu

la
tio

n
af

fe
ct

ed
 is

 p
oo

r 
or

 v
er

y 
po

or
.

It 
is

 a
 w

el
l-k

no
w

n
fa

ct
 th

at
 th

e 
po

or
er

 s
et

tle
m

en
ts

 a
nd

 v
ill

ag
es

 o
f m

u-
ni

ci
pa

lit
ie

s 
ar

e 
lo

ca
te

d 
on

 r
iv

er
 b

an
ks

 a
nd

 o
n 

m
id

-
w

at
er

co
ur

se
s;

 g
en

er
al

ly
 in

 d
eg

ra
de

d 
riv

er
 b

as
in

s,
as

 w
el

l a
s 

in
 c

oa
st

al
 a

re
as

 w
he

re
 n

at
ur

al
 b

ar
rie

rs
(m

an
gr

ov
e 

sw
am

ps
, w

et
la

nd
s,

 e
tc

.)
 h

av
e 

be
en

 o
ve

r-
ex

pl
oi

te
d,

 a
nd

 in
 u

rb
an

 a
re

as
 w

ith
 li

ttl
e 

ra
in

 c
ol

le
c-

tio
n 

an
d 

sa
ni

ta
ry

 in
fr

as
tr

uc
tu

re
. T

hi
s 

is
 d

ue
 to

 th
e

fa
ct

 th
at

 th
es

e 
la

nd
s 

ar
e 

le
ss

 e
xp

en
si

ve
. T

hu
s,

 a
 d

i-
sa

st
er

-p
ov

er
ty

-d
et

er
io

ra
tio

n 
of

 n
at

ur
al

 r
es

ou
rc

es
cy

cl
e 

is
 e

st
ab

lis
he

d,
 w

hi
ch

 fe
ed

s 
its

el
f a

nd
 in

cr
ea

s-
es

 th
e 

vu
ln

er
ab

ili
ty

 o
f t

he
se

 m
un

ic
ip

al
iti

es
.

If 
th

e 
ev

ol
ut

io
n 

of
 e

co
no

m
ic

 lo
ss

es
 in

 th
e 

re
gi

on
is

 a
na

ly
ze

d 
ov

er
 ti

m
e,

 it
 is

 fo
un

d 
th

at
 th

es
e 

lo
ss

es
ar

e 
cy

cl
ic

al
 (

op
.c

it.
).

 T
hi

s 
m

ay
 r

ef
le

ct
 p

er
io

ds
 o

f

gr
ea

te
r 

in
te

ns
ity

 a
nd

 d
yn

am
is

m
. T

he
re

fo
re

, s
ci

-
en

tif
ic

 a
nd

 te
ch

no
lo

gi
ca

l r
es

ea
rc

h 
of

 th
e 

th
re

at
s

(c
au

se
s,

 c
ha

ra
ct

er
is

tic
s,

 fr
eq

ue
nc

y,
 in

te
ns

ity
, p

e-
rio

di
ci

ty
 a

nd
 p

ro
ba

bi
lit

y 
or

 r
is

k 
of

 o
cc

ur
re

nc
e)

 is
ve

ry
 im

po
rt

an
t f

or
 th

e 
pr

og
re

ss
 o

f p
re

ve
nt

io
n 

an
d

m
iti

ga
tio

n 
of

 d
is

as
te

r 
im

pa
ct

.

A
ll 

in
 a

ll,
 in

 e
co

no
m

ic
 te

rm
s,

 d
is

as
te

rs
 g

en
er

at
e 

an
im

po
rt

an
t d

ep
re

ci
at

io
n 

of
 p

hy
si

ca
l c

ap
ita

l (
cu

m
ul

a-
tiv

e 
pr

oc
es

se
s 

of
 in

ve
st

m
en

t e
ffo

rt
s,

 fo
r 

ex
am

pl
e,

in
 in

fr
as

tr
uc

tu
re

);
 o

f h
um

an
 c

ap
ita

l (
cu

m
ul

at
iv

e 
pr

o-
ce

ss
es

 o
f i

nv
es

tm
en

t i
n 

he
al

th
, e

du
ca

tio
n 

an
d 

op
po

r-
tu

ni
tie

s 
fo

r 
hu

m
an

 d
ev

el
op

m
en

t w
hi

ch
 a

re
 d

eg
ra

de
d

th
ro

ug
h 

lo
ss

 o
f l

ife
 a

nd
 im

pa
ct

 o
n 

pe
op

le
) 

an
d 

a 
de

-
pr

ec
ia

tio
n 

of
 n

at
ur

al
 c

ap
ita

l (
en

vi
ro

nm
en

ta
l q

ua
lit

y
an

d 
na

tu
ra

l r
es

ou
rc

es
 a

cc
um

ul
at

io
n)

.

G
ra

ph
 3

. B
re

ak
-d

ow
n 

of
 to

ta
l n

um
be

r 
of

 p
eo

pl
e

af
fe

ct
ed

 b
y 

ty
pe

 o
f d

is
as

te
r:

19
70

-2
00

2

S
ou

rc
e:

 E
la

bo
ra

te
d 

by
 M

 A
da

m
so

n 
de

 C
IE

S
A

, f
or

 A
E

C
, 2

00
3

us
in

g 
C

R
E

D
 (

20
03

).

0%
1%

11
%

43
.4

p
15

%

30
%

La
nd

sl
id

es
V

ol
ca

ni
c 

E
ru

pt
io

ns
F

lo
od

s
D

ro
ug

ht
s

E
ar

th
qu

ak
es

 a
nd

 T
re

m
or

s
H

ur
ric

an
es

 a
nd

 S
to

rm
s



T
he im

pact of disasters, m
easured in total losses,

offers an indicator of the absolute size of the dam
-

age. H
ow

ever, this inform
ation says little about

the relative im
portance of the disaster and of the

econom
ic system

's capacity to respond to this im
-

pact.

T
able 2 show

s the accum
ulated absolute value of

the losses from
 disasters in C

entral A
m

erica, and
its relationship to som

e econom
ic variables.

F
or

exam
ple, these losses account for close to half of

the foreign debt in C
entral A

m
erica. T

hus, it has
been argued (M

. A
dam

son, 2003) that disasters
lim

it or held back the developm
ent possibilities

of the region.
In this area, disasters account for

over 80%
 of exporting capacity. T

hese indicators

T
able 2. D

isasters and econom
ic im

pact
indicators

C
ategory

I
%

of losses per
disaster

S
ource: M

. A
dam

son, C
IE

S
A

, 2003, using data from
 C

M
C

A
.

C
onstant 1998 U

S
 dollars

S
ource: M

. A
dam

son. C
IE

S
A

. 2003, w
ith data from

 C
M

 C
A

.

reflect the relative size of disasters w
ith respect to

the econom
ic system

.
A

nalogously, at the m
unicipal level, indicators m

ay
be designed to show

 the absolute and relative size
of the econom

ic im
pact of disasters, such as to-

tal losses in the m
unicipality, losses by sector as a

percentage of the sectorial production in the m
u-

nicipality, etc.

T
he availability of m

unicipal social condition in-
dicators (absolute and relative) is also im

portant.
T

hese indicators (of social and econom
ic im

pact)
and their integration w

ith threat and risk indica-
tors offer an overview

 of the m
unicipality's vulner-

ability in the face of disasters. If indicators of the
econom

ic profitability of investm
ent in prevention

and m
itigation are added, the capacity (resilience)

or degree of adaptability of the m
unicipality m

ay
be evaluated.

A
. E

volution of the C
oncep-

tual F
ram

ew
ork R

egarding
D

isasters
D

ue to the profound social and econom
ic im

pact of
disasters, the international com

m
unity has m

ade
increasing efforts to search for analysis outlines
and answ

ers in order to m
inim

ize these im
pacts

and to prom
ote societies w

ith ever-increasing ca-
pacity to adapt in their response to disasters.

T
his U

P
E

-ID
R

C
 initiative is in accordance w

ith pro-
gress m

ade w
ithin the conceptual fram

ew
ork of risk

m
anagem

ent and vulnerability reduction, result-
ing from

 sum
m

it m
eetings, w

hich have stim
ulated

the evolution, system
atization and integration of

know
ledge, sound practices and the developm

ent
of m

ethodologies in this field. W
ithin this concep-

tual developm
ent, tw

o periods stand out: before
and after the W

orld C
onference at Y

okoham
a and

the m
ajor challenges faced after K

obe.

W
orld C

onference on D
isaster R

educ-
tion: "A

 S
afer W

orld in the 21st C
entu-

ry"
H

eld in Y
okoham

a (Japan) in 1994. O
ne of its aim

s
w

as to carry out a revision of progress achieved in
the first half of w

hat is know
n as the "International

D
ecade for N

atural D
isaster R

eduction" (ID
N

D
R

).
T

he C
onference congregated over 2000 partici-

pants, close to150 M
em

ber S
tates from

 the U
nited

N
ations S

ystem
 and partners of ID

N
D

R
 and its In-

ternational F
ram

ew
ork of A

ction.

D
isasters*

I
9.794

1
100%

E
xternal D

ept
20.087

I
49%

Internal D
ept

11.892
1

82%

E
xports

11.716
1.

84%

e/ C
onstant 1998 dollars, so relationships are higher.
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F
rom

 Y
okoham

a to K
obe:

A
 S

earch to O
vercom

e D
eficiencies

S
ignificantly, ten years later, the basic principles of

Y
okoham

a w
ere acknow

ledged as being currently
valid during the W

orld C
onference on D

isaster R
e-

duction held in K
obe (prefecture of H

yogo, Japan,
January 2005)3

T
he evaluation of the Y

okoham
a results, w

hich w
as

carried out before the K
obe C

onference, show
ed

that if the strategies and actions for disaster reduc-
tion are not included in national plans, the im

pact of
disasters w

ill continue to lim
it the socio-econom

ic
developm

ent of countries. It w
as pointed out in Y

o-
koham

a that it w
as im

portant that these actions
for reduction should succeed in im

proving national
capabilities and particular em

phasis w
as laid on

the local scale (U
nited N

ations. A
/C

O
N

F
. 206/ L,

2005).

B
. T

he K
obe S

um
m

it
T

he deficient areas and m
ain challenges of Y

oko-
ham

a' becam
e the m

ain subject and a priority for
progress, prom

oted by the W
orld C

onference on
D

isaster R
eduction in K

obe, Japan (2005).

T
hese deficiencies in governance and policies; eco-

nom
ic and financial risk, know

ledge, scientific and
technological m

anagem
ent; aw

areness and risk

reduction in investing and the relationship w
ith

the environm
ent and natural resources, are the

pillars on w
hich the H

yogo P
lan of A

ction is based:
T

o increase the resilience of nations and com
m

uni-
ties in the face of disasters., C

hart 2 sum
m

arizes
the objectives, the declaration, the priorities and
the P

lan of A
ction.

O
ne of K

obe's m
ain objectives w

as to com
plete the

analysis of the Y
okoham

a S
trategy and its P

lan of
A

ction, in order to update the fram
ew

ork to guide
disaster reduction in the 21st century. T

he aim
s

also returned to the provision regarding vulner-
ability reduction and risk evaluation contained in
the P

lan of Im
plem

entation of the D
ecisions of the

W
orld S

um
m

it on S
ustainable D

evelopm
ent, to a

greater aw
areness of the significance of disaster

reduction policies', and to the availability and
quality of appropriate inform

ation on disasters.

T
he C

onference established the follow
ing action

priority for the next decade: "the considerable re-
duction of loss caused by disasters, both in hum

an
lives and in social, econom

ic and environm
ental

losses in com
m

unities and countries".

A
 significant am

ount of tim
e w

as devoted to de-
bates on solutions w

hich w
ould integrate E

arly
W

arning S
ystem

s (E
W

S
) and public policies and

urban risks and on the incorporation of new
 tech-

nological solutions for E
W

S
.' T

he m
onitoring of the

aim
s established in the M

illennium
 D

eclaration

(2000) w
as significant in strengthening activities

regarding the reduction of the econom
ic and so-

cial im
pact caused by disasters w

orldw
ide in this

century. T
he C

onference em
phasized the relation-

ship w
hich appears as a link betw

een disasters
and the eradication of poverty challenge. It reaf-
firm

ed the results of the Johannesburg S
um

m
it,

indicating the need for participatory sustainable
developm

ent plans'.

3
O

ver 300 official m
em

-
bers took part (countries
and

organizations
w

ith
their delegations); am

ong
others, m

inisters, govern-
m

ent
officials,

N
on-G

ov-
ernm

ental
O

rganizations
(N

G
0s), m

ayors, represen-
tatives from

 cooperation
and

financing
agencies

and from
 technical and re-

search institutions.
A

ccording to the U
N

agreem
ent regarding the

"E
xam

ination of the Y
oko-

ham
a S

trategy and P
lan of

A
ction for a S

afer W
orld".

U
nited N

ations, (2005).

W
orld C

onference on D
isas-

ter R
eduction, K

obe, H
yogo,

Japan. P
p 6-26 and U

nited
N

ations G
eneral A

ssem
bly

R
esolution 58/214.

6
In

accordance
w

ith
pertinent provisions of the
P

lan of Im
plem

entation of
the D

ecisions of the W
orld

S
um

m
it

on
S

ustainable
D

evelopm
ent, held in Jo-

hannesburg (S
outh A

frica),
from

 26 A
ugust to 4 S

ep-
tem

ber 2002.
7

D
ue to the great im

pact
of the tidal w

ave w
hich oc-

curred in the Indian O
cean

on 26 D
ecem

ber 2004.
A

m
ong

other
things,

it
highlighted

the fact
that

E
W

S
 centred on hum

an
beings are tools w

hich aid
the achievem

ent of a pre-
ventive culture, as w

ell as
evaluations regarding risk,
education and pro-active
approaches, w

hich are in-
tegrated,

m
ulti-sectoral

and forew
arning of m

ultiple
dangers.
8

Including national and
local governm

ents, f inan-
cial

institutions, regional
and international organiza-
tions, civil society, N

G
05,

volunteers,
the

private
sector and the scientif ic
com

m
unity, am

ong others.

M
ethodological G

uide for the C
onstruction of the S

IG
A
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F
rom

 the public policy point of view
 of, the S

um
m

it
highlighted the significant role the S

tate m
ust play

in protecting the population and its possessions
in the face of danger. It reiterated the Y

okoham
a

pronouncem
ent on the im

portance of prom
oting a

culture of disaster prevention and proposed that
preventive strategies m

ust becom
e a central part

of each nation's public policies regarding risk re-
duction.

T
he S

um
m

it granted a central role to the high po-
tential perceived in the increase of local adapt-
ability or resilience in the face of disasters, w

hich
w

as classed as a "very solid investm
ent", that is,

it is highly profitable in econom
ic term

s.

A
ll of the above resulted in a call for the adoption

of adequate disaster reduction m
easures, aim

-
ing at an increase in the capabilities of develop-
ing countries through technical and financial as-
sistance, due to the fact that these countries are
the m

ost vulnerable, via planning and bilateral,
regional and international cooperation.

T
he H

yogo P
lan of A

ction approved for 2005-2015
urges the m

onitoring of the achievem
ents based

on the International S
trategy for D

isaster R
educ-

tion (IS
D

R
), and establishes the need to create

indicators to m
onitor the progress of risk reduc-

tion activities. D
efining the action priorities w

as
a valuable contribution, as w

as also the extensive
details of the P

lan, w
hich em

phasizes actions at

M
ethodological G

uide for the C
onstruction of the S

IG
A

the local level. T
he appendix provides a sum

m
ary

of the m
ain item

s of the P
lan of A

ction.

C
. P

ost-K
obe C

hallenges
T

he S
um

m
it achieved its purpose of offering a

conceptual fram
ew

ork to m
ake progress in disas-

ter reduction in the new
 century. H

ow
ever, defi-

cient areas persist w
hich represent significant op-

portunities and com
plem

entarities, in w
hich sm

all
advances w

ould generate notable benefits in vul-
nerability reduction, both at the national and local
level. B

ox 2 show
s a sum

m
ary of the m

ain post-
K

obe challenges and opportunities.

It is w
ithin the fram

ew
ork of this evolution in thought

and under the influence of its principles that the
Integrated S

ystem
 for M

unicipal E
nvironm

ental
M

anagem
ent (S

IG
A

) em
erges as a tool w

hich com
-

bines elem
ents for m

unicipal m
anagem

ent of vul-
nerability reduction, through the identification of
threats and their risks interacting w

ith the environ-
m

ent, populations and econom
ic activities.
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 v

er
ify

in
g

su
cc

es
s 

in
 m

ea
tin

g 
th

es
e 

m
aj

or
 c

ha
lle

ng
es

is
 v

er
y 

di
ffi

cu
lt 

an
d 

un
lik

el
y,

 a
nd

 s
o 

is
 th

e
im

pl
em

en
ta

tio
n 

of
 r

em
ed

ia
l a

ct
io

n 
fo

r 
fa

c-
in

g 
th

em
 s

uc
ce

ss
fu

lly
.

S
ou

rc
e:

 M
. A

da
m

so
n,

 2
00

7.
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da
m
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n.

 C
ha

p.
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 M

.
A

da
m

so
n.

 C
IE

S
A

 fo
r 

A
C

S
.

A
ná

lis
is

 d
e 

fo
nd

os
 n
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io
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le

s
en

 A
m

ér
ic
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La

tin
a 

y 
el
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ar

i-
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, e
n 

E
st

ud
io

 d
e 

F
ac

tib
ili

da
d

F
in

an
ci

er
o 

y 
E

co
nó

m
ic

o 
pa

ra
un

 F
on

do
 d

e 
R

ec
on

st
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ci
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os
t-

D
es

as
tr

es
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00
3.

("
A

na
ly

si
s 
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 n

at
io

na
l f

un
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La

tin
 A

m
er

ic
a 

an
d 

th
e 

C
ar

ib
-

be
an

, i
n 

a 
F

in
an

ci
al

 a
nd

 E
co

-

no
m

ic
 F

ea
si

bi
lit

y 
S

tu
dy

 fo
r 

a
P

os
t-

D
is

as
te

r 
R

ec
on

st
ru

ct
io

n
F

un
d.

 2
00

3)
. T

he
 s

tu
dy

 u
se

d
a 

sa
m

pl
e 

of
 1

7 
LA

C
 c

ou
nt

rie
s.

lo
W

he
n 

so
m

e 
of

 th
e 

su
b-

re
gi

on
s 

ar
e 

an
al

yz
ed

, a
s 

in
th

e 
ca

se
 o

f C
en

tr
al

 A
m

er
i-

ca
, e

xi
st

in
g 

fu
nd

s 
ar

e 
on

ly
su

ffi
ci

en
t t

o 
co

ve
r 

0.
1%

of
 th

e 
re

po
rt

ed
 e

co
no

m
ic

lo
ss

es
, t

ha
t i

s,
 th

ey
 o

nl
y

co
ve

r 
a 

th
ou

sa
nd

th
 p

ar
t

of
th

e 
da

m
ag

e 
ca

us
ed

.
E

ve
n 

in
 r

eg
io

ns
 w

ith
 m

or
e

at
tr

ac
tiv

e 
fu

nd
in

g
in

fi-
na

nc
ia

l t
er

m
s,

 s
uc

h 
as

 th
e

G
-3

, r
ep

or
te

d 
fu

nd
s 

on
ly

co
ve

r 
4%

 o
f t

he
 e

co
no

m
ic

lo
ss

es
.

11
 T

he
 0

-3
's

 n
at

io
na

l f
un

ds
ac

co
un

t f
or

 9
7%

 o
f a

va
il-

ab
le

 fu
nd

s 
in

 th
at

 r
eg

io
n 
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LA

C
.

D
. E

co
no

m
ic

 a
nd

 fi
na

nc
ia

l
m

an
ag

em
en

t f
or

 r
ed

uc
in

g
vu

ln
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ili
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 a

t t
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 m
un
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-
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al

 le
ve

l
A

 c
ou

nt
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 e

xp
er

ie
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e 
in

 e
co

no
m

ic
 a

nd
 fi

na
nc

ia
l

m
an

ag
em

en
t o

f d
is
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te

rs
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 a
 v

al
ua

bl
e 

m
od

el
 w

hi
ch

m
us

t b
e 

co
ns

id
er

ed
 w

he
n 

an
al

yz
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g 
th

e 
po

ss
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ili
-
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s 

of
 p

re
ve

nt
io

n 
m

an
ag

em
en

t a
nd

 v
ul

ne
ra

bi
lit

y
re

du
ct

io
n 

in
 lo

ca
l g

ov
er

nm
en

ts
 in

 g
en

er
al

.

B
el

ow
, a

 s
um

m
ar

y 
is

 g
iv

en
 o

f t
he

 m
ai

n 
de

fic
ie

nc
ie

s
in

 e
co

no
m

ic
 a

nd
 fi

na
nc

ia
l m

an
ag

em
en

t o
f d

is
as

-
te

r 
re

du
ct

io
n 

fo
un

d 
in

 L
A

C
 c

ou
nt

rie
s 

(A
da

m
so

n,
20

03
):

Li
m

ite
d 
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tit
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 O

nl
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of
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un
tr
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l f
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ili
ty

 o
r 

a 
fu
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 w
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ch
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 s
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-
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d 
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 s
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'

Li
m

ite
d 

S
iz

e.
 R

es
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rc
es

 in
 th
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e 

fu
nd

s 
ar

e 
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ly
su

ffi
ci

en
t t

o 
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r 

2%
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f t
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 e
co
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m
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 lo
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.'

C
on

ce
nt

ra
tio

n 
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 F
un

ds
. T

he
 g

re
at

 m
aj

or
ity

 o
f r

e-
so

ur
ce

s 
av

ai
la

bl
e 
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 th
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e 

fu
nd

s 
ar

e 
co

nc
en

tr
at

ed
in

 v
er

y 
fe

w
 r

eg
io

ns
.

S
ca

rc
e 

D
iv

er
si

fic
at

io
n.

 T
he

 li
m

ite
d 

fin
an

ci
al

 fa
-

ci
lit

ie
s 

av
ai

la
bl

e,
 in

 o
ve

r 
90

%
 o

f t
he

 c
as

es
, a

re
re

st
ric

te
d 

to
 p

os
t-

di
sa

st
er

 fu
nd

s 
(d

ea
lin

g 
w

ith
em

er
ge

nc
ie

s 
or

 m
iti

ga
tio

n)
. E

co
no

m
ic

 a
nd

 fi
na

n-

[1
4]

ci
al

 in
st

ru
m

en
ts

 fo
r 

vu
ln

er
ab

ili
ty

 r
ed

uc
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n 
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e
no

n-
ex

is
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 fe

w
, s

uc
h 
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 th
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e 

de
si
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 p

ro
m

ot
e 

In
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st
m

en
t i

n 
P

re
ve

nt
io

n 
an

d 
M

iti
ga

-
tio

n.

In
su

ffi
ci

en
t f

in
an

ci
al

 m
an

ag
em

en
t o

f f
un

ds
 a

nd
re

de
pl

oy
m

en
t o

f r
es

ou
rc

es
. M

uc
h 

of
 th

es
e 

fu
nd

s
is

 o
pe

ra
te

d 
in

 a
 c

as
ua

l a
nd

 a
d-

ho
c 

m
an

ne
r,

 li
m

ite
d

to
 a

 s
im

pl
e 

cu
rr

en
t a

cc
ou

nt
 w

ith
 m

in
im

um
 fi

na
n-

ci
al

 e
ng

in
ee

rin
g.

T
he

ir 
fr

ag
ili

ty
 m

ak
es

 th
em

 e
as

y 
pr

ey
. A

s 
th

er
e 

is
no

 d
iv

er
si

ty
 o

f e
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m

ic
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nd
 fi

na
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l i

ns
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en
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m
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l d
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 r
is
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,

w
he

n 
fa

ce
d 

w
ith

 fi
sc

al
 d

ef
ic

it,
 th

os
e 

in
 c

ha
rg

e 
of

pu
bl

ic
 fu

nd
s 

ha
ve

 c
ho

se
n 

to
 r

ed
ep

lo
y 

ac
cu

m
u-

la
te

d 
re

so
ur

ce
s.

 T
hi

s 
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 d
on

e 
in
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rd

er
 to

 c
ov

er
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he
r 

pr
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s 
du
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g 
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st
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re
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pe
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hu

s
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g 
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pr
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m
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l d
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w
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cu
m
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 p
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 d
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 p
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l p
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 p
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ra
l, 
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m
en
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n
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e 
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of

 p
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e
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no
m
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l p
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at
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 p
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 p
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 c
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at
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 p
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as w
ell as w

ith local and com
m

unal resources. It
is evident that international donations and assis-
tance are becom

ing m
ore and m

ore lim
ited.'

M
unicipal econom

ic and financial m
anagem

ent of
prevention m

ust incorporate these lessons in or-
der to avoid repeating them

 on a local scale. It is
not the object of this m

anual to go into these m
at-

ters in depth, but they do, how
ever, help the S

IG
A

to becom
e an effort w

hich generates activities
and results to effectively create greater capacity
of adaptation or resilience in the face of disasters
in m

unicipalities.

Investm
ent in M

unicipal P
revention and M

itigation
(IM

P
M

) then becom
es a significant tool to aid the

process of increasing local capacity or resilience, in
view

 of the lim
ited and interm

ittent resources being
used. T

he potential of IM
P

M
 is increased due to the

few
 resources available to m

inim
ize post-im

pact,
w

hich do not cover m
ore than 2%

 of the econom
ic

losses.

T
hus, if m

unicipalities are not able to develop their
ow

n econom
ic m

anagem
ent capacity for disasters,

based on the use of econom
ic instrum

ents and
m

echanism
s endogenous to their local econom

ic
activity, it w

ill be very difficult, if not im
possible, for

them
 to reduce their risk and vulnerability levels.

T
his is due to the fact that they w

ill no longer be able
to finance investm

ent in a sustained w
ay to achieve

greater resilience.

T
he IM

P
M

 has show
n to have very high socio-eco-

nom
ic profitability, but in spite of this, there is a

significant delay in aligning developm
ent strate-

gies and public and private IP
M

, m
ainly because of

the inexistence of profitability evaluation.

Local governm
ents base their financing on tax col-

lection (on properties, for exam
ple) and on the col-

lection of duties and rates (com
m

ercial, patents, m
u-

nicipal services, etc.).

A
n efficiently m

anaged IM
P

M
 w

ill not only be highly
profitable from

 the point of view
 of the econom

ic
valuation of the benefits generated by the popula-
tion w

ith relation to their cost, but it w
ill also have

a m
ultiplying effect on the value of land and goods

in the investm
ent's area of influence. T

his w
ill in

the end result in a better financial balance for the
m

unicipality

H
ow

 can the m
unicipality's threats, vulnerabilities

and risks be determ
ined? W

here are they located
and how

 are they related to population groups
and to productive activities? H

ow
 can it be deter-

m
ined w

hich areas of the m
unicipality require a

greater IM
P

M
? A

s w
ill becom

e apparent below
, it

is precisely the justification and raison d'être of
the S

IG
A

 to find the answ
ers to these and other

questions.

M
ethodological G

uide for the C
onstruction of the S

IG
A

[15]

12
C

ountries are m
ainly

financing
post-im

pact
by m

eans of
their ow

n
resources from

national
funds (25%

), in the second
place, through redeploy-
m

ent of governm
ent funds

(20%
); local and com

m
u-

nal resources (10%
) and

N
G

O
 support (5%

), w
ith

international
cooperation

am
ounting

to 16%
 and

finally donations account-
ing for 13%

. E
xternal loans

barely am
ount to 7%

. (A
d-

am
son, M

., C
IE

S
A

, 2003,
op cit.).
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2. W
H

A
T

 IS
 T

H
E

 S
IG

A
?

F
rom

 the m
ethodological point of view

: it is a tool
w

hich uses an integrated approach for the identifi-
cation and analysis of disaster threats, vulnerabili-
ties and risks, as w

ell as their inter-relationship, on
a m

unicipal scale.

T
he S

IG
A

 incorporates the m
ain factors w

hich
determ

ine the threats to w
hich a m

unicipality is
exposed (natural threats and those w

hich result
from

 or are exacerbated by the social and eco-
nom

ic system
); as w

ell as existing links betw
een

the risk of the threat m
aterializing and m

unicipali-
ties' vulnerability. T

he above is closely related to
social and econom

ic factors. A
m

ong other possi-
bilities, the S

IG
A

 allow
s the generation of them

atic
m

aps and reports w
hich can be prepared from

 the
analysis of S

IG
A

 inform
ation.

F
rom

 an econom
ic view

point, the S
IG

A
 is a pre-

investm
ent in m

unicipal prevention and m
itigation

process, w
ith the ultim

ate aim
 of strengthening

m
ore sustainable m

unicipal developm
ent, w

ith im
-

proved know
ledge regarding environm

ental sur-
roundings being gained as the S

IG
A

 develops. It is
a pre-investm

ent process, since it precedes invest-
m

ent execution processes.

F
rom

 the point of view
 of m

unicipal decision m
ak-

ers, once the S
IG

A
 has been designed and installed

in the m
unicipality, it becom

es a value added body
of inform

ation, w
hich w

ill allow
 for the evaluation

of alternatives, easily com
plem

ented by the use of

indicators regarding econom
ic, social, and m

unici-
pal finance profitability (tax collection and other
incom

e). T
he aim

 of all of the above is to provide
technical nourishm

ent for decision-m
aking in IP

M
processes in strategy planning for risk reduction
and vulnerability. T

his contributes to increasing the
levels of resilience or adaptability and to reducing
econom

ic and social loss in the m
unicipality w

hen
faced w

ith disasters.

F
rom

 the point of view
 of a conceptual fram

ew
ork

on disasters: the S
IG

A
 is an attem

pt at capturing and
system

atizing essential aspects of the evolution and
developm

ent of the conceptual fram
ew

ork achieved
throughout several decades and sum

m
arized in the

D
isaster R

eduction C
onferences (Y

okoham
a and

K
obe). It introduces an integral conception w

hich
seeks to reduce the im

pact of disasters and the im
-

provem
ent of capabilities to increase com

m
unities'

capacity to adapt (resilience) at the m
unicipal level.

T
he S

IG
A

 introduces a balance betw
een the techno-

cratic aspect of the threat and the social aspect of
vulnerability. T

he form
er is based on the identifica-

tion of threats and their m
easurem

ent, supported
by inform

ation provided by technology and scien-
tific findings w

hich seek to im
prove understanding

of extrem
e events. T

he vulnerability prevention
and reduction approach recognizes that the disas-
ter problem

 is not rooted m
erely in the presence of

natural events, but also in the undesirable im
pacts

w
hich m

ust be m
inim

ized. It also depends to a large

extent on the location, society and econom
ic sys-

tem
s in w

hich the disaster takes place.

B
ecause of this, the S

IG
A

 presents different units
of inform

ation: depending on the type of threat (hy-
drom

eteorological, tectonic, technological); a geo-
physical inform

ation unit, a social and econom
ic in-

form
ation unit, a unit on the use of land and another

on the infrastructure of lifelines and services.

T
hese units

reflect a broad understanding of
term

s, in w
hich geophysical events, such as earth-

quakes, constitute disasters in as m
uch as they

affect the econom
ic and social system

s located
in a given territory. F

urtherm
ore, this interpreta-

tion includes disasters resulting from
 the various

activities related to the econom
ic system

, such as
production plans, the use of natural resources and
soil; or technological disasters such as leakages of
dangerous or contam

inating chem
icals.

F
rom

 the m
onitoring point of view

: the S
IG

A
 of-

fers a concrete tool in response to the K
obe appeal

for the developm
ent of m

easurable and related
indicators in term

s of threats, risks and vulner-
ability.

It explicitly includes issues of poverty and
distribution, presented in the shape of them

atic
m

aps, reports and analyses, as w
ell as specific

variables of interest.

A
s m

ay be seen in C
hart 3, the S

ystem
 does not

attem
pt to offer m

ethodologies for the m
aking

M
ethodological G

uide for the C
onstruction of the S

IG
A

[17]



of
 d

ec
is

io
ns

 a
t t

he
 m

un
ic

ip
al

ity
 le

ve
l. 

T
he

se
 w

ill
de

pe
nd

 o
n 

th
e 

in
te

rn
al

 p
rio

rit
ie

s 
id

en
tif

ie
d 

by
 th

e
m

un
ic

ip
al

ity
 in

 r
el

at
io

n 
to

 th
e 

se
rv

ic
es

 a
nd

 p
ro

j-
ec

ts
 w

hi
ch

 it
 p

ro
po

se
s 

to
 d

ev
el

op
, a

nd
 o

n 
th

e 
st

at
e

of
 it

s 
ec

on
om

ic
 r

es
ou

rc
es

 (
hu

m
an

, i
nf

ra
st

ru
ct

ur
e,

pr
oc

es
se

s 
an

d 
fin

an
ci

al
 d

ep
en

di
ng

 o
n 

th
e 

m
un

ic
i-

pa
lit

y'
s 

fu
nd

s)
. H

ow
ev

er
, t

he
 S

IG
A

 d
oe

s 
ha

ve
 th

e
ca

pa
ci

ty
 to

 s
ho

w
 d

ec
is

io
n 

m
ak

er
s 

th
e 

ov
er

la
pp

in
g

ar
ea

s 
in

 w
hi

ch
, f

or
 e

xa
m

pl
e,

 a
ct

io
ns

 o
n 

ed
uc

at
io

n,
m

un
ic

ip
al

 in
fr

as
tr

uc
tu

re
 a

nd
 v

ul
ne

ra
bi

lit
y 

re
du

c-
tio

n 
co

m
pl

em
en

t a
nd

 r
ei

nf
or

ce
 e

ac
h 

ot
he

r.

A
 d

ia
gr

am
 o

f t
he

 b
as

ic
 S

IG
A

 p
rin

ci
pl

es
 a

nd
 fo

un
da

-
tio

ns
 fo

r 
su

pp
or

t i
s 

sh
ow

n 
ne

xt
. T

he
se

 p
rin

ci
pl

es
co

rr
es

po
nd

 to
 th

os
e 

w
hi

ch
 u

ph
el

d 
th

e 
kn

ow
le

dg
e

fr
am

ew
or

k 
in

 Y
ok

oh
am

a 
an

d 
K

ob
e,

 a
nd

 s
ee

k 
to

m
ak

e 
a 

pr
ag

m
at

ic
 c

on
tr

ib
ut

io
n 

to
 p

ro
gr

es
s 

in
 p

ri-
or

ity
 a

re
as

 a
nd

 r
eg

ar
di

ng
 th

e 
ch

al
le

ng
es

 p
re

vi
-

ou
sl

y 
id

en
tif

ie
d.

T
he

 S
IG

A
 P

rin
ci

pl
es

P
la

nn
in

g 
fo

r 
su

st
ai

na
bi

lit
y 

an
d 

in
cr

ea
se

d 
re

si
l-

ie
nc

e.
 T

he
 S

IG
A

 a
pp

ro
ac

h 
es

ta
bl

is
he

s 
ge

ne
ra

l m
et

h-
od

ol
og

ic
al

 fo
un

da
tio

ns
 to

 o
bt

ai
n 

te
ch

ni
ca

l p
ro

du
ct

s
an

d 
in

pu
t t

ha
t w

ill
 n

ou
ris

h 
in

 a
 p

ra
ct

ic
al

 m
an

ne
r 

th
e

de
ci

si
on

-m
ak

in
g 

pr
oc

es
se

s 
re

ga
rd

in
g 

in
ve

st
m

en
t

pl
an

ni
ng

 in
 p

re
ve

nt
io

n 
an

d 
m

iti
ga

tio
n.

M
un

ic
ip

al
In

fo
rm

at
io

n 
M

od
ul

e

H
yd

ro
m

et
eo

ro
lic

a

C
ha

rt
 3

. S
IG

A
 S

ch
em

at
ic

 D
ia

gr
am

T
hr

ea
ts

T
ec

to
ni

c

T
hr

ea
ts

 -
 V

ul
ne

ra
bi

lit
y 

- 
R

is
ks

D
ec

is
io

n 
T

ak
in

g 
P

ro
ce

ss

T
ec

hn
ol

og
ic

al Li
fe

lin
es

 a
nd

 S
er

vi
ce

s

R
oa

d 
N

et
w

or
k

W
at

er

E
ne

rg
y

S
ew

er
ag

e

T
ra

ns
po

rt

T
he

m
at

ic
M

ap
s 

by
V

ar
ia

bl
e j

G
eo

ph
ys

ic
al

 S
ys

te
m

S
oc

io
-E

cn
on

om
ic

 S
ys

te
m

La
nd

 U
se

A
lti

m
et

ry
D

em
og

ra
ph

y
U

rb
an

R
ur

al

H
yd

ric
 B

as
in

s
H

ou
si

ng
R

es
id

en
tia

l
A

gr
ic

ul
tu

re
1

L_
G

eo
lo

gy
W

el
fa

re
 a

nd
 (

H
um

an
)

D
ev

el
op

m
en

t
P

ub
lic

Li
ve

st
oc

k

In
du

st
ria

l
M

in
in

g
G

eo
m

or
ph

ol
og

y
P

ro
du

ct
io

n 
an

d 
In

ve
st

m
en

t
C

om
m

er
ci

al
F

or
es

tr
y

H
yd

ric
 N

et
w

or
k

Lo
ss

 d
ue

 to
 D

is
as

te
rs

P
ar

ks
P

ro
te

ct
ed

A
re

as

T
he

m
at

ic
M

ap
s 

by
V

ar
ia

bl
e

C
om

po
un

d
G

eo
ph

ys
ic

al
C

od
es

T
he

m
at

ic
M

ap
s 

by
V

ar
ia

bl
e

C
om

po
un

d
S

oc
io

-
E

co
no

m
ic

C
od

es

T
he

m
at

ic
M

ap
s 

by
V

ar
ia

bl
es

[1
8]



T
hese inputs contribute to m

edium
 and long term

territorial m
anagem

ent, in order to facilitate risk
reduction and vulnerability at the local level (in this
case, the m

unicipal level) and thus increase resil-
ience.

T
erritoriality. S

ituations involving risk and/or en-
vironm

ental disasters becom
e apparent w

ithin
a territory. A

 territory is the physical-tem
poral

space in w
hich inter-connections am

ong diverse
social actors, current cultural standards (pres-
ent-day, ancestral, and acquired) and the physical-
natural environm

ent w
hich they inhabit becom

e
apparent.

A
nalytical and system

ic vision. T
he environm

ent
is com

posed of m
ultiple variables and interactions.

It is a system
 and responds in a unique m

anner to
external stim

uli. In order to understand the envi-
ronm

ent's organic w
orkings, analytical know

ledge
of the variables and their interactions is neces-
sary, so that the central elem

ents required to re-
duce vulnerability and its associated risks can be
determ

ined. T
he S

IG
A

 facilitates the incorporation
of advances in know

ledge and spatial inform
ation

(aerial photography, satellite im
ages and inform

a-
tion derived from

 other spatial sensors) in order to
achieve a better understanding of these interac-
tions and variables.

D
isaster-environm

ent-poverty cycle. T
he S

IG
A

system
 is based on the sim

ultaneous incorporation

of
physical-natural environm

ental factors
(geo-

m
orphs, geology, hydrography, etc.) w

ith social fac-
tors (poverty, incom

e distribution and other socio-
econom

ic indicators) and institutional fram
ew

ork
factors, in order to analyze the problem

 w
ith a global

vision and detect the poverty-natural resources deg-
radation-disasters feedback cycles.

Integrality. T
he S

IG
A

 approach attem
pts to incor-

porate scientific-technical know
ledge, popular w

is-
dom

 and the experience of the various actors and
social sectors (official organizations, civil society,
the academ

ic sector, enterprises), by m
eans of the

inclusion of inform
ation in its database, in spite of

the varied origin of the inform
ation and the varying

spatial scales to be included. In this sense, the S
IG

A
offers a tool w

hich goes beyond the technocratic
and geophysical vision of disasters, including the
know

ledge of social science.

P
articipation. In keeping w

ith the above and tak-
ing into account the processes of decentralization
andin som

e casesthe consolidation of dem
ocra-

cy in m
unicipal m

anagem
ent w

hich is taking place
in the region, the S

IG
A

 approach contem
plates

and prom
otes the broadest participation of actors

and sectors involved in the search for solutions to
the problem

s involved in environm
ental m

anage-
m

ent of the territory.

T
ransparency. T

he product generated through
the S

IG
A

 allow
s all social actors to participate in

its generation and have access to inform
ation. In

consequence, it allow
s influence on decision-m

ak-
ing, adapting to the realities and requirem

ents of
society, thus guaranteeing the transparency of
m

unicipal m
anagem

ent. F
urtherm

ore, it prom
otes

w
ider circulation of inform

ation on the levels
of vulnerability of assets and, in general, on the
w

hole system
 and the econom

ic agents of the m
u-

nicipality.

C
ontinuity. T

he S
IG

A
 generation process takes

tim
e; its variables are dynam

ic, both tem
porally

and spatially. T
herefore, the S

IG
A

 anticipates con-
tinuous inform

ation updating m
echanism

s through
the Inform

ation M
anagem

ent U
nit and com

m
unal

validation of these m
echanism

s by m
eans of par-

ticipatory w
orkshops.

A
im

s of the
M

ethodological G
uide

T
o initiate m

unicipal technicians in the discussion
and m

anufacture of the S
IG

A
, for w

hich the vari-
ous m

ethodological phases proposed for setting
up the S

IG
A

 (collection, input, processing and cre-
ation of indicators) m

ust be com
plied w

ith. T
hese

phases are exhaustively described in the M
anual

available on the Internet at w
w

w
.idrc.ca/upe.

M
ethodological G

u de for the C
onstruction of the S

IG
A

[19]
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3. P
H

A
S

E
S

 IN
 T

H
E

 C
O

N
S

T
R

U
C

T
IO

N
 O

F
 T

H
E

S
IG

A

T
his M

ethodological G
uide develops the different

phases required for the im
plem

entation of the
S

IG
A

. T
he details are show

n below
:

It is im
portant to keep in m

ind that the S
IG

A
 is a

m
ethodological tool that generates products to

nourish the decision-m
aking process, w

ith the
aim

 of reducing vulnerability and risk levels for
the population, as w

ell as for the m
unicipality's

assets.

T
he decision-m

aking process depends upon the
Local G

overnm
ent's type of structure, local inter-

est groups, the governm
ent's perspectives, and

the m
unicipality's com

plexity and the challenges
it faces. T

herefore, the m
aking of decisions at the

planning and execution level is com
plex. It is not

the intention of the S
IG

A
 to put forw

ard the naT
ve

notion that the m
ere availability of its products w

ill
m

ake the planning process, even regarding pre-
vention and m

itigation, take place spontaneously.
A

s the above diagram
 show

s, this m
anual does not

deal w
ith decision-m

aking process m
ethodology.

T
hat is in itself a planning and decision process

area w
hich is beyond the scope of this m

anual.

C
hart 4. S

IG
A

 elaboration process

M
ethodological G

uide for the C
onstruction of the S

IG
A

[21]
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 m
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Links w
ith other Institutions

P
erm

its know
ledge of the institutional status re-

garding com
petencies, hum

an and technical re-
sources available, experience and levels of coordi-
nation w

ith other departm
ents of the m

unicipality
itself and external institutions.

T
able 4.

Inform
ation M

anagem
ent U

nit (Im
U

)
T

he Inform
ation M

anagem
ent U

nit w
ill com

prise
technicians and adm

inistrators related to each
m

unicipal them
atic area (technicians, m

anagers).
T

he tasks it carries out are the follow
ing:

IM
U

 D
uties:

T
o gather and process the inform

ation required
to generate the S

IG
A

.

T
o keep the system

 updated.

T
o define the general and specific aim

s of the
S

IG
A

.

T
o establish contacts w

ith other governm
ental

offices (other m
unicipalities, m

inistries, head
offices) and w

ith social actors (N
G

05, the aca-
dem

ic sector and the business sector).

T
o advise the m

unicipal governm
ent on subjects

directly related to threats, vulnerability, and en-
vironm

ental risk, as w
ell as on the draw

ing up of
the territory's environm

ental regulatory plans,
if required.

It should be pointed out that the proposed IM
U

has no pow
er of decision nor does it act as an

em
ergency com

m
ittee or any sim

ilar body in
critical situations.

G
eneral aim

s of the im
plem

entation of
the S

IG
A

T
he general aim

s of the im
plem

entation of the
S

IG
A

 m
ethodology should be established by the

Inform
ation M

anagem
ent U

nit in each m
unicipal-

ity, keeping in m
ind the nature of the threat(s) and

the vulnerable population potentially affected.

It is advisable to define short, m
edium

 and long
term

 objectives. It is also necessary to establish
goals linked to each objective, to m

onitor the pro-
cess's progress and to evaluate its fulfillm

ent.

Q
uestions for IM

U
 technicians to ask prior to the

creation of the S
IG

A
:

1
W

hich are the perm
anent or m

ore frequent
natural or social threats in the action area or
surroundings of m

y m
unicipality? W

hat is their
degree of intensity?

2 W
hich social groups (age, sex, econom

ic level,
etc.) and locations (city neighborhoods, sm

all
tow

ns, villages, ham
lets, etc.) are affected?

3 W
hich territories and infrastructures

(road
netw

ork, electric pow
er grid, sew

er system
s,

etc.) are dam
aged w

hen this (these) threat(s)
m

aterialize(s)?

4 W
hat resources (hum

an, econom
ic, technical)

are currently available to m
y m

unicipality in or-
der to face these events?

5 H
ow

 does m
y m

unicipality organize itself w
hen

faced w
ith these events? Is there usually coor-

dination w
ith neighboring m

unicipalities or w
ith

other adm
inistrative levels (for exam

ple: M
inis-

tries)?

6 Is there coordination w
ith local social organiza-

tions? If there is, how
 is it carried out?

7 W
hat inform

ation m
ust I have access to in view

of the threat(s) indicated?

F
or exam

ple, in the case of floods: rainfall re-
cords, soil characteristics, use of soil, records of

m
ethodological G

uide for the C
onstruction of the S

IG
A
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B
asic C

overage in setting up
the S

IG
A

S
tage 1. G

eophysical S
ystem

In this firstG
eophysicalstage, inform

ation about the
m

unicipal territory is com
piled, produced and entered:

R
iver basins and hydric netw

orks (w
atercourses), land

elevations (height of terrain), geology and soil.

T
his first unit allow

s the identification of areas fre-
quently exposed to intense natural events, such as:
floods, landslides and earthquakes, am

ong others.

S
tage 1. G

eophysical S
ystem

N
ational B

oundary

-.141.111!
ir

'O
ff

'11111,411.

"N
i4Fom

tpii.
,.1,46 tor

-

M
unicipal B

oundary
D

igitalization of poligon w
ith the lim

it:
national, departm

ental and m
unicipal.

Initial coverage. T
he D

epartm
ental B

oundary is
digitalized in it.

A
 general poligon is draw

n w
ith the boundary:

D
epartm

ental

M
unicipal

T
he system

 of coordinates is used by the na-
tional geographic service (cartographic coordi-
nates: X

, Y
, Z

)

It is necessary to w
ork w

ith the sam
e system

 of
coordinates on all m

aps, this allow
s the cross-

ing of different coverages.

..ar4 M
U

M
/

1,01,)
(riviratsrm

,ro,co...,1111t;

T
he m

unicipal coverage w
ill be used as a

fram
e for future coverage.

M
ethodological G

uide for the C
onstruction of the S

IG
A

[25]
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W
atercourses originate in high areas (hills, m

oun-
tains, etc.) and as they descend into the valley, they
are joined by spring originated courses, m

aking up
larger w

atercourses know
n as hydric netw

orks or
drainage netw

orks.

O
n topographic m

aps, w
atercourses are sym

bol-
ized by m

eans of blue dotted lines (
) for creeks

and interm
ittent stream

s or blue unbroken lines
for stream

s and rivers (---).

D
igitization. S

prings are draw
n first, w

ith the
line m

ode tool.

D
igitization of the H

ydric N
etw

ork. Lines are
draw

n. W
atercourse springs are draw

n first, us-
ing the topographic m

ap as a m
odel. A

s show
n in

the picture, at the end of each river section, the
program

 creates an associated table, to w
hich

the technician adds new
 fields in the shape of

colum
ns.

T
able 5.

F
ig. 2. D

igitalization of the H
ydric N

etw
ork, using inform

ation from
 the 1:50.000 topographic

chart of a hydric basin R
ío S

an P
edro. M

unicipio de C
ondega. D

epartam
entode E

stelí, N
icaragua

R
ed N

ance

Leyenda

o2C
uem

.oncInca.

R
epública de N

icaragua

M
ethodological G

uide for the C
onstruction of the S

IG
A

[27]

A
ssociated T

able to the H
ydric N

etw
ork coverage,

A
tributos de R

edbidrica.shp
137101

to w
hich fields (colum

ns) are added w
ith relevant

inform
ation.
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Inform
ation about m

axim
um

 and m
inim

um
 eleva-

tions and length of w
atercourses is obtained from

the topographic m
ap, in order to com

plete the in-
form

ation and calculate slopes.

It
is recom

m
ended that the table be built up

gradually in an orderly m
anner, for each hydric

netw
ork. T

his m
akes it possible to check the digi-

tization process, correct errors and avoid infor-
m

ation gaps.
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S
tep 2. A

ltim
etry. C

opy the contours from
W

hy is it useful to cover contour lines?
T

o determ
ine altim

etric levels.

the topographic m
ap.

T
o separate hydrographic basins, so that rainfall

B
asic input for a them

atic m
ap of the m

ain geo-

C
ontours are lines of equal height. H

eight is sym
-

divisions m
ay be identified.

m
orphs, w

ith the aid of aerial photographs.

bolized on topographic m
aps by m

eans of dark and
T

o calculate the gradient of w
atercourses and

light-toned sepia lines. D
ark contour lines, know

n
hillsides.

as "m
aster" or "m

ain" lines, every 100 m
eters and

"com
m

on" or "secondary" contours every 20 m
e-

A
s an input for a 3-dim

ensional m
odel, if the ap-

ters.
propriate program

 is available.

D
igitization

Is begun along the closed contours repre-
senting higher areas. U

se of the polygon t
or the line tool

is recom
m

ended.

W
hen closing the contour polygon, the program

creates an associated table, to w
hich new

 fields
(colum

ns) containing the spot height of the ter-
rain m

ay be added m
anually.

T
his coverage takes up a great deal of digitization

tim
e, so it is suggested that negotiations w

ith a
sim

ilar state organization should be undertaken in
order to obtain it.

C
orrection of digitization errors.

ID
. A

utom
atic Identification

S
pot H

eight. T
he elevation of a contour, num

ber
of vertical m

etres above sea level; this inform
ation

is obtained from
 the topographic m

ap. M
aster or

m
ain contours every 100 m

eters.
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S
tudy the picture above. D

etail of the basin bound-
ary outline, w

ith contour lines.

D
ivision of the territory into river basins facilitates

the analysis of the w
ater system

's behavior, allow
-

ing calculation of surface runoff, infiltration and
perm

eability, as w
ell as w

ater conservation status,
w

hen inform
ation about the use of land (urban and

rural) is added.

F
ig. 7. D

etail of the tracing in a hydric basin
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S
tep 4. G

eology

Input of existing geological inform
ation. U

se of
the geological m

ap (scale: 1/100,000) is recom
-

m
ended.

G
enerally, the geological m

ap is produced by state
institutions. F

or exam
ple, in N

icaragua, it w
as pro-

duced by IN
E

T
E

R
. U

sually, existing inform
ation

is on a national scale (1/1,000,000; 1/500,000;
1/200,000). It should be pointed out that there is
probably no detailed inform

ation on m
unicipali-

ties, but it is still possible to obtain an approxim
a-

tion of the m
unicipal geological reality w

hich m
ay

be im
proved upon w

ith the contributions of other
institutions (academ

ic or m
inisterial).

B
asic M

aterials

G
eological m

ap (scale:1/100,000 or 1/200,000)
produced by a geological institution, on paper
and digitally (scanned).

D
igitization

U
se of the polygon tool ,the line tool

or the dot tool
is recom

m
ended.

G
eological m

aps situate the m
ain geological for-

m
ations in the region. R

eference to the predom
i-

nant type of rock (igneous, sedim
entary and m

eta-
m

orphic) is m
ade in the captions. T

hese m
aps also

provide inform
ation about volcanoes and faults.

It is im
portant to construct the polygons and com

-
plete the table colum

ns w
ith inform

ation about the
rocks and the degree of alteration w

hich can be
concluded from

 the m
ap's descriptive report.

F
ig. 9. G
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orm
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aults
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detection of the m
ore fragile areas of the terrain,

w
ith the greatest risk of landslides and erosion.

D
igitization

T
he polygon m

ode is recom
m

ended . I<
E

1

S
oil m

aps represent the types of soil, their clas-
sification and the m

aterials that com
pose them

(sand, m
ud, clay), w

hich is know
n as texture. S

oil
texture depends on the originating m

aterial, the
terrain's slope and age.
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S
tage 2

S
ocio-E

conom
ic S

ystem

T
hese units include dem

ographic, housing, w
el-

fare and hum
an developm

ent inform
ation, as w

ell
as inform

ation about econom
ic and production

loss. A
s in previous units, they also require the use

of variables to estim
ate the status of each of these

sectors

S
ub-stage 2.1 - D

em
ography and H

ealth

D
em

ography

P
opulation

S
ex, A

ge
G

roups...

R
ates...

H
ealth

A
ccess

P
rocessing

of
censal

data:
F

or greater analytical conve-
nience, it

is recom
m

ended to
deal w

ith these tw
o aspects

sim
ultaneously, although they

could aslo be dealt w
ith sepa-

rately.

M
inim

um
 inform

ation required:
population num

bers (sex, age
groups), health coverage.

S
tep 1

- C
ensal cartography

and codes.

S
tep 2 - D

em
ographic inform

a-
tion (population by sex, age
groups, density, health cover-
age)

S
tep 3 - O

ther possible dem
o-

graphic and health indicators.

C
hart 9.

C
hart 8.

S
ocio-econom

ic S
ystem

D
em

ography

H
ousing

W
elfare and (H

um
an)

D
evelopm

ent

P
roduction and Invesm

ent

S
tep 1. C

ensus coverage and codes

In m
ost countries there is an institution w

hich is
responsible for population statistics. F

or exam
ple,

in N
icaragua, the IN

E
C

 (S
panish acronym

 of the
N

ational S
tatistics and C

ensus Institute) produces
a special collection of m

aps used to design P
opu-

lation C
ensuses. It divides the country into C

en-
sal U

nits (departm
ents, m

unicipalities, districts,
neighbourhoods, com

m
unities), each identified by

its ow
n censal code.

E
xam

ple: 0401001002003 - this code is assigned to a block
located in the city of E

ste'', in the m
unicipality and depart-

m
ent of the sam

e nam
e.

D
epart-
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E
stelf

E
stelf

0401
...

...
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(04)
(01)

...
...

...

999
999

999

M
ethodological G

uide for the C
onstruction of the S

IG
A

[39)

Loss caused by disasters
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aps by

C
om

pound
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ariable
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odes
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ulnerability-R
isks

M
aps

S
ocio-econom

ic

ua

F
ig.14 and T

able 11.

I



E
ac

h 
m

un
ic

ip
al

ity
 c

ho
os

es
 th

e 
te

rr
ito

ria
l s

ca
le

 to
w

or
k 

w
ith

 (
ne

ig
hb

or
ho

od
s,

 s
eg

m
en

ts
 o

r 
di

st
ric

ts
),

 a
nd

th
e 

ce
ns

us
 in

fo
rm

at
io

n 
is

 th
en

 in
cl

ud
ed

. T
he

 c
ho

ic
e 

of
sc

al
e 

is
 s

tr
on

gl
y 

de
te

rm
in

ed
 b

y 
th

e 
av

ai
la

bi
lit

y 
of

 in
-

de
r-

-
10

3 
se

1e
cc

io
na

do
is

L
IE

IL
J

E
ch

o°
 E

lk
. l

ab
ia

C
ar

ve
 V

en
t..

 A
n.

1/
14

1

14
01

E
l C

I
E

l

S
m

Ie
s
... E
ol

ls
m

od
es

"

C
. d

e.
 e

s 
n,

ge 4/
1

C
nv

es
 n

o.
 ie

e

j C
on

rn
ak

p

ri
E

N
C

!1
E

l

B
as

ic
 m

at
er

ia
ls

 -
 C

en
sa

l i
nf

or
m

at
io

n 
in

 d
ig

i-
ta

l f
or

m
at

 (
el

ec
tr

on
ic

 s
pr

ea
ds

he
et

s)
 w

ith
 th

e
co

rr
es

po
nd

in
g 

ce
ns

al
 c

od
es

. M
ap

s 
w

ith
 n

ei
gh

-
bo

rh
oo

d,
 s

eg
m

en
t a

nd
 d

is
tr

ic
t b

ou
nd

ar
ie

s.

R
ed

 N
ei

gh
bo

rh
oo

d 
Li

m
ite

d

W
or

ki
ng

 w
ith

 D
at

a

D
ig

iti
za

tio
n

E
xi

st
in

g 
da

ta
ba

se
s 

ar
e 

pa
st

ed
. S

ee
 p

as
te

d
ta

bl
es

 in
 A

rc
V

ie
w

.

In
pu

t o
f a

va
ila

bl
e 

ce
ns

al
 d

at
a 

on
 p

ap
er

. C
ha

rt
s

ar
e 

pr
od

uc
ed

 b
y 

co
py

in
g 

da
ta

 b
y 

va
ria

bl
e 

an
d 

pr
o-

ce
ss

ed
 in

de
pe

nd
en

tly
.

In
 th

is
 v

ar
ia

bl
es

 u
ni

t, 
th

e
C

en
sa

l U
ni

t m
us

t b
e 

ke
pt

 v
er

y 
fir

m
ly

 in
 m

in
d.

 It
 m

ay
be

 a
 D

is
tr

ic
t (

le
ss

 d
et

ai
l, 

ea
sy

 a
cc

es
s)

; a
 n

ei
gh

bo
r-

ho
od

/c
om

m
un

ity
 (

m
ed

iu
m

 d
eg

re
e 

of
 d

et
ai

l a
nd

ac
ce

ss
ib

ili
ty

);
 o

r 
a 

ci
ty

 b
lo

ck
 o

r 
qu

ad
ra

nt
 (

gr
ea

te
r

de
ta

il,
 a

cc
es

s 
lim

ite
d 

by
 c

os
t a

nd
 v

ol
um

e 
of

 in
fo

r-
m

at
io

n)
. A

va
ila

bi
lit

y 
of

 d
at

a 
at

 th
e 

C
en

sa
l U

ni
t l

ev
el

de
pe

nd
s 

on
 th

e 
na

tio
na

l s
ta

tis
tic

s 
in

st
itu

tio
ns

; f
or

ex
am

pl
e,

 in
 th

e 
ca

se
 o

f r
at

es
, t

he
y 

ar
e 

ge
ne

ra
lly

es
tim

at
ed

 b
y 

di
st

ric
t. 

It 
is

 a
ls

o 
po

ss
ib

le
 to

 r
eq

ue
st

th
e 

st
at

is
tic

s 
an

d 
ce

ns
us

 in
st

itu
tio

n 
to

 p
re

pa
re

 d
at

a
ba

se
d 

on
 c

en
su

s 
in

fo
rm

at
io

n.

F
ig

ur
e 

15
.

IA

es
 d

e 
C

od
e 

ed
s.

...
sh

e
el

1,
1Z

 j 
A

te
;ti

.4
,4

n 
R

=
1

o
4

10
6 

C
O

2
R

O
M

o
4

10
6 

01
3

fo
ko

on
o

4

1,
10

11
11

4
o

10
6

P
44

01
4

10
6

P
41

04
4

o
4

I
go

d
or

ri
P

ol
ito

4
10

3
1,

41
14

1
D

4
K

G
o

18
1

Pd
Y

0z
4,

P
oi

po
on

-P

o
1

10
5

o
1

le
4

10
0

P4
11

4.
1

4
10

11

10
1

14
41

91
0

10
11

4
10

11

7'
4C

M
10

3
4,

49
44

10
0

P4
41

71
14

o
4

/0
?

PO
44

,4
o

4
1

11
1

o
10

0 
00

1
Pa

k,
.

0
4

10
7

P
dv

s4
.

o
IW

_P
o1

P3
4.

1
o

11
0

o
11

0
P4

4/
9"

,
I

o
11

0

fo
l

C
en

sa
l i

nf
or

m
at

io
n 

m
ay

 b
e 

ob
ta

in
ed

 d
ire

ct
ly

 fr
om

fo
rm

at
io

n 
at

 th
at

 le
ve

l, 
in

 th
is

 a
s 

w
el

l a
s 

in
 o

th
er

 S
IG

A
S

ub
-s

ta
ge

 2
.1

 D
em

og
ra

ph
y 

an
d 

H
ea

lth
!N

E
C

. C
en

sa
l m

ap
s 

ar
e 

ad
de

d 
to

 th
e 

S
IG

A
, a

nd
 a

 ta
bl

e
un

its
.

is
 p

ro
du

ce
d 

w
ith

 m
at

ch
in

g 
co

de
s.

6



A
s m

ay be observed below
, the health variable has

been included w
ithin the group of variables typify-

ing the dem
ographic situation. T

his m
ay be conve-

nient w
hen it is desirable to relate the state of the

population's health directly, as show
n in the follow

-
ing table.

D
ata generated by statistics and census institutions

m
ay usually be acquired and used as basic inform

a-
tion in m

unicipal m
anagem

ent. F
or exam

ple, IN
E

C
- N

icaragua has som
e inform

ation available on their
w

ebsite and other inform
ation for sale at http://

w
w

w
.inec.qob.ni/productoscostos.htm

.
In

C
osta

R
ica, the w

ebsite is http://w
w

w
.inec.go.cr, in B

olivia,
http://w

w
w

.ine.gov.bo, and so on.

T
able 12.

P
O

P
U

LA
T

IO
N

 (S
ee appendix)

N
um

ber of inhabitants (urban-rural areas)
P

opulation density (inhabitants/area)

N
um

ber of inhabitants by sex
M

en/W
om

en ratio (%
)

(N
o of m

en/N
o of w

om
en x 100)

N
um

ber of inhabitants by age group

(children 0 to 12 years, adults 13 to 65, older adults

over 65)

A
ge groups/total population considered (district,

neighbourhood/com
m

unity, city block)

N
o of children

/
total inhabitants x 100

N
o of adults

/
total inhabitants x 100

N
o of older adults /

total inhabitants x 100

H
E

A
LT

H

A
ccess to health coverage by type of service

(public, private coverage, no coverage)

N
o of inhabitants w

ith access to m
edical care (state

social security) ¡T
otal population considered x 100

N
o of inhabitants w

ithout access to m
edical care

/
T

otal population considered x 100

R
A

T
E

S

D
em

ographic D
ynam

ics

B
irth rate (by sex)

F
ertility

M
ortality (by age and sex)

M
ethodological G

uide for the C
onstruction of the S
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P
roduction of other dem

ographic indicators

In general, it is useful to produce other indicators
related to the dem

ographic situation and reflect
them

 on a m
ap. T

here are tw
o possible w

ays of
doing this:F

ig. 17. D
istribution of C

hildren below
 15 years of age in M

unicipality of Q
uito

4 kilóm
etros

A
.Q

ualitative codification, in w
hich a num

ber can
be assigned to codify a condition, for exam

ple,
1 if the variable is inferior to the m

ean, 2 if it is
equal and 3 if it is greater than the m

ean.

B
. Q

uantitative codification, in w
hich the indica-

tor m
ay be specific to a single variable or com

-
posed of m

ore than one variable.

F
uente: M

unicipalidad de Q
uito (2005)

A
rea M

etropolitana de Q
uito

o

---
Leyenda

`Y
o de niños<

al 25%

250 33%

'033

A
n exam

ple is show
n below

 of qualitative codifica-
tion.

Later the production of sim
ple quantitative

indicators w
ill be studied in depth and several ex-

am
ples w

ill be given.

N
eighbourhood

density/A
verage city

density

N
eighbourhood den-

sity/D
istrict density

B
lock density/N

eigh-
bourhood density

R
elationship according

to gender
(w

om
en/m

en)

R
elationship by age

group

C
hildren/A

dults

C
hildren +

 older
adults/A

dults

Low
: below

 average

M
edium

: equal to
average

H
igh: above average

Low
: below

 average

M
edium

: equal to
average

H
igh: above average

Low
: below

 average

M
edium

: equal to
average

H
igh: above average

R
elationship by age group Low

: below
 average

P
opulation w

ithout m
edi-

M
edium

: equal to
cal coverage / P

opulation average

w
ith coverage

H
igh: above average

T
able 15.

S
om

e D
em

ographic
C

ategory
V

alue
Indices

C
onstruction

(code)

3

M
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onstruction of the S
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A
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S
tep 3. O

ther indicators of possible interest

It m
ay be necessary to produce other dem

ogra-
phic and housing indicators and/or to relate them

.
In these cases, the qualitative m

ethod can also be
used (greater than, lesser than, equal to a datum

,
for exam

ple) and classification can be carried out
in the sam

e three categories. Later, the indicators
are coded num

erically (low
 - 1; m

edium
 - 2; high

- 3), as previously explained. A
n exam

ple is given
in T

able 16.

M
any of the opportunities to create variables de-

pendonce againon the availability of inform
a-

tion or on the budget available for obtaining this
inform

ation in the field.

T
able 16

O
ther D

em
ographic and H

ousing Indices
C

ategories
V

alue

N
eighbourhood density/A

verage city density

N
eighbourhood density/D

istrict density

B
lock density/N

eighbourhood density

Low
: B

elow
 average

M
edium

: E
qual to average

H
igh: A

bove average

123

R
elationship by gender (w

om
en/m

en)

Low
: B

elow
 average

M
edium

: E
qual to average

H
igh: A

bove average

123

R
elationship by age group

C
hildren/A

dults

C
hildren

+
people of age/ A

dults

Low
: B

elow
 average

M
edium

: E
qual to average

H
igh: A

bove average

123

R
elationship

P
opulation w

ithout m
edical insurance/P

opulation w
ith

insurance

Low
: B

elow
 average

M
edium

: E
qual to average

H
igh: A

bove average

123

R
elationship

B
ad quality housing/G

ood quality housing

Low
: B

elow
 average

M
edium

: E
qual to average

H
igh: A

bove average

123

H
ousing w

ith/w
ithout w

ater

Low
: B

elow
 average

M
edium

: E
qual to average

H
igh: A

bove average

123

H
ousing w

ith/w
ithout electricity

Low
: B

elow
 average

M
edium

: E
qual to average

H
igh: A

bove average

123

M
aps according to com
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am
ount of incom

e received. T
his indicator is also cal-

culated by statistics and census institutions.

It is useful to know
 in w

hich areas of m
unicipalities

there is a low
er concentration of incom

e. H
ow

ever,
these data do not say m

uch about the num
ber of

poor individuals in the area. In order to overcom
e

this, it is im
portant to analyze poverty indicators.

It
is recom

m
ended that at least an indicator

show
ing the poverty rate should be available.

It is also advisable to search statistics and census
institutions for availability of other indicators show

-
ing other characteristics of poverty, such as the pov-
erty gap index, w

hich show
s the extent of poverty

(F
G

T
 [1]); the severity of poverty index, w

hich show
s

how
 serious the poverty situation is (F

G
T

 [2]); the
polarization index (P

, w
hich show

s w
hether society

is show
ing signs of polarizing into a very poor class

and a very rich class).

P
overty levels have been strongly linked to levels

of education. It is therefore im
portant to have ac-

cess to inform
ation on education. A

t least, infor-
m

ation about the num
bers of literate and illiterate

people in the population is required (provided by
population censuses).

A
s an exam

ple, the follow
ing table, draw

n up for
the M

unicipality of the C
entral C

anton in the P
rov-

ince of S
an José (C

osta R
ica), show

s inform
ation

about per capita incom
e indicators (Y

perc) per

M
ethodological G

uide for the C
onstruction of the S

IG
A

household, num
ber of households (T

ot H
og - [T

o-
tal households]); proportion of poor individuals
(F

G
T

 [0]); severity of poverty (F
G

T
 [2], w

here
values close to zero indicate few

er poor areas
and values close to one indicate extrem

ely poor
areas); polarization (P

, w
here values close to zero

indicate a better distribution and values close to
one show

 a m
arked separation betw

een the poor
and the upper classes; that is, the m

iddle class is
disappearing). T

able 17 also show
s the literacy rate

in the districts of that m
unicipality.

T
able 17.

A
m

icrosart E
xcel

B
ase_m

apasxis

T
his inform

ation table, as explained above in the
"dem

ography" section, can be produced separate-
ly and later be linked to the rest of the data. T

he
procedure for incorporating inform

ation is exactly
the sam

e as before, explained above in detail in
the "dem

ography" unit. H
ow

ever, unlike previous
cases, w

e w
ould like to show

 an additional alterna-
tive presentation, in w

hich tw
o indicators and their

values are show
n jointly.
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F
igure 22 show

s the literacy rates per district
in each m

unicipality. A
 joint analysis of the four

m
aps show

s that the tw
o districts w

ith the great-
est rate of poverty are also those w

ith the great-
est concentration of severe poverty and low

est
literacy rates.

T
his group of m

aps offers a detailed overview
 of

the w
elfare level situation in these districts, and,

therefore, their levels of social vulnerability.

S
ource: P

roduced by M
. A

dam
son, 2007, based on data from
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atarrita,
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ensión espacial de la pobreza, desigualdad y po-
larización en C

osta R
ica incorporando el principio de la línea

de ingreso, período 200-2001. C
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"D

esinventar" database, produced by the social studies netw
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ed") for the prevention of disasters in Latin A

m
erica.
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S
ub-stage 2.4. P

roduction and E
m

ploym
ent

Investm
ent: Investm

ent data prepared by each
country's C

entral B
ank are aggregate, or, at best,

taken by S
tate or P

rovince. T
herefore, inform

a-
tion regarding annual investm

ent per C
ensal U

nit
is usually not available. O

n the other hand, one of
the m

ain com
ponents of investm

ent is under the

"building" heading. In this sense, m
unicipalities

usually grant building perm
its, w

hether for hous-
ing or com

m
ercial and industrial infrastructure,

and thus m
ore detailed inform

ation in this field is
available to them

. T
he num

ber of square m
eters

built is a good indicator of investm
ent and levels

of econom
ic activity. A

dding this inform
ation to

the S
IG

A
 w

ill allow
 the m

unicipality to have an idea

T
able 18. S

ub-stage 24. P
roduction and E

m
ploym

ent

P
roduction and E

m
ploym

ent

Investm
ent (sq. m

ts.)

P
roductive A

ctivity

E
m

ploym
ent

Land V
alue

T
he m

unicipality's productive activities and em
-

ploym
ent are closely linked to threats, risk and

vulnerability. T
his m

odule has been designed
seeking to m

axim
ize inform

ation that is available
to the m

unicipality itself.

S
tep 1. R

eview
 of econom

ic and em
ploym

ent in-
form

ation in databases. M
unicipalities have a

w
ide range of inform

ation on econom
ic activities

since it concedes perm
its, patents, tax collection,

etc.

S
tep 2.

S
election of the inform

ation to be used
and construction of at least the follow

ing m
od-

ules: investm
ent (sq. m

ts.), levels of econom
ic

activity, em
ploym

ent and land value.

of the infrastructure's underlying risk, w
hich (in

som
e cases) it could be interesting to m

onitor as
preem

ptive m
easures are taken to increase resil-

ience.

In general, engineering and architectural schools
and guilds know

 the estim
ated cost of construc-

tion per square m
etre in these fields.

U
sing that

param
eter, the m

unicipality m
ay estim

ate the
rough value of building investm

ent by areas of in-
terest.

T
able 19. P

roduction and E
m

ploym
ent

V
ariables

B
uilding sq.m

ts.
V

alue of B
uilding C

ost/sq.m
ts.

S
q.m

ts. dw
ellings

built.
x$

/
m

2

S
q.m

ts. com
m

ercial

infrastructure built
x$

/
m

2

S
q.m

ts. highw
ays,

roads and others
built

x$
/

m
2

M
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IG
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S
ub-stage 2.5. Loss due to D

isasters
T

his data
unit com

pletes the socio-econom
ic

group. G
enerally speaking, this inform

ation is very
scattered and has not been com

piled or central-
ized. T

his is w
hy the chart on page 33 identifies

it by m
eans of a red dotted line surrounding it, to

indicate that inform
ation gaps exist. A

ccording to

T
able 22. Losses due to D

isasters
P

eople A
ffected

N
um

ber

N
um

ber of deaths by type

of event (flood, landslide,

earthquake, etc.).

N
um

ber of victim
s by type

of event.

N
um

ber of injured by type

of event.

N
um

ber of dw
ellings

affected

N
um

ber of buildings

affected

H
ighw

ays and roads af-

fected in sq. m
ts.

D
rinking w

ater pipes af-

fected in sq. m
ts.

B
ridges affected in sq.

m
ts.

C
onstructions affected in

sq. m
ts.

H
ectares affected by

type of crop

the goal for the next decade established at K
obe,

of "reducing econom
ic and social losses", it is sug-

gested that m
unicipalities obtain, in the greatest

geographical detail possibleat leastthe inform
a-

tion show
n in the follow

ing chart:

lnfraestructure A
ffected

P
ercentage

affected

E
valuation of econom

ic losses

E
stim

ated value of losses

E
stim

ated value of crops

E
stim

ated value of dw
ellings

E
stim

ated value of infra-

structure

E
stim

ated value roads

T
he N

etw
ork (La R

edrs "D
esinventar" database

facilitates an online review
 of inform

ation, avail-
able at http://w

w
w

.desinventar.org/desinventar.
htm

l, w
hich m

ay be used by the m
unicipalities as

initial input for updating through the M
anagem

ent
U

nit.
A

s in the previous case, using value/sq.m
t.

param
eters as a starting point, as w

ell as the per-
centage of affected square m

eters to calculate a
value w

hich is indicative of the effects of dam
age,

the procedure is sim
ply as show

n below
:

Initial value of loss =

rn2 affected X
 percentage of loss X

 cost/m
2.

T
his inform

ation is processed in the sam
e w

ay as
before, and m

ay be reflected on m
aps. N

ext, is an
exam

ple for the M
unicipality of S

an José, C
osta

R
ica, w

hich includes a m
ap of the E

conom
ically

A
ctive P

opulation (E
A

P
), together w

ith the O
pen

U
nem

ploym
ent R

ate (O
U

R
); a m

ap show
ing invest-

m
ent in square m

eters (hypothetical), a m
ap of

average households affected by flood and flood
victim

s (as a percentage in a 30-year series).

M
ethodological G

uide for the C
onstruction of the S

IG
A

[55]

N
um

ber
P

ercentage



(5
61

-I
-9

'55' N
H

A
T

IL
O

L
.

1.
6

3

M
ks

A
ve

ra
ge

 H
om

es
 A

ffe
ct

ed
 b

y 
F

lo
od

in
g

D
is

tr
ic

ts
, C

ity
 o

f S
an

 J
os

é

ta
lrt

S
A

N
 S

E
B

A
S

T
I

2,
63

 lo
 9

9
to

 9

S
in

is
tr

és
 b

y 
F

lo
od

, 3
0 

ye
ar

s

D
is

tr
ic

ts
, C

ity
 o

f S
an

 J
os

é

24

41
20 24

0

Z
A

'O
S

S
A

N
 K

O
.

D
E

 D
O

S
 R

IO
S

II
3

1M
es

M
ap

 h
yp

ot
he

tic
al

 in
ve

st
m

en
t i

n 
co

ns
tr

uc
tio

n 
(m

i)

D
is

tr
ic

ts
, C

ity
 o

f S
an

 J
os

é[S
A

N
 S

E
B

A
S

T
IA

N

S
A

N
 E

G
O

.

D
E

 D
O

S
 R

IO

III
 3

.0
00

 to
 5

.0
00

0 
80

0 
tO

 3
.0

00

U
R

U
C

A
la

d

[M
E

R
C

E
D

11
2.

1t
3

A
T

/V
)

o

ID
O

N
D

A
'

C
A

R
M

E
N

M
E

R
C

E
D

C
A

R
M

E
N

. H
O

S
P

IT
A

L
el

f O
R

A
L

M
A

T
A

 R
E

D
O

N
D

A

H
O

S
P

IT
A

L
C

A
T

E
D

,

D
o

to
 0

,8
3

0,
83

 to
 2

,2
8

III
 2

,2
8 

to
 2

,6
3

8.
00

0 
to

 8
.0

00
6.

00
0 

to
 8

.0
00

5.
00

0 
to

 6
.0

00

F
ig

. 2
3.

 M
un

ic
ip

al
ity

 o
f S

an
 J

os
é:

F
ig

. 2
4.

 A
ve

ra
ge

 h
ou

si
ng

 a
ffe

ct
ed

 b
y 

flo
od

 a
nd

F
ig

. 2
5.

 M
un

ic
ip

al
ity

 o
f S

an
 J

os
é:

E
A

P
 a

nd
 u

ne
m

pl
oy

m
en

t r
at

e 
by

 d
is

tr
ic

t
to

ta
l d

am
ni

fie
d 

M
un

ic
ip

al
ity

 o
f S

an
 J

os
é

M
ap

 H
yp

ot
he

tic
al

 In
sv

es
tm

en
t (

m
2)

U
R

U
C

A

M
E

R
C

E
D

m
itI

FE
rN

ok
C

A
R

M
E

N

C
M

C
I3

A
1

-
C

A
T

E
D

R
A

L

N
A

T
IT

55
 N

M
73

10
11

52
M

:0
-1

4

tr
A

f,
St

ia
D

E
 D

C
IV

E
i

13 hk
es

E
A

P
 D

is
tr

ic
t b

y 
ye

ar
 2

00
2

C
ity

 o
f S

an
 J

os
é

0 
1.

50
0 

to
 4

20
0

D
 4

.2
00

 to
 8

.6
00

III
8.

60
0 

to
 1

8.
00

0
18

.0
30

 to
 3

0.
20

0
III

 3
0.

20
0 

to
 3

0.
30

0

O
pe

n 
un

em
pl

oy
m

en
t r

at
e

C
ity

 o
f S

an
 J

os
é

0,
00

57

0,
02

85

0,
05

7

E
 5

5'
 N

D
A

T
A

_

I



S
tage 3. U

se of Land

S
tep 1 - C

artographic F
oundation

T
he aim

 of this m
odule is to carry out a detailed in-

ventory of the uses of land, of natural resource con-
servation and/or to identify the alterations w

hich
im

ply a risk to life w
ithin the m

unicipality.

A
t this stage, tw

o groups of land uses can be dis-
tinguished: urban and rural.

F
or rural areas, m

aps are draw
n up on a scale of

1/50,000, but if the m
unicipality considers it nec-

essary, it is possible to w
ork on a cadastral scale.

F
or tow

ns and cities, it is recom
m

ended that data
on a scale of 1/5,000 be obtained and generated.

S
tep 2- U

se of U
rban Land

S
earch for and com

pilation of inform
ation related

to the subject, at the level of the m
unicipality, the

neighborhood and the city block.

W
hen putting this database together, it is recom

-
m

ended that the Land R
egistry B

ureau's database
be used. It w

ould be advisable for inform
ation m

a-
trices to be structured by subject (housing, com

-
m

ercial buildings, industrial buildings, etc.).

U
rban

R
esidential

P
ublic

Industrial

C
om

m
ercial

P
arks

Land U
se

T
hem

atic M
aps

by V
ariable

T
hreat-V

ulnerability-R
isks

M
aps

C
hart 13. S

tage 3. Land U
se

R
ural

A
griculture

Livestock

M
ining

F
orestry

P
rotected A

reas

P
rocessing of cadastral inform

ation, pho-
tointerpretation, fieldtrips.

M
inim

um
 inform

ation required:
sketch of localities according to predom

i-
nant use, both in urban and in rural areas.

S
tep 1

C
artographic F

oundation
1/50,000 and/or cadastral m

aps for urban
centres.

S
tep 2

U
rban land use

S
tep 3

R
ural land use (agriculture, livestock, m

in-
ing)

M
ethodological G

uide for the C
onstruction of the S

IG
A

[57)
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N
ational production data, regarding volum

e and
location, are produced by the M

inistry of A
gricul-

ture, Livestock and F
orestry or sim

ilar institutions
in each country. It is helpful if that institution pro-
vides the relevant m

aps and inform
ation for the

m
unicipality. If this is not possible, the m

unicipal-
ity itself can generate its ow

n inform
ation from

its
m

icro-regions, adm
inistrative divisions and

com
m

unities, through the representatives of state
institutions or agencies. T

he inform
ation can also

be obtained w
ith the support of various N

on-G
ov-

ernm
ental O

rganizations. F
inally, it is possible to

carry out field trips to verify, update and/or create
the necessary inform

ation.

T
able 24. U

se of R
ural Land

R
ural use

C
ode

H
eading

T
ype

C
ontam

inationE
ffects

generated

A
griculture

(_K

V
egetable gardens

V
egetables

C
ooperatives

T
raditional crops

C
orn

B
eans

C
om

m
ercial crops

C
offee

S
ugar cane

T
obacco

R
ice

Livestock
E

xtensive
Large livestock

Intensive
S

m
all livestock

M
ining

M
etals (Iron)

B
uilding (sand, clay)

E
nergy

S
em

i precious

O
thers

F
orestry

L.,

C
oniferous and Latifoliate F

orest

M
ist forest

O
thers

P
rotected

A
reas

M
ountain

W
etlands

C
oastal areas

E
nergy plants

H
ydroelectric dam

s

S
ub-stations

G
eotherm

al and therm
al

stations

D
um

ps
M

unicipal

Illegal

M
ethodological G

uide for the C
onstruction of the S

IG
A
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S
etp 1

A
ccess R

outes.

T
here is a nom

enclature w
hich refers to catego-

ries of roads: hard surface highw
ays, secondary

highw
ays, roads passable in all kinds of w

eather,
unim

proved roads, lanes, narrow
 paths. S

I

O
rder of im

portance of the roads: T
ypes of road in the

m
unicipality.

C
ondition: S

tate of road's upkeep (perm
anently

updated).

S
urface category: M

aterial used in its construction.

E
vacuation capacity: F

easibility of using the road
as an evacuation route.

S
tep 2

W
ater supply netw

ork and sanitation
S

ervices: T
ype of w

ater supply netw
ork and sani-

tation.

S
ystem

: D
escription of the system

 used to pro-
vide the service.

M
aterials: T

ype of m
aterial used to build the sup-

ply system
.

T
ype of service: C

ontinuity of service.

S
ervice quality: Q

uality of the service and quality
of the w

ater.

S
ystem

W
ells, pipes,

netw
orks.

T
ype of m

aterial

P
V

C
, m

etal, con-
crete, etc.

T
able 24

T
ype of service

Q
uality of service

R
ain w

ater

S
eptic tanks

or troughs

Latrines
rn

O
xidation tanks

P
ipes, canals

Individual or
collective

Individual or
collective

C
ollective

P
V

C
, m

etal, concrete,
etc.

C
oncrete, covered,

lined, uncovered.

W
ood, m

etal,
concrete, blocks,
fiberglass, plastic.

C
oncrete, covered,

lined, uncovered

P
erm

anent

P
erm

anent

G
ood,

fair,

bad.

C
ontinuous,

sheduled, oc-
casional

T
able 25

O
rder of Im

portance
C

ondition
S

urface C
ategory

E
vacuation C

apacity

M
ain highw

ay

S
econdary roads

In good shape,
in poor shape.

A
sphalt

C
obbles

P
assable in all kinds of

w
eather

B
allast

H
igh,

m
edium

U
nim

proved roads
M

acadam
and low

.
Lanes

N
arrow

 paths

B
ridges

C
oncrete, w

ood, m
ix,

m
etal, etc.

M
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ystem
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 S
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s
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ea
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s
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ea
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s
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P
rim

ar
y 

an
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se
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ar
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P
rim

ar
y
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rs
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g 

au
x-

ili
ar

ie
s,

 a
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m
in

is
tr

at
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s,
cl

ea
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rs
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ne
l,

m
ai

nt
en

an
ce
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D
oc

to
rs
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nu
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g
au
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s
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g 
th

ea
tr
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, l
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ra
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rie
s,

 a
m
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g,
 d
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ng
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at
er

,
se

w
ag

e,
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ffi
ce

s,
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ar
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ge
di
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al
, c

re
m

at
or

ia
,

sa
ni

ta
ry

 fa
ci

lit
ie

s,
 a

cc
es

s

O
ut

pa
tie

nt
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re
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, o
ffi

ce
s,

sa
ni

ta
ry

 fa
ci

lit
ie

s,
 a

cc
es

s
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(6
2iH

os
pi

ta
ls

P
ro

vi
de

ca
re

 a
t t

he
 3

le
ve

ls

A
cc

ou
nt

ab
le

 to
H

um
an

 r
es

ou
rc

es

P
ub

lic
, m

ix
ed

or
 p

riv
at

e
D

oc
to

rs
,

m
al

e 
an

d 
fe

-
m

al
e 

nu
rs

es
,

P
hy

si
ca

l r
es

ou
rc

es

C
ol

le
ct

iv
e 

w
ar

ds
, p

riv
at

e
w

ar
ds

, i
so

la
tio

n 
w

ar
ds

,
in

te
ns

iv
e 

ca
re

 w
ar

ds
,

S
te

p 
3

E
le

ct
ric

 P
ow

er
S

er
vi

ce
: T

yp
e 

of
 p

ow
er

 g
rid

.

S
ys

te
m

: D
es

cr
ip

tio
n 

of
 th

e 
sy

st
em

 u
se

d 
to

 p
ro

vi
de

th
e 

se
rv

ic
e.

M
at

er
ia

ls
: T

yp
e 

of
 m

at
er

ia
ls

 u
se

d 
to

 b
ui

ld
 th

e 
po

w
-

er
 g

rid
.

M
ai

nt
en

an
ce

: S
er

vi
ce

 m
ai

nt
en

an
ce

 s
ch

ed
ul

e.

T
yp

e 
of

 s
er

vi
ce

: C
on

tin
ui

ty
 o

f e
le

ct
ric

al
 s

er
vi

ce
.

Lo
ca

tio
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te
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hr
ea
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az
ar
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du
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to
 p
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gr
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te
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ea
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pi
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ou
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cl
in
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he
al

th
 c

en
te
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S
er

vi
ce

 c
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: E

xi
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g 
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al
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ce
s.

H
ea

lth
 c
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 c

en
tr

e 
(c

ar
e 

le
ve

l).
A

cc
ou

nt
ab

le
 to

:
O

rg
an

iz
at

io
n 

re
sp

on
si

bl
e 

fo
r

m
ai

nt
ai

ni
ng

 th
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 c
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t

T
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S
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S
tep 5

E
ducation

S
ervice class: E

xisting educational services.

S
tudent population: N

um
ber of students.

A
ccountable

to:
O

rganization
responsible

for
m

aintaining the educational service.

B
uilding type: M

aterials used in the buildings.

H
um

an resources: H
um

an resources available at
educational centre.

Infrastructure: P
hysical resources available to the

educational service.

Im
portant note: T

his inform
ation facilitates the

preparation of em
ergency plans.

M
ethodological G

uide for the C
onstruction of the S

IG
A

T
ype of S

ervice
S

tudent
P

opulation
A

ccountable to
T

ype of
B

uilding
H

um
an resources

P
hysical

resources

P
re-school

P
rim

ary

S
econdary

T
echnical

U
niversity

P
hysical resources

R
oofed, open air, lit,

unlit, w
ith signs, w

ithout
signs, m

aintenance,
cleaning

R
oofed, drinking w

ater,
sanitary facilities, sew

-
age, lighting, sufficient
space, parking, offices
and com

m
ercial areas,

m
aintenance, cleaning,

access.

T
able 29

[63]

T
ransport

F
requency

S
ystem

A
ccountable to

C
overage

S
tep 6

D
efined

R
outes

F
ixed shedules

T
ransport

T
ransport system

 Local and long distance trans-
port.

S
pecified

stops

F
requency: T

im
etables.

P
ublic, m

ixed or private
E

fficient, fair, poor
A

ccountable to: O
rganization in charge of provid-

ing the service.
C

overage Q
uality of service.

P
hysical resources: A

vailable infrastructure.
T

erm
inus

T
eachers, profes

N
um

ber of children,
adolescents and

young people

P
ublic, m

ixed or
private

A
dobe, w

ood,

concrete, tiles,
zinc, floor (m

ud,
concrete, ceram

ic,
etc.)

sors, directors,
assistant directors

adm
inistrators,

cleaning personnel,
m

aintenance

N
um

ber of class-
room

s, courts,
gym

s, laboratories,
chapels, coffee

shops, storeroom
s,

lighting, drinking
w

ater, sew
age,

garbage disposal,
accessT

able 28
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 c
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 s
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w

or
k 

D
es

ig
n

Id
_r

ed
 (

ne
tw

or
k 

id
):

 T
op

ol
og

ic
al

 c
od

e.

H
ie

ra
rc

hi
ca

l c
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 c
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rd
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 C
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l t
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C
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A
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ib
ut
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 N
um

be
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si
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R

O
C

E
S

S
IN
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G
E

In
di

ca
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ic

at
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de
 b
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at
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ut
e
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ar

to
gr
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P

ro
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eo

ph
ys

ic
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 c
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e
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 m
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 m
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30
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rm
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en
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32
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T
op
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D

S
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gh
t

(m
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s)

A
lti

m
et

ric
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l

A
ttr

ib
ut

es
H

ei
gh

t_
co

de

10
0

10
0-

50
0

lo
w

1
14 23

50
0

50
1-
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00

m
ed
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m

2

35
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00
10

01
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00
0

hi
gh

3

39
6

20
00

20
01

-3
00

0
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ig
h

4

M
un
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ip
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 li

m
its
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l c

ov
er

ag
e)
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2.

ID



T
opographical A

ttributes
T

opographical ID
: T

opological Identifier.

S
pot H

eight (in m
eters): H

eight Levels, obtained
from

 terrain.

A
ltim

etric level: A
 group of spot height data (con-

tours are grouped by height category, for exam
ple:

contours betw
een 0 and 100; contours betw

een
100 and 600; contours 600 and above, etc.).

A
ttributes: R

elevant characteristic of attribute
(low

 area, m
edium

 area and high area; this is de-

C
V

1.0114
C

=
i .

pa bal.
ft..

C
M

 6
ob.

zas.U
s

A
tributo%

 k A
ltw

octos..hy

G
.

O
ar4.

M
N

 c
M

R
...nee

V
an

M
I 2 N

Mer n.o$

E
rit:1

term
ined by technicians).

C
od_altitud (A

ltitude code): C
lassified from

 high-
er to low

er.

R
iver basin delim

itation

Id_cuenca (B
asin Identification): T

opological code.

N
am

e: A
ctual nom

enclature (actual nam
e of the riv-

ers or m
ountain stream

s w
hich com

pose the basin)

F
igure 25.

or a nam
e established for each basin w

hose lim
its

have been determ
ined.

C
od_cuenca (B

asin code): A
 code num

ber to iden-
tify the basin.

T
able 33

G
eological attributes

Id_geol (G
eological Identification): T

opological
code (the num

ber of the form
 type, created by

m
eans of a polygon).

F
orm

ations: A
ctual nom

enclature (nam
e) used for

each form
ation.

C
od_geol (G

eological C
ode): C

ode num
ber as-

signed to each form
ation.

R
ock type: N

am
es of rocks.

C
od_rocas (R

ock C
ode): C

ode num
ber assigned

according to hardness of rock.

T
ectonic:C

haracteristics and properties of the rock.

C
od_tect (T

ectonic C
ode): C

ode num
ber assigned

according to properties.

A
ttributes: S

tability, m
eteorization, perm

eability,
others.

C
od_atrib (A

ttribute C
ode): C

ode num
ber as-

signed according to stability.

B
asin_ID

N
am

e
B

asin_code

100
basin A

l
1

200
basin A

2
2

300
basin A

3
3

.4...
K

O
O

01311
1.120X

5
50

P
u

1.40,4471
101

(10631(4)!
43I*

100
4

102
0262231,-

S
714214

S
A

3
114004

104
0.06110

IS
O

M
2000

1

P
44044

103
0 N

O
W

S
 9224511

110:41
2

P
.P

C
S

II
101

410001441
0433071

200)
f

M
ethodological G

uide for the C
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A
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Id
_g

eo
m

 (
G

eo
-m

or
ph

ol
og

ic
al

 Id
en

tif
ic

at
io

n)
: T

o-
po

lo
gi

ca
l c

od
e.

G
eo

m
or

ph
: A

ct
ua

l n
om

en
cl

at
ur

e 
(n

am
e)

 o
f e

ac
h

ge
om

or
ph

 (
pl

ai
ns

, s
lo

pe
s,

 m
ou

nt
ai

ns
).

C
od

_G
M

 (
G

eo
-m

or
ph

ol
og

ic
al

 C
od

e)
: C

od
e 

nu
m

-
be

r 
as

si
gn

ed
 to

 e
ac

h 
ge

om
or

ph
.

M
in

or
 g

eo
m

or
ph

s:
 P

ro
pe

rt
ie

s 
of

 g
eo

m
or

ph
s.

C
od

_g
m

 (
G

eo
-m

or
ph

ol
og

ic
al

 ty
pe

 C
od

e)
: C

od
e

nu
m

be
r 

as
si

gn
ed

 a
cc

or
di

ng
 to

 ty
pe

 o
f g

eo
m

or
ph

.

A
ttr

ib
ut

es
: I

n 
th

e 
fa

ce
 o

f a
 th

re
at

.

C
od

_a
tr

ib
 (

A
ttr

ib
ut

e 
C

od
e)

: A
ss

ig
ne

d 
nu

m
be

rs
.

P
re

pa
ra

tio
n 

of
 C

od
es

 fo
r 

G
eo

ph
ys

ic
al

 In
-

di
ca

to
rs

In
 o

rd
er

 to
 c

re
at

e 
th

e 
in

di
ca

to
r 

co
de

s,
 a

ttr
ib

ut
es

ar
e 

cr
os

se
d 

th
ro

ug
h 

th
e 

in
te

rs
ec

tio
n 

of
 c

ov
er

ag
es

,
fo

rm
in

g 
a 

m
os

ai
c.

[6
6]

T
hi

s 
m

os
ai

c,
 a

t t
he

 g
ra

ph
ic

 le
ve

l, 
is

 o
rig

in
at

ed
w

he
n 

co
ve

ra
ge

s 
ar

e 
su

pe
rim

po
se

d 
an

d 
in

te
r-

ce
pt

ed
, r

es
ul

tin
g 

in
 a

 s
ub

di
vi

si
on

 o
f p

ol
yg

on
s.

T
ab

le
s 

ar
e 

cr
os

se
d 

au
to

m
at

ic
al

ly
 (

D
B

as
e,

 E
xc

el
,

S
IG

 o
pe
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T
he second alternative consists of the estim

ate
plem

ented by historical inform
ation. A

n exam
ple

of the occurrence probability of the threat (of the
of this w

ill be given below
, in the section on the

event). T
hat is, this probability provides a risk es-

production of com
posite indicators.

tim
ate, w

hich can be com
bined w

ith inform
ation

about vulnerabilities, and in m
any cases be com

-

F
ig. 26. Landslide T

hreats in the M
unicipality of

C
ondega, D

epartm
ent of E

stelí, N
icaragua

IV
.

\441.1,2
!xi)

4
er,

.°1

1
O

1
kilóm

etros
F

uente: M
unicipio de C

ondega.
D

epartam
ento de E

steli- N
icaragua (2000)
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N
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N
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G
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E
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m
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R
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icaragua

80
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C
- A

ttributes of the S
ocio-E

conom
ic S

ystem

U
se is m

ade of the variables m
entioned in this

unit that it has been possible to obtain. T
he m

ini-
m

um
 variables recom

m
ended in this m

anual are
required, plus any additional variables w

hich m
ay

be of interest to the m
unicipality (units on dem

og-
raphy, w

elfare and developm
ent, productive ac-

tivity and losses). T
he sources of inform

ation, as
pointed out before, are varied (from

 population
and housing censuses to incom

e and expenditure
surveys; university research centers and institu-
tions, graduation papers, etc. It is recom

m
ended

that the sm
allest territorial unit or censal area

available be used).

IM
P

O
R

T
A

N
T

: In order to determ
ine the attri-

bute it is recom
m

ended (as an approxim
ation)

that the average value of the corresponding
variable in the m

unicipality be used as a ref-
erence and, on that basics, that a category be
established and codified before.

A
s an exam

ple, for a few
 of the variables in these

units:

It is im
portant to include poverty variables, and

em
ploym

ent, w
hich in this case are excluded so as

not to lengthen the exam
ple. S

ection H
 show

s how
to include these variables in the developm

ent of
quantitative indicators.

M
ethodological G

uide for the C
onstruction of the S

IG
A

[67]



P
op

ul
at

io
n

S
ex

A
ge H
ea

lth
 C

ov
er

ag
e

H
ou

si
ng

 Q
ua

lit
y

[6
8]

D
- 

P
ro

du
ct

io
n 

of
 V

ul
ne

ra
bi

lit
y 

In
di

ca
to

r
C

od
es

T
he

 S
IG

A
 p

ro
vi

de
s 

a 
w

id
e 

va
rie

ty
 o

f p
os

si
bi

lit
ie

s 
w

ith
re

ga
rd

 to
 th

e 
pr

ep
ar

at
io

n 
of

 in
di

ca
to

rs
 to

 q
ua

nt
ify

an
d 

m
on

ito
r 

pr
og

re
ss

 in
 v

ul
ne

ra
bi

lit
y 

re
du

ct
io

n 
an

d
th

e 
in

cr
ea

se
 o

f l
oc

al
 r

es
ili

en
ce

, a
s 

re
co

m
m

en
de

d 
in

th
e 

H
yo

go
 P

la
n 

of
 A

ct
io

n.

T
w

o 
al

te
rn

at
iv

es
 a

re
 s

ho
w

n 
be

lo
w

 fo
r 

th
e 

pr
od

uc
-

tio
n 

of
 v

ul
ne

ra
bi

lit
y 

in
di

ca
to

rs
. I

n 
bo

th
 c

as
es

, i
nd

i-
ca

to
rs

 a
re

 o
bt

ai
ne

d 
by

 s
ee

ki
ng

 a
 q

ua
nt

ifi
ca

tio
n 

of
th

e 
di

m
en

si
on

s 
of

 th
e 

vu
ln

er
ab

ili
ty

 c
on

ce
pt

.

Q
ua

nt
ita

tiv
e 

vu
ln

er
ab

ili
ty

 in
di

ca
to

r:
F

or
 e

ac
h

va
ria

bl
e 

w
hi

ch
 a

pp
ro

xi
m

at
es

 a
 s

pe
ci

fic
 v

ul
ne

r-
ab

ili
ty

 d
im

en
si

on
, i

t i
s 

ne
ce

ss
ar

y 
to

 fi
nd

 a
 m

ea
su

r-
ab

le
 m

ag
ni

tu
de

 to
 q

ua
nt

ify
 it

.
T

he
 p

ro
du

ct
io

n 
of

a 
qu

an
tit

at
iv

e 
vu

ln
er

ab
ili

ty
 in

di
ca

to
r 

m
ay

 b
e 

a
la

bo
rio

us
 ta

sk
 fr

om
 th

e 
co

nc
ep

tu
al

 a
nd

 m
ea

su
re

-
m

en
t p

oi
nt

 o
f v

ie
w

. B
ec

au
se

 o
f t

hi
s,

 th
is

 c
as

e 
is

pr
es

en
te

d 
as

 a
 s

ec
on

d 
ex

am
pl

e.

Q
ua

lit
at

iv
e 

vu
ln

er
ab

ili
ty

 s
ca

le
: U

nl
ik

e 
th

e 
pr

ev
i-

ou
s 

al
te

rn
at

iv
e,

 in
 th

is
 c

as
e 

it
is

 o
nl

y 
ne

ce
ss

ar
y

to
 e

st
ab

lis
h 

a 
nu

m
er

ic
al

 s
ca

le
 fo

r 
th

e 
va

ria
bl

es
 in

ea
ch

 d
im

en
si

on
 (

fo
r 

ex
am

pl
e:

 3
-h

ig
h,

 2
-m

ed
iu

m
,

1-
lo

w
) 

an
d 

th
en

 a
dd

 u
p 

th
e 

va
lu

es
, a

s 
in

 p
re

vi
ou

s
ex

am
pl

es
. T

he
 p

re
ca

ut
io

n 
of

 k
ee

pi
ng

 to
 a

 lo
gi

ca
l

or
de

r 
in

 th
e 

di
st

rib
ut

io
n 

of
 v

al
ue

s 
m

us
t b

e 
ta

ke
n,

m
ak

in
g 

su
re

 th
at

 th
e 

hi
gh

er
 v

al
ue

s,
 o

r 
th

e 
lo

w
er

on
es

, a
lw

ay
s 

co
rr

es
po

nd
 to

 a
 s

itu
at

io
n 

co
ns

id
er

ed
ei

th
er

 p
os

iti
ve

 o
r 

ne
ga

tiv
e.

A
re

a
ID

P
op

ul
at

io
n

A
re

a 
(s

g.
rn

ts
.)

D
en

si
ty

 (
pi

s)
A

ttr
ib

ut
e

D
en

s_
 c

od
e

15
62

15
6

10
.0

00
15

6/
10

.0
00

M
ed

iu
m

2

23
98

26
5.

00
0

26
/5

.0
00

H
ig

h
3

49
8

80
0

10
0.

00
0

80
0/

10
0.

00
0

Lo
w

1

A
re

a_
 ID

P
op

ul
at

io
n

M
al

e
F

em
al

e
M

al
e 

in
de

x
A

ttr
ib

ut
e

S
ex

_ 
co

de

15
62

15
6

80
76

80
/7

6
M

ed
iu

m
2

23
98

26
6

20
6/

20
H

ig
h

3

49
8

80
0

50
0

30
0

50
0/

30
0

Lo
w

1

A
re

a_
 ID

P
op

ul
at

io
n

0-
14

15
-6

4
65

 a
nd

 o
ve

r 
A

ttr
ib

ut
e 

ch
ild

re
n

C
hi

ld
. c

od
e 

A
ttr

ib
ut

e 
ol

de
r 

ad
ul

ts
O

A
_ 

co
de

15
62

15
6

32
68

56
M

ed
iu

m
2

H
ig

h
3

23
98

26
5

12
11

Lo
w

1
M

ed
iu

m
2

49
8

80
0

22
0

52
0

60
H

ig
h

3
Lo

w
1

Id
_z

on
a

P
op

ul
at

io
n

N
o 

co
ve

ra
ge

W
ith

 c
ov

er
ag

e
N

o 
co

ve
ra

ge
 in

de
x

A
ttr

ib
ut

e
H

ea
lth

_c
od

e

15
62

15
6

10
14

6
10

/1
46

Lo
w

1

23
98

26
16

10
16

/1
0

M
ed

iu
m

2

49
8

80
0

60
0

20
0

60
0/

20
0

H
ig

h
3

A
re

a_
ID

D
w

el
lin

gs
H

ea
vy

 m
at

er
ia

ls
Li

gh
t m

at
er

ia
ls

D
w

el
l. 

qu
al

ity
. i

nd
ex

A
ttr

ib
ut

e
D

w
el

l_
 c

od
e

15
62

58
50

a
8/

50
Lo

w
1

23
98

8
2

6
6/

2
H

ig
h

3

49
8

14
2

40
10

2
10

2/
40

H
ig

h
3



N
o pie-determ

ined num
ber of variables is needed

to produce the qualitative or quantitative vulner-
ability indices. It is recom

m
ended that a sufficient

but m
anageable num

ber be used. V
ariables m

ust
be associated w

ith the effects of the threat/s and
to the socio-econom

ic dim
ensions that they affect.

T
able 36.

T
he analytical vulnerability code enables the iden-

tification of variables w
hich m

ake the greatest
contribution to vulnerability. T

he aggregate code
gives a m

ore general view
. In the latter case, w

hen
the analysis is carried out, it m

ust be kept in m
ind

that identical final figures m
ay be reflecting very

different situations concerning the effect of the
participating variables.

T
he M

anagem
ent U

nit can use both indices, accord-
ing to the S

IG
A

's specific aim
s and to the criteria re-

garding intervention in the socio-econom
ic variables,

for exam
ple by m

eans of social investm
ent or other

projects w
hich seek to increase resilience.

In short, the general procedure to be follow
ed is

m
ade up of the follow

ing steps:

A
s a result, a qualitative analytical code is ob-

tained as w
ell as an aggregate vulnerability code.

A
n exam

ple of a social vulnerability case is show
n

below
:S

election of dim
ensions included in vulnerabil-

ity (social, physical, cultural, etc.).

S
election of variables related to such dim

en-
sions (for exam

ple: a high population of chil-
dren and older adults im

plies greater social
vulnerability). N

ot necessarily so if
their in-

com
e is high and they are located in low

 threat
areas.

S
election of indeces to quantify the variables

chosen (for
exam

ple: percentage of children

and older adults w
ith respect to the total popu-

lation).

C
reation of classes for each variable, according

to category (low
, m

edium
 and high) and assign-

m
ent of a num

ber to each class.

F
or exam

ple: 1-low
, 2-m

edium
, 3-high.

P
roduction of the analytical and/or aggregate

vulnerability index.

V
ulnerability m

ap.

A
rea_ ID

D
ens_C

ode S
ex_code C

hild_code 0A
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H
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D
w
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133133
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H

igh

M
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T
able 39.

G
- P

reparation of E
nvironm

ental R
isk M

aps

W
ith the availability of inform

ation about threats,
vulnerability, use of land and lifelines and servic-
es, it is possible to produce an environm

ental risk
m

ap.

T
his m

ap is a sum
m

ary of the environm
ental situ-

ation (including econom
ic, social and other as-

pects) of the m
unicipality's territory in the face of

a particular threat.

T
he final sum

m
ary m

ap, or environm
ental risk

m
ap, w

hich the M
anagem

ent U
nit w

ill obtain, w
ill

be sim
ilar to the m

ap show
n below

:

T
he inform

ation provided by the lifelines and services
sub-system

 is of use to the m
anagem

ent unit, since it
m

akes it possible to becom
e fam

iliar w
ith the infra-

structure. T
he latter can be counted upon in the case

of a disaster, as w
ell as the level of dam

age w
hich this

infrastructure m
ight suffer in such an event.

F
ig. 27. E

nvironm
ental R

isk M
ap
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ontevideo, U

ruguay
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nd
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aga V

edic
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a,. P

ep,

alaaga M
ean

N
ondd R
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accaan M
cnno

E
Jnalan

am
n

C
uenca inn. M

ann,

InC
ituto N

om
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s telndltice (ednon, i
Intended. M

unicipal de M
onty., 2000

E
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S
tep 2. C

alculating the vulnerability index by
characteristics

Identify the m
inim

um
 and m

axim
um

 of the vari-
able w

ithin the m
unicipality. T

he next step is to
find the m

inim
um

 and m
axim

um
 values for the

indicator (in this exam
ple, average victim

s per
flood, per geographical unit). T

his m
akes it pos-

sible to carry out com
parisons am

ong the differ-
ent areas. In this exam

ple, a com
parison is m

ade
am

ong the districts that constitute the m
unici-

pality of S
an José, C

osta R
ica.'

T
able 40.

D
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I -
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ource: M
. A

dam
son, 2007.
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i
II P

repare the indicator estim
ate equation. O

nce
the m

axim
um

 and the m
inim

um
 have been found,

a form
ula is established for the calculation of the

victim
s per flood index. T

his m
ay sim

ply be done
on a spreadsheet, as show

n in the figure above.
T

he equation is sim
ple: subtract the m

inim
um

value found per geographical unit from
 the in-

dicator. D
ivide the result by the difference be-

tw
een the m

axim
um

 and the m
inim

um
 values.

T
he quantitative vulnerability indicator can be

given as a percentage.
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T
he m

ore vulnerable areas w
ill show

 higher val-
ues, 100%

 being the m
axim

um
 rating, w

hich in-
dicates that that specific area is the m

ost likely
to have flood victim

s. T
herefore, the indicator is

com
parable and relative to the interior of the m

u-
nicipality and not outside it. P

lease note that the
indicator contains tw

o dim
ensions: a social di-

m
ension, as in this exam

ple, broadly sum
m

arized
by the average num

ber of victim
s, and the threat

situations w
hich have actually occurred, that is,

the num
ber of events or floods w

hich have taken
place.

S
tep 3. P

roduce other specific vulnerability in-
dicators.

T
his type of calculation m

ay be designed equally
sim

ply, for indicators such as a death by flood
vulnerability index, or for a housing affected by
floods vulnerability index, etc., according to the
needs of the m

unicipality.

T
he vulnerability risk m

ap show
s the V

IV
E

 for
the M

unicipality of S
an José, together w

ith other
com

posite vulnerability indicators, w
hich are ex-

plained in the follow
ing paragraphs. for the sake

of sim
plicity. H

istorical inform
ation w

as used in
these exam

ples. S
im

ilarly, it is possible to deter-
m

ine vulnerability due to flooding caused by an
increase in the volum

e of a w
atercourse, in term

s
of a specific num

ber of m
eters above the average

level. In this case, it is possible to calculate the

It m
ust be kept in m

ind
that these are exam

ples.
In this case, as an illustra-
tion,

the
"D

esinventar"
database has been used,
w

hich contains data on
the effects on housing.
H

ow
ever, as the m

unici-
pality's M

anagem
ent U

nit
im

proves its statistics, in
coordination

w
ith

other
institutions, the data w

ill
tend to becom

e m
ore pre-

cise.
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e
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 h

um
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 d
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m
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t
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m
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rs
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pe
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 c
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to
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so
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r 

ec
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ne
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lit

y 
an

d 
a 

re
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-
tiv

e 
in

di
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fo
r 
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oc

ia
te

d 
ris

k.
 In

 th
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e
ca

se
s,

 th
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at
, a

s 
w

el
l a

s 
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ci
al

 a
nd

 e
co

no
m

ic
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to
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 a
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ro
ug

ht
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ge
th
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 v
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y
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t o
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ra
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e 
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ria
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 to
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e 
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 c
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cu
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g
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m
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on
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pr
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e 
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c 
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ty
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fo
r 
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t a
s 

w
as

 d
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e 
in

th
e 

ca
se
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f t
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 V

IV
F

 e
xa

m
pl

e.

A
n 
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 b
el

ow
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f t
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 p
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tio
n 

of
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m

po
si

te
 v

ul
ne

ra
bi

lit
y 
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 fl

oo
d 

in
de

x 
(C

V
F

I)
. T

hi
s

w
ill

 b
e 

pr
es

en
te

d 
in

 tw
o 

di
ffe

re
nt

 w
ay

s:

A
.T

he
 fi
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t s
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w

s 
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e 
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at

ed
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ul
ne

ra
bi

lit
y 
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w
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gh

te
d 
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) 
ex

is
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g 
po
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rt

y
pe

r 
di

st
ric

t (
A

ve
ra

ge
 P

ov
er

ty
 In

de
x 

[F
G

T
 (

0)
]; 

b)

vu
ln

er
ab

ili
ty

 o
f v

ic
tim

s 
pe

r 
flo

od
 (

V
IV

F
);

 a
nd

 c
)

ho
us

in
g 

af
fe

ct
ed

 b
y 

flo
od

s 
vu

ln
er

ab
ili

ty
 (

 H
F

V
I)

.

B
.T

he
 s

ec
on

d,
 in

 a
n 

an
al

og
ou

s 
m

an
ne

r,
 c

on
si

d-
er

s:
 a

) 
po

ve
rt

y 
pe

rc
en

ta
ge

; b
) 

vu
ln

er
ab

ili
ty

 o
f

vi
ct

im
s 

pe
r 

flo
od

; a
nd

 c
) 

vu
ln

er
ab

ili
ty

 in
de

x 
of

ec
on

om
ic

 lo
ss

es
 b

y 
flo

od
 (

V
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LF
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D
ef

in
e 

th
e 
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tio
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w
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gh
tin

g 
fa
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s.

A
s 

in
 th

e 
pr
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 c
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n 

ca
n 

ea
si
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 p
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ni
c 
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W
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se
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 In
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es
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ns

 a
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 r
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e 
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m
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w
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g 

fa
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e 
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hu
s,

 th
e 
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w
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gh
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d 
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s 
in

 th
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ab

ov
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 c
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is

 w
hy
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 d
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e
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ex
po

ne
nt

 is
 1

/3
; a

s 
sh

ow
n 

in
 th

e
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1.
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 c
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m
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 to
 b

e 
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ed
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 th
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w
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e
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m
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 th
e 

m
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is

 th
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 b
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tio

n 
of

 s
oc

ia
l i

nv
es

tm
en

t e
ffo

rt
s 

(p
ov

er
ty

re
du

ct
io

n,
 li

te
ra

cy
, i

nf
an

t f
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 o
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at
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 c
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 s
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 p
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T
his hypothetical exam

ple show
s the com

ple-
m

entation of inform
ation required for decision

m
akers in the m

unicipality to use S
IG

A
 inform

a-
tion and contrast it w

ith the priorities of their ad-
m

inistration and budget availability. T
hus, they

can determ
ine in a transparent m

anner the cri-
teria w

hich w
ill form

 the basis of their decisions
on the location for investm

ent in prevention and
m

itigation in som
e areas of their m

unicipality.

K
- C

om
plem

enting S
IG

A
 capabilities

across m
unicipalities

O
nce several neighboring m

unicipalities have in-
stalled their S

IG
A

s, they w
ill be able to w

ork together,
increasing the levels of analysis and taking further
advantage of the preventive investm

ent m
ade in the

production of their S
IG

A
s.

F
or exam

ple, it m
ight be desirable to carry out a

com
parative an'alysis am

ong various m
unicipali-

ties by type of vulnerability. In this case, the w
hole

S
IG

A
 or just one aspect of it can be used. A

s an
exam

ple, page 72 show
s the vulnerability index

for flood victim
s and the G

IN
I coefficient for the

m
unicipalities (brow

n boundary line) in the P
rov-

ince of S
an José, C

osta R
ica. A

n enlargem
ent is

included of a section in the central territory, w
here

the m
unicipalities are sm

aller in term
s of square

m
eters.

F
ig. 32. H

ypothetical revenue collection m
ap, investm

ent in prevention and
T

IR
 by vulnerability reduction projects. M

unicipality of S
an José

S
ource: M

. A
dam

son (2007).
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Incom
e per district
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Internal rate of return per project per district

M
unicipality of S

an José

0,04

0,2

M
I0,4

F
lood index by district

M
unicipality of S

an José

[I 0,002 to 0,0163 (4)
0,0163 to 0,03E

6 (5)
0,03651v 0,0491

(2)
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 c
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F
ig. 34. F

lood (IN
U

N
D

) and poverty (F
G

T
 [0]) indices per district and m

unicipality in the P
rovince of S

an José, C
osta R

ica.
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A
n E

xercise for the P
reparation of the

S
IG

A

(B
asic M

odel and Q
ualitative Indicators)

Identification of threats
T

he S
IG

A
 typifies the geophysical system

 by
m

eans of five variables:

E
levation

B
asins

G
eology

G
eo-m

orphology

H
ydric netw

orks

F
or each, a table is draw

n up, containing:

A
 topological identifierin this case, virtual-

w
hich in real cases w

ill be used for the prepara-
tion of the database.

A
n attribute corresponding to each variable.

T
he degree of the threat in the face of the event.

T
he object is to determ

ine the degree of expo-
sure to the threat of flooding, for each of the four
variables in the geophysical system

. In each table,
the level m

ust be organized num
erically, the indi-

cator num
bers being placed from

 low
er to higher

(0- null; 1 - very low
; 2 - low

; 3- m
edium

; 4- high;
5 - very high), according to how

 the threat affects
the territory.

F
rom

 the cross-referencing of the m
aps, a m

osaic w
ill

result w
hich w

ill describe the level of the threat ex-
pressed territorially, in a sim

ilar form
at to that seen

on the screen.

G
eology

G
eom

orphs

H
ydric N

etw
orks

S
ocio-E

conom
ic S

ystem
 - S

ocial V
ulner-

ability
In this hypothetical case, the socio-econom

ic sys-
tem

 is synthesized in the S
IG

A
 by m

eans of a sum
-

m
ary of the follow

ing variables:

P
opulation

S
ex (m

en/w
om

en ratio * 100)
A

ge (in the exercise, the 0-14 age group is con-
sidered)
H

ealth coverage (absence of coverage is also
taken into account)
H

ousing quality

B
y w

orking w
ith these variables, qualitative indi-

cators of "social vulnerability" are established.
A

nalogously to exercise 1, in each of the follow
ing

tables the level is organized num
erically, w

ith in-
dicator num

bers organized from
 low

er to higher

Id_height
D

epth (m
)

T
hreat Level

(T
 L1)

100
50

101
500

102
1000

103
2000

Id_

height

T
Li

Id

geology

T
L2 Id geo-

form
s

T
L3 Id net-

w
orks

T
L4 T

LI,T
L2,

T
L3,N

A
4

T
L1+

T
L2+

T
L3+

T
L4

100
200

300
400

101
201

301
401

102
202

302
402

Id_geology
T

ype of predom
i-

nant rock
T

hreat Level
(T

L2)

200
G

ranite

201
S

andstone

203
Lim

estone

202
G

neiss

Id_geoform
s

M
ajor geoform

T
hreat Level

(T
L3)

300
P

lain

301
C

oncave slope

302
C

onvex slope

Id_netw
ork

F
low

T
hreat Level

(T
L4)

400
S

tanding

401
S

tanding

402
Interm

ittent

M
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B
y cross-referencing the previous tables, a com

-
posite topological code is obtained, as w

ell as a
com

posite threat indicator.

E
levation

T
hreat S

um
m

ary

-------

-----
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U
se of Land

Lifelines and S
ervices

In this exercise, the m
ain uses of the land and how

these uses are affected by threats are determ
ined.

A
s in the previous exercises, the uses are organ-

ized by num
erical indicators (1

- very low
; 2 - low

;
3 - m

edium
; 4 - high; 5 - very high). T

his m
akes it

possible to determ
ine the type of environm

ental
conflict produced by anthropic activities, w

hich
w

ill reduce or increase the potential risk obtained
in exercises 1 and 2.

U
se of Land

Id_land uses

10000

20000
50000
80000
80001

85000
107

Land use

Irregular H
ousing

P
articular H

ousing

H
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rchard

Industrial M
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Industrial C
ultivation

H
eavy Industry

G
reen S

paces

R
esponding to
the threat

R
oad netw

ork

S
anitation S

ystem

E
lectric P

ow
er

H
ealth S

ervices

E
ducation

C
om

m
unications

Id-
E

ducation
H

eight
(bench m

ark)
E

xistence
S

tate
V

ulnerability

50000
10

50001
500

50002
100

50003
2000

Id-R
oads

T
ype

R
isk F

acing T
hreat

100000
R

oute

100001
N
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100003
P
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Id-S
anitation

H
eight

(cota)

R
isk F

acing

T
hreat

20000
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20001
500
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E
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H
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E
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S
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V
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4. U
S

E
 O

F
 S

P
A

C
E

 A
N

D
 S

A
T

E
LLIT

E
 T

E
C

H
N

O
LO

G
Y

A
N

D
 N

E
W

 LO
C

A
L P

R
A

C
T

IC
E

S
 IN

 R
IS

K
 M

A
N

A
G

E
-

M
E

N
T

 A
N

D
 V

U
LN

E
R

A
B

ILIT
Y

 R
E

D
U

C
T

IO
N

A
t present, the significant investm

ent w
hich agencies

m
ake in space and satellite technology, is not only

justified from
 the point of view

 of attention to disas-
ters and the im

portance of access to inform
ation in

the least possible tim
e, but also because investm

ent
is currently m

ore and m
ore justified m

ainly from
 the

point of view
 of prevention.

S
pace and satellite technology provide a large

and diverse am
ount of inform

ation deriving from
various rem

ote sensors, w
hich can be stationary

or m
obilefor exam

ple, sensors can be placed on
ships and cars or air-borne in aeroplanes, helicop-
ters, satellites and so on.

S
atellite sensors m

ake it possible for continuous
m

onitoring of different elem
ents such as land use,

tree coverage, crops, urban areas, m
aritim

e-ter-
restrial areas, bodies of w

ater, and so on. V
isual

inform
ation is often resorted tophotographs or

im
agesw

hich m
ay be taken from

 the air or from
satellites. T

his real-tim
e m

onitoring m
ay be car-

ried out on a daily basis, or even provide an alm
ost

instantaneous view
 of an area, depending on the

location of the sensors and receptors.

A
s using the G

eographic Inform
ation S

ystem
 (G

IS
),

becam
e m

ore popular, m
unicipalities acquired

greater experience in the use of this tool and in-
cluded the type of inform

ation derived from
 the

system
 in m

unicipal tasks. F
or exam

ple, in C
osta

R
ica, several m

unicipalities (S
an José, E

scazú,
B

arba, etc.) are m
aking progress in this respect.

F
urtherm

ore, a significant num
ber of m

unicipali-
ties include this inform

ation in the m
anagem

ent
and m

onitoring of building perm
its.

M
ore recently, space technology has becom

e a
significant tool for m

unicipalities. In particular, in
activities related to im

proving m
unicipal rate col-

lection, m
ainly through the application of G

IS
 in

territorial tax collection processes. T
he m

unicipal-
ity can, by m

eans of im
ages w

ith the appropriate
resolution, determ

ine the exact size of properties,
their condition, the actual use given to the land,
types of structure, and so on. T

his w
ay, they can

update their valuation platform
s and m

onitor tax
collection based on updated inform

ation.

F
ig. 35. Illustration of a satellite sending inform

ation.

F
ig. 36. A

ctual color photograph, A
D

S
 40 digital cam

era.
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In addition to the inform
ation provided by color im

ages, m
unicipalities

have recently begun to use m
ore specialized inform

ation, such as infrared
im

ages or inform
ation derived from

 spectral sensorsof up to fifty light
spectrum

 bandsand even hyper spectral inform
ationover tw

o hundred
bandsw

hich provide a variety of inform
ation, such as quality of the w

a-
ter, identification of m

aterials, landslide studies, flooding, faults, etc. A
ll of

these m
ay be used to carry out a detailed classification of land use, type of

forest, volcano em
ission analysis' , etc. F

urtherm
ore, M

unicipalities are us-
ing the inform

ation derived from
 radar sensors, w

hich can provide details
of flooded areas even in conditions of dense cloudiness.

T
he increased application of satellite technology to m

unicipal procedures
and tasks from

 risk prevention and m
anagem

ent, to the m
anagem

ent of
m

unicipal finances and the accelerated substitution of aero-transported
technology, is the result of the low

er cost per square m
eter of satellite tech-

nology. T
he cost is low

er com
pared to aero-transported technology, even

w
ith the latest technological progress m

ade in the latter. T
he cost of plan-

ning flights and of the flights them
selves is a financial barrier w

hich is not
easy to overcom

e and justify by m
eans of photographs w

hich w
ill soon be

outdated. T
he advantage of satellite technology is precisely that it m

akes it
possible to obtain updated inform

ation at a very low
 cost per area.

It is still true, how
ever, that for som

e specific engineering projects w
hich re-

quire extrem
ely high resolution for electric pow

er transm
ission pylons, for

exam
ple aero-transported technology can be appropriate. H

ow
ever, even

in such cases, satellite technology is show
ing really significant progress,

w
hich in the m

edium
 term

 w
ill provide interesting substitutes, at a low

er
cost per square m

eter, due m
ainly to econom

ies of scale

F
ig. 38.

S
ource: C

O
N

A
E

.

C
apacities of S

A
C

-C
T

he sensibility of the m
ultispectral cam

era to different infrared
bands allow

s the study of plants age and health, m
aking it possible to

predict the results of harvests.
T

his characteristic allow
s the S

A
C

-C
 to m

onitor the advance in soil
desertification that affects our country.

InT
he night sensibility heat cam

era not only perm
its photographing

fields at night, but also the detection of fires in isolated forests.
In the band of visible light, the S

A
C

-C
 is ideal for coastal studies and

for soil and w
ater contam

ination.
T

he satellite evaluates hydroenergetic resources, like the w
aterfall

in the P
arana basin or th snow

 accum
ulation in m

ountains that feed
the Lim

ay, and it can determ
ine areas vulnerable to floods.

In the high bands of visible light, the S
A

C
 can study geological and

m
ining resources.

eft r

1-eee.
-014

A
O

-4

-tr
7

C
ontribution of other countries

1'114

A
k4

12 I-11111E
1

C
A

W

T
he U

nited S
tates set the launch, Included our satellite in its -M

orning C
onstellation"

and put instrum
ents of atm

ospheric study on board. Italy tested several control instru-
m

ents and satellite orientation on the S
A

C
. F

rance m
onitors the effects of cosm

ic radi-
ation on advanced chips. D

enm
ark installed a device lo m

easure the E
arth's m

agnetic
field and B

razil tested the satellite's resistance to therm
o-m

echanic exigencies.

La constelación m
atutina

T
he inclusion of the S

A
C

-C
 in

this group of satellites gives the
C

O
N

A
E

 access to "visual capaci-
ties" for the scientific use of the
four devices for the price of one.
T

he inform
ation IS

 shared under
these restrictions: the T

erra im
-

ages from
 a Japanese cam

era w
ill

not reach our country in real tim
e.

F
inally, the C

O
N

A
E

 can only sell
the im

ages obtained through the
S

A
C

-C
 and the Landsat.
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A
t present, C

O
N

A
E

 is m
aking progress in the devel-

opm
ent of its next satellite, S

A
C

-D
. A

s the diagram
show

s, it w
ill provide im

portant inform
ation about

salinity, clim
ate m

onitoring and environm
ental di-

sasters; it w
ill m

ake it possible to estim
ate crops,

detect fires, air and w
ater pollution, ground hu-

m
idity and so on.
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M
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el!nl

M
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ballar
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ols
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E
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IdR
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P

A
M

P
A

T
he availability of this kind of inform

ation
is

strengthening risk m
anagem

ent, as w
ell as the

m
anagem

ent of disasters in regions and m
unici-

palities. B
y w

ay of exam
ple, the type of product

this kind of technology generates is show
n below

,
for a real case, in the province of La P

am
pa, in A

r-
gentina.

S
ource: C

O
N

A
E

, 2005. M
P

 T
raining C

ourse. International C
harter and C

O
N

A
E

.

-

.
--

P
R

O
M

B
U

E
N

O

International C
harter:

S
pace and M

ajor D
isasters

T
he International C

harter
w

t.,
SP.o

is a m
ission w

hich includes
space agencies and orga-

.14
ooT

nizations
(the

E
uropean

lot
S

pace A
gency, the F

rench, e,.2
,

Indian agencies; the G
eo-

logical S
ervice and the N

a-
tional O

cean and A
tm

osphere A
dm

inistration, of the
U

nited S
tates).

A
rgentinean, Japanese and

N

Its aim
 is to provide, through A

uthorized U
sers, a

unified system
 for the acquisition and delivery of

space data, devoted to areas affected by great natu-
ral or anthropogenic catastrophes. E

ach m
em

ber
agency has com

m
itted resources in support of the

provisions of the C
harter, thus, helping m

itigate the
effects of catastrophes on the lives of people and on
goods.

T
he International C

harter officially cam
e into ef-

fect on N
ovem

ber 1, 2000. A
n A

uthorized U
ser can

now
 request, by m

eans of a sim
ple phone call, the

m
obilization of related space and terrestrial re-

sources (such as R
A

D
A

R
S

A
T

, E
R

S
, E

N
V

IS
A

T
, S

P
O

T
,

IR
S

, S
A

C
-C

, and the N
O

A
A

 and LA
N

D
S

A
T

 satel-
lites) of the agencies in order to obtain data and
inform

ation regarding a catastrophe.
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odeling a flood threat in the province of La P
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T
he areas projected for dam

age assessm
ent w

ere
situated in the N

E
 of C

olom
bia. T

he affected re-
gions w

ere grouped in the P
roject in three (3) ar-

eas. E
ach area is a circle w

ith a 30 km
 radius:

M
unicipality of G

uaranda - D
epartm

ent of S
ucre,

R
ío C

auca, C
olom

bia. G
eographic C

oordinates:
08° 28', -74° 32'.

F
ig. 43. T

hem
atic satellital products of rem

ote optic sensors.
Z

one 3. M
unicipality G

am
arra, D

epartam
ent C

ésar, M
agdalena R

iver

C
harter C

all ID
 076

C
O

LO
M

B
IA

N
 F

LO
O

D

D
E

T
E

C
T

IO
N

 O
F

 C
H

A
N

G
E

S
F

looded Z
one,

R
ecovered Z

one,

1

Y
?.4"

Source: T
ranslated from

 the Spanish version (A
lvaro Soldano; N

ational W
ater Institute; Project M

anager (Floods) Inter-
national C

harter. P
resentation: IN

T
E

R
N

A
T

IO
N

A
L C

H
A

R
T

E
R

: "S
P

A
C

E
 A

N
D

 M
A

JO
R

 D
IS

A
S

T
E

R
S

", at the T
e6f ilo T

abanera
S

pace C
entre (C

E
T

T
). R

egional S
em

inar, A
pril 21 and 22, 2005. C

O
N

A
E

. C
órdoba, A

rgentina).

L
i

M
unicipality of S

an P
ablo - D

epartm
ent of

B
olívar, R

ío M
agdalena, C

olom
bia. G

eographic
C

oordinates: 08° 20' N
, -73° 45.

M
unicipality of G

am
arra - D

epartm
ent of C

esar,
R

ío M
agdalena, C

olom
bia. G

eographic C
oordi-

nates: 07° 30' N
, -73° 55.
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A
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N
D
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S

B
asic concepts

A
 hydrographic basin is a spatial unit consist-

ing of a great diversity of biotic and abiotic
factors w

hich interact w
ith each other. S

olar
energy and precipitations constitute the m

ain
"input" of energy, m

atter and inform
ation

w
hich unleash processes and interactions be-

tw
een the elem

ents of the hydrographic ba-
sin, from

 w
hich "output" responses are gen-

erated, depending on internal structures and
dynam

ics. T
he hydrographic basin acts as a

"system
ic operator", so that any qualitative

and/or quantitative alteration produced in
the input w

ill influence both the global func-
tion and its sub-system

 com
ponents (A

chkar
et al, 2004').

F
igure A

l.

F
uente: M

unicipalidad de Q
uito (2005)

A
chkar et al

- H
acia un

U
ruguay

S
ustentable.

G
estión

Integrada
de

C
uencas

H
idrográficas

2004. ("T
ow

ards a
S

us-
tainable U

ruguay. Integral
M

anagem
ent

of
H

ydro-
graphic B

asins 2004").
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lo

pi
ng

 th
e 

ca
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w
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l u
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n
te
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s 
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an
ag
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g 
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ro
nm

en
ta

l r
is

k.
 In

 th
e 
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st

m
aj

or
ity
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f c

ou
nt

rie
s,

 it
 is

 th
e 

co
ur

se
s 

of
 th

e 
riv

er
s

th
em

se
lv

es
 th

at
 h

av
e 

be
en

 u
se

d 
as

 b
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nd
ar

ie
s 

be
-

tw
ee

n 
di

ffe
re

nt
 m

un
ic

ip
al

iti
es
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nd

/o
r 
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A
n exam

ple of this situation is given below
, w

ith
a m

ap of the m
ain rivers and m

unicipalities of the
P

rovince of S
an José, in C

osta R
ica.

A
s can be

seen, w
atercourses delim

it m
ost of the m

unicipali-
ties. T

his calls for a great capacity for coordination
am

ong m
unicipalities, providing as it does a good

opportunity for cooperation in the vulnerability
and risk reduction, by m

eans of the S
IG

A
, as w

as
show

n above at inter-m
unicipal levels.

T
hreat, R

isk, V
ulnerability

and R
esilience

T
hreat/D

anger: U
nderstood to be the potentially

dam
aging existence of a physical or technological

event, or a com
bination of both, w

hich can cause
loss of life or injury, or m

aterial dam
age, and af-

fect the socio-econom
ic or environm

ental system
.

T
hreats include latent conditions w

hich m
ight m

a-
terialize in the future.'

T
hey m

ay be of different natural (geological, hy-
drom

eteorological and biological) or technological
originresulting from

 the use of m
an-developed

technology. W
ithin the latter are included techno-

logical threats such as the explosion of a chem
ical

or nuclear plant. T
here are also threats w

hich are
caused by a com

bination of factors; for exam
ple,

those w
hich are linked to environm

ental contam
i-

nation and degradation of natural resources, such
as a flood w

hich, although it m
ay be due to heavy

rain, is accentuated by the elim
ination of forests in

a steeply sloping area, resulting from
 farm

ing cus-
tom

s and technologies.

N
atural threats originate in the dynam

ics of the
earth's crust, or the atm

osphere (for exam
ple:

earthquakes, volcanic eruptions, hurricanes, tsu-
nam

is, torrential rains). F
or the purposes of the

project they are sub-divided into hydrom
eteoro-

logical and tectonic threats.

T
echnological threats can be directly attributed

to the application of technology developed by m
an

during the course of his daily activities (produc-
tion, housing, leisure, consum

ption and so on),
w

hich can affect the quality of the environm
ent

or natural resources and the very w
elfare and

quality of life of the population. F
or exam

ple: the
discharge of solid or effluent w

aste, w
hich causes

w
ater contam

ination; em
ission of contam

inating
particles in the air, w

hich causes respiratory dis-
eases; death by w

ar; productive or urban patterns
w

hich degrade the river banks and/or increase su-
perficial overflow

 through urbanization, thus caus-
ing floods and aquifer contam

ination; contam
ina-

tion of freshw
ater layers through the intrusion of

salinity, leading to a deficit of fresh w
ater, etc.).

T
echnological threats are clearly m

ainly linked to
tw

o broad factors: the availability of technology
and the use w

hich society m
akes of it.

R
isk: T

he quantitative or scientific definition of
risk indicates that it is the probability of a threat
or latent danger m

aterializing. T
he concept of risk

has an ex ante m
eaning; that is, before the event

m
aterializes, since w

hen the event occurs,
its

probability is equal to the actual event; that is, it
is a certainty.

T
his probability can be determ

ined either by
m

eans of historical or scientific inform
ation about

the behaviour of the type of threat, or by m
eans of

probabilistic m
odels. F

urtherm
ore, the risk can be

2: T
aken from

 the liyogo
A

ction
F

ram
ew

ork
for

2005-2015:
Increase

of
the resilience of nations
and com

m
unities

in
the

face of disasters, based
on the IS

D
R

 of the U
nited

N
ations,

G
eneva.

In
A

/
C

O
N

 F
.206/L.2 005.
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th

e
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f d
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, b
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n
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e 
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D

R
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f t
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 U
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d 

N
a-

tio
ns

, G
en

ev
a,

 2
00

4.

qu
an
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ie

d 
on
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 s
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e 
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ch

 c
an

 e
ve

n
by

 c
od

ed
 to

 r
ep
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se

nt
 th

e 
pe

rc
ep

tio
ns
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f a

 g
ro

up
or

 o
f a

n 
in

di
vi

du
al

, a
nd

 th
er

ef
or

e 
ap

pr
ox

im
at

e 
a

su
bj

ec
tiv

e 
pr

ob
ab

ili
ty

 b
y 

ty
pe

 o
f t

hr
ea

t. 
In

 th
is

 la
t-

te
r 

ca
se

, p
ro

ba
bi

lit
y 

de
pe

nd
s 

up
on

 in
di

vi
du

al
 a

nd
co

lle
ct

iv
e 

pe
rc

ep
tio

ns
, m

ot
iv

at
io

ns
 a

nd
 a

tti
tu

de
s,

an
d 

do
es

 n
ot

 n
ec

es
sa

ril
y 

co
in

ci
de

 w
ith

 th
e 

sc
ie

n-
tif

ic
-t

ec
hn

ic
al

 p
er

sp
ec

tiv
e,

 b
ut

 it
 is

 v
er

y 
re

le
va

nt
,

in
 p

ar
tic

ul
ar

 in
 th

e 
m

ak
in

g 
of

 d
ec

is
io

ns
 a

bo
ut

 p
la

n-
ni

ng
, a

s 
it 

st
em

s 
fr

om
 th

e 
in

te
ra

ct
io

n 
of

 p
eo

pl
e

w
ith

 th
e 

en
vi

ro
nm

en
t. 

S
uc

h 
in

te
ra

ct
io

ns
 a

re
 th

e
re

su
lt 

of
 r

ea
lit

y 
an

d 
no

t s
im

pl
ifi

ca
tio

ns
 r

es
ul

tin
g

fr
om

 id
ea

liz
at

io
ns

, a
s 

sc
ie

nt
ifi

c 
m

od
el

s 
ar

e,
 w

hi
ch

im
pl

ie
s 

th
at

 th
e 

la
tte

r 
ca

n 
be

 a
nd

 a
re

 s
ub

je
ct

 to
ov

er
lo

ok
in

g 
ce

rt
ai

n 
re

le
va

nt
 a

sp
ec

ts
.

S
oc

ia
l p

er
ce

pt
io

ns
 o

f r
is

k 
ar

e 
no

t f
re

e 
fr

om
 e

rr
or

,
su

ch
 a

s 
w

he
n 

th
ey

 a
re

 th
e 

pr
od

uc
t o

f i
m

ag
in

ar
y

pe
rc

ep
tio

ns
, o

r 
ex

pe
ct

at
io

ns
 fo

un
de

d 
on

 e
ve

nt
s

th
at

 a
re

 n
ot

 e
nt

ire
ly

 tr
ue

 o
r 

w
el

l-g
ro

un
de

d 
on

fa
ct

.

O
n 

th
e 

ot
he

r 
ha

nd
, i

n 
so

ci
al

 te
rm

s,
 p

ro
gr

es
s 

ha
s

be
en

 m
ad

e 
in

 th
e 

co
nc

ep
tu

al
iz

at
io

n 
of

 r
is

k,
 in

as
-

m
uc

h 
as

 th
re

at
s 

ge
ne

ra
te

 in
te

re
st

 if
 th

ey
 p

os
e

a 
la

te
nt

 d
an

ge
r 

to
 a

 p
ar

tic
ul

ar
 s

oc
ia

l g
ro

up
.

It

is
 c

le
ar

 th
at

 th
e 

im
pa

ct
 o

f a
 th

re
at

 o
n 

a 
so

ci
al

gr
ou

p 
de

pe
nd

s 
on

 th
e 

fa
ct

or
s 

th
at

 m
ay

 le
ss

en
 o

r
in

cr
ea

se
 th

e 
re

al
iz

at
io

n 
of

 th
e 

da
ng

er
. T

he
re

fo
re

,
so

ci
al

, e
nv

iro
nm

en
ta

l a
nd

 n
at

ur
al

 fa
ct

or
s 

co
m

e 
to

-
ge

th
er

 to
 p

ro
du

ce
 a

n 
in

te
gr

al
 c

on
ce

pt
 o

f r
is

k.
 In

th
e 

sa
m

e 
w

ay
, w

he
n 

th
is

 in
te

gr
al

 c
on

ce
pt

 m
us

t b
e

m
ea
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d 
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ge
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 w
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 o

th
er

s,
 it
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s 
m

uc
h

m
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e 
de
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ile

d 
pr
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 m

od
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 a

nd
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nt

s 
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 in
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n 

on
 th

os
e 

se
ct

or
s,

 fo
r 
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ev

al
ua

tio
n.

W
hi

ch
 s
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d 
be

 c
ho

se
n?

 T
he

 p
rin

ci
pl

es
 o

f u
nc

er
-

ta
in

ty
 a

nd
 ir

re
ve

rs
ib

ili
ty

 in
di

ca
te

 th
at

 m
or

e 
in

fo
r-

m
at

io
n 

is
 a

lw
ay

s 
be

tte
r 

th
an

 le
ss

, i
n 

pa
rt

ic
ul

ar
 in

th
e 

ca
se

 o
f t

hr
ea

ts
 th

at
 c

ou
ld

 a
ffe

ct
 h

um
an

 li
fe

 a
nd

de
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pm

en
t. 

T
he

re
fo
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 c
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n 
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 D
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 c
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 c
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ra
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on

om
ic

 s
ys

te
m

. I
ts

 m
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at

he
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 r
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m
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 d
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 p
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; f
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 p
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e 

vu
ln

er
ab

ili
ty

is
 g

re
at

es
t i

n 
co

m
pa

ris
on

 to
 o

th
er

 lo
ca

tio
ns

.

E
nv

iro
nm

en
ta

l V
ul

ne
ra
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 r
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 p
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m
echanism

s and the supply of inform
ation, w

hich
can reduce risk and its related effects'.

R
esilience: T

he capacity of a system
, com

m
unity

or society w
hich is potentially exposed to threat,

to adapt, by resisting or changing, in order achieve
or m

aintain an acceptable level of operation and
structure. It is determ

ined by the degree to w
hich

the social system
 is capable of organizing itself in

order to increase its capacity to learn from
 past

disasters and in order to protect itself better in the
future and im

prove risk reduction m
easures.5

E
conom

ic Loss nom
inal vs. constant: E

conom
ic

loss provides an econom
ic valuation of the im

pact
of a disaster on a social group w

ithin a specific
econom

ic context. N
om

inal losses are valued at
m

arket prices; that is, they are m
easured by prices

w
hich the m

arket establishes w
ithin a certain pe-

riod of tim
e; for exam

ple: the valuation w
hich can

be m
ade of the different m

aterials w
ith w

hich a
bridge w

as built; as tim
e passes, the price of those

m
aterials m

ay fluctuateeither rise or fall.
In that

case, the loss (or the affected percentage) of the
bridge can be valued at the price it w

ould cost to
rebuild at the present tim

e (w
ith a replacem

ent
criterion), w

ith the sam
e m

aterials but at current
prices, as an approxim

ation of the opportunity
cost of those resources.

If an accountancy valuation
is carried out, the

book value of the asset is takenw
hich im

plies that

depreciation of the asset (the bridge) through use
has been deducted, as w

ell as its recovery value,
so it

is im
portant to consider these factors in a

m
ore detailed analysis.

C
onstant econom

ic losses are differentiated be-
cause they are valued using the prices in a base
year. T

his m
akes it possible to m

ake a com
parison

betw
een different periods and determ

ine w
hich

events generated the greatest losses. In practical
term

s, a base year is taken and the series of val-
ues is deflated by applying the im

plicit index in the
G

ross D
om

estic P
roduct (G

D
P

).

M
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2. P
rincipal G

eo-m
orphological S

tructures

E
rosion

E
rosion M

ethod
F

orm
s of E

rosion
M

ethod
D

eposition C
ause

N
ature of D

eposits

M
ass M

ovem
ents

-S
lum

p

-Landslides

-A
valanches

-D
isplacem

ent

-R
ockfalls

-M
oraines

-R
ock-fall scars

S
lum

ping
R

ock falls
A

valanches
Landslides
P

lastic flow
S

oil creeping

S
lope decrease

obstruction

W
ater seepage

T
alus cones

R
ock glaciers

M
ud outflow

s

G
ranite deposits

S
urface w

ater

-corrasion

-corrosion

-H
ydraulic effect

F
luvial valleys
P

edim
ent

P
eneplains

F
luvial terrace

W
adis (in deserts)

G
iant m

arm
ites

P
otholes

...

S
uspension

D
issolution, saltation

R
olling

P
ush and drag

S
peed reduction

S
lope decrease

V
olum

e reduction

C
hannel changes

O
bstacles to circulation

A
lluvial fan
B

anks
R

iverbed filling
A

lluvial terrace
D

eltas
Levées

A
lluvial plain deposits

W
ind

D
eflation

C
orrasion

A
brasion

Im
pact

T
runcated hills

H
ollow

ed rocks
M

esa shaped rocks
R

ounded rocks
D

esert varnish
R

eg (rocky desert)
S

triation and ridging. D
rum

lins
P

olished surfaces. C
rescent-

shaped m
arkings. U

-shaped
valleys. T

runcated spurs
G

lacial cirques. H
illed fjords

C
rests. H

orns

S
altation

S
uspension

R
olling

Loss of speed

A
ccum

ulation of
heavy particles

R
ain

Loess

V
olcanic ashes and

volcanic dust

D
unes (barkhane, longitudinal,
transverse, seif, parabolic

G
laciation

E
xtraction (plucking)
A

brasion, scouring

S
uspension

P
lucking

S
urface transport

P
ushing

Ice fusion

B
reakage of ice in the ocean

T
ills, m

oraines (lateral, term
inal,

recess, m
edial, foundation)

E
skers, K

am
es, K

am
e terraces

G
laciofluvial deposits

V
arves, E

rratic boulders

E
m

ergence terraces

S
talactites and stalagm

ites

S
edim

ent cem
ent

(cavity and vein fills)
replacem

ent (petrified trunks)

G
round W

aters
S

olution
C

aves

D
olines

K
arst topography

S
olution (as in surface

running w
ater)

P
recipitations due to

1- evaporation
2- loss of acidity
3- chem

ical reactions
Loss of speed

M
ethodological G

uide for the C
onstruction of the S

IG
A

f1031



T
ab

le
 A

3.
 A

 T
ab

le
 u

se
d 

to
 d

et
er

m
in

e 
th

e 
ge

o-
m

or
ph

ol
og

ic
al

 p
ro

ce
ss

es
 ta

ki
ng

 m
ea

n 
te

m
pe

ra
tu

re
s 

an
d 

pr
ec

ip
ita

tio
ns

in
to

 c
on

si
de

ra
tio

n
C

lim
at

ic
 C

ha
ra

ct
er

is
tic

s 
an

d 
th

e 
ac

tu
at

in
g 

pr
oc

es
se

s 
in

 r
eg

io
ns

 e
st

ab
lis

he
d 

by
 P

el
tie

r 
(1

95
0)

E
xc

er
pt

 fr
om

: C
hr

is
to

fo
le

tti
, A

. (
19

80
).

 G
eo

m
or

fo
lo

gí
a.

 2
. E

di
ci

ón
. B

lu
ch

er
. L

td
a.

(C
hr

is
to

fo
le

tti
, A

. (
19

80
).

 G
eo

m
or

ph
ol

og
y.

 2
nd

 E
di

tio
n.

 B
lu

ch
er

. L
td

.)

[1
04

)

M
or

ph
og

en
et

ic
 R

eg
io

n
B

ou
nd

ar
ie

s 
ca

lc
ul

at
ed

 fr
om

 a
nn

ua
l a

ve
ra

ge
s

T
em

p 
(°

 C
)

P
re

c 
(in

 m
m

)
M

or
ph

ol
og

ic
al

 c
ha

ra
ct

er
is

tic
s

G
la

ci
al

-1
8 

to
 7

0 
to

 1
15

0
- 

gl
ac

ia
l e

ro
si

on
- 

sn
ow

 a
cc

um
ul

at
io

n
- 

w
in

d 
ac

tio
n

P
er

ig
la

ci
al

-1
5 

to
 -

1
12

5 
to

 1
40

0
- 

ac
ce

nt
ua

te
d 

co
lle

ct
iv

e 
m

ov
em

en
ts

- 
m

od
er

at
e 

to
 s

tr
on

g 
w

in
d 

ac
tio

n
- 

w
ea

k 
ef

fe
ct

 o
f r

un
ni

ng
 w

at
er

N
or

th
er

n
- 

9 
to

 3
25

0-
15

00
- 

m
od

er
at

e 
gl

ac
ia

l a
ct

io
n

- 
lig

ht
 to

 m
od

er
at

e 
w

in
d 

ac
tio

n

M
ar

iti
m

e
2 

to
 2

1
13

00
 to

 1
90

0
- 

m
od

er
at

e 
ef

fe
ct

 o
f r

un
ni

ng
 w

at
er

- 
ac

ce
nt

ua
te

d 
co

lle
ct

iv
e 

m
ov

em
en

t a
ct

io
n

- 
m

od
er

at
e 

to
 s

tr
on

g 
ru

nn
in

g 
w

at
er

 a
ct

io
n

Ju
ng

le
16

 to
 2

9
14

00
 to

 2
30

0
- 

ac
ce

nt
ua

te
d 

co
lle

ct
iv

e 
m

ov
em

en
t a

ct
io

n
- 

lig
ht

 e
ffe

ct
 o

f s
lo

pe
-w

as
h

- 
no

 w
in

d 
ac

tio
n

M
od

er
at

e
3 

to
 2

9
90

0 
to

 1
50

0
- 

m
ax

im
um

 e
ffe

ct
 o

f c
ol

le
ct

iv
e 

m
ov

em
en

ts
- 

lig
ht

 g
la

ci
al

 a
ct

io
n 

in
 c

ol
de

r 
ar

ea
s

- 
in

si
gn

ifi
ca

nt
 w

in
d 

ac
tio

n,
 e

xc
ep

t i
n 

co
as

ta
l a

re
as

S
av

an
na

h
12

-2
9

65
0 

to
 1

30
0

- 
lig

ht
 to

 s
tr

on
g 

ru
nn

in
g 

w
at

er
 a

ct
io

n
- 

m
od

er
at

e 
w

in
d 

ac
tio

n

S
em

i-A
rid

2 
to

 2
9

25
0 

to
 6

50
--

 s
tr

on
g 

w
in

d
ac

tio
n-

m
od

er
at

e 
to

 s
tr

on
g 

ru
nn

in
g 

w
at

er
 a

ct
io

n

A
rid

13
 to

 2
9

0-
40

0
- 

st
ro

ng
 w

in
d 

ac
tio

n
- 

lig
ht

 a
ct

io
n 

of
 r

un
ni

ng
 w

at
er

 a
nd

 c
ol

le
ct

iv
e 

m
ov

em
en

ts

-



S
oil C

lassification

T
extural T

riangle according to P
ercent-

ages of S
and, M
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lay

A
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Y
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Y
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fiatT
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V
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S
ocial and E

conom
ic

C
oncepts

E
conom

ic and F
inancial Instrum

ents: T
hese are

arrangem
ents w

hereby a relationship is estab-
lished for the rendering of, and paym

ent for, a ser-
vice. In norm

al situations of m
arket transactions,

price is the econom
ic instrum

ent par excellence. In
the case of loans, the interest rate acts as a finan-
cial instrum

ent. H
ow

ever, in m
any cases, such as

in a vulnerability reduction service, it is necessary
to m

ake explicit the econom
ic instrum

ent through
w

hich beneficiaries are identified, as w
ell as the

w
ays in w

hich a fraction of those benefits m
ay be

recovered by m
eans of a paym

ent plan.

Incom
e D

istribution: T
his is a global econom

ic in-
dicator that show

s the relationship betw
een the

population and national incom
e during a specific

period. It show
s how

 national incom
e is distrib-

uted am
ong the various com

ponents of produc-
tion (land, labor, capital and organization). In this
m

anner, incom
e corresponds to land; salaries and

w
ages to labor; profits and interest to capital, and

benefits to organization. T
he com

bination of sala-
ries, w

ages, profits, interests and incom
e m

ake up
the national revenue, w

hich is distributed am
ong

all those w
ho have contributed to generating it. 6

P
overty: P

overty is a com
plex and m

ulti-dim
en-

sional phenom
enon, and thus there are m

any

definitions and w
ays of m

easuring it. T
raditionally,

poverty has been defined as a state of m
aterial

deprivation, m
easured through the individual's or

the fam
ily's incom

e or consum
ption. H

ow
ever, as

E
C

LA
C

 puts it, not only should the lack of basic
m

aterial needs be taken into account, but also per-
sonal self-realization, participation in society, en-
vironm

ental quality, freedom
 and hum

an rights.

E
xtrem

e P
overty: E

xtrem
e or absolute poverty is

the lack of the necessary incom
e to satisfy basic

food needs. T
hese needs are usually expressed in

term
s of m

inim
um

 calorie requirem
ents. T

here
is also a definition applied to general or relative
poverty, w

hich is the lack of the incom
e necessary

to satisfy both basic food needs and other kinds
of basic needs, such as clothing, energy and hous-
ing.

A
ssets: A

n asset is everything of value w
hich a

person or a com
pany ow

ns, including accounts
receivable, real and tangible assets, such as land,
buildings, factories, m

achinery, furnishings and
other goods, and financial assets: m

oney, secu-
rities, credit, and intangibles such as copyright,
ideas, know

ledge, know
-how

, brands and so on.

P
overty P

ercentage Index (F
G

T
_O

): T
his indicator,

know
n as the Incidence or H

eadcount Index, m
ea-

sures the proportion of individuals or fam
ilies w

ho
are below

 the P
overty Line, and represents the pov-

6 A
ccording

to
http://

w
w

w
.definicion.org/dis-

tribucion-del-ingreso.
10/01/07.
7 S

ee U
N

D
P

 P
overty R

e-
port 2000, at http://w

W
w

.
undp.org/povertyreport/.
10/01/07.
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e
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n.
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e 
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e 
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to
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P
ov
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ty

 G
ap

 P
er
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nt
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de
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(F

G
T
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):

 M
ea
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s
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 m
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ve

rt
y
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en
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 in

de
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fic

ie
nt

,
w

he
re

 th
e 

la
tte

r 
is

 d
ef

in
ed

 b
y 

th
e 

di
ffe

re
nc

e 
be

-
tw

ee
n 

th
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ng

 g
re

at
er

 w
ei
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t t

o
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th
e 

in
co

m
e 

of
 p

oo
re

r 
pe

op
le

. F
or

 th
is

 r
ea

so
n,

 if
th

e 
in

co
m

e 
of

 in
di

vi
du

al
s 

or
 fa

m
ili

es
 is

 v
er

y 
cl

os
e

to
 th

e 
P

ov
er

ty
 L

in
e,

 F
G

T
_2

 te
nd

s 
to

 ta
ke

 v
al

ue
 0

(z
er

o)
. O

n 
th

e 
ot

he
r 

ha
nd

, i
f t

he
 in

co
m

e 
of

 th
e 

po
or

is
 v

er
y 

fa
r 

fr
om

 th
e 

P
ov

er
ty

 L
in

e,
 F

G
T

_2
 te

nd
s 

to
sh

ow
 v

al
ue

s 
cl

os
e 

to
 F

G
T

_O
. I

t i
s 

ca
lc

ul
at

ed
 b

y 
ta

k-
in

g 
th

e 
sq

ua
re

 o
f t

he
 s

um
 o

f t
he

 in
co

m
e 

ga
p 

co
ef

-
fic

ie
nt

s 
fo

r 
ea

ch
 lo

ca
lit

y 
m

ul
tip

lie
d 

by
 th

e 
in

ve
rs

e
of

 th
e 

to
ta

l p
op

ul
at

io
n.

'L
ite

ra
cy

 R
at

e:
 S

ho
w

s 
th

e 
pe

rc
en

ta
ge

 o
f p

eo
pl

e
w

ho
 a

re
 c

on
si

de
re

d 
to

 b
e 

lit
er

at
e.

 It
 is

 c
al

cu
la

te
d

by
 ta

ki
ng

 th
e 

nu
m

be
r 

of
 li

te
ra

te
 p

eo
pl

e 
in

 e
ac

h 
lo

-
ca

lit
y,

 a
s 

a 
pe

rc
en

ta
ge

 o
f t
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l p

op
ul

at
io

n.

Ill
ite

ra
cy

 R
at

e:
 S

ho
w

s 
th

e 
pe

rc
en

ta
ge

 o
f p

eo
pl

e
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id

er
ed

 to
 b

e 
ill

ite
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te
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w
ho

 c
an
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t r

ea
d 

or
w

rit
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. I
t i

s 
ca
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ul

at
ed
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s 

a 
ra

tio
 b

et
w

ee
n 

th
e 

il-
lit

er
at

e 
po

pu
la

tio
n 

in
 e

ac
h 

lo
ca

lit
y 

an
d 

th
e 

to
ta

l
po

pu
la

tio
n.

S
oc

ia
l S

ec
ur

ity
 R

at
e:

 S
ho

w
s 

th
e 

pe
rc

en
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ge
 o

f
th

e 
po

pu
la

tio
n 
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d 

by
 th

e 
so

ci
al
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ec

ur
ity
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-
te

m
 (
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e 
ca

se
 o

f C
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ta
 R

ic
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. I
t i

s 
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ed

 b
y
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ki

ng
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m
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h 
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y 
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 c
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to
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l p
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at
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n.

La
ck
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f S

oc
ia

l S
ec

ur
ity

 R
at

e:
 S

ho
w

s 
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e 
pe
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en
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ag
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pu
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t c
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cu
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 c

al
cu
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d 
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ki
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e
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m
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 d
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no
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ve

ra
ge

 d
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to
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l p
op

ul
at

io
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F
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te

m
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m
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lit
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 fl
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 a

 g
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w
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 d
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io
d 

of
 ti

m
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en
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m
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e
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re
la

tiv
e 

in
eq

ua
l-

ity
 o

f i
nc

om
e,

 s
ho

w
in

g 
va

lu
es

 b
et

w
ee

n 
ze

ro
 a

nd
on

e.
 T

he
 c

lo
se

r 
th

e 
G

in
i i

nd
ex

 is
 to

 o
ne

, t
he

 g
re

at
er

th
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e
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.



P
olarization Index: A

ttem
pts to m

easure the disap-
pearance of the m

iddle class and the form
ation of ex-

trem
e distribution groups. T

he index divides incom
e

distribution into tw
o groups. It show

s a value equal
to 0 (zero) if there is no polarization. In this case,
there is a perfect distribution of incom

e. It show
s a

value of 1 (one) if there is com
plete polarization, in

w
hich case there is a perfectly bim

odal distribution
of incom

e in the group being studied. It is calculated
by duplicating the area betw

een the Lorenz C
urve

and the line tangent to the incom
e m

edian point.

E
m

ploym
ent R

ate: T
his is the percentage of the

population w
hich is em

ployed. T
he calculation of

this rate depends on the param
eters established by

the statistics and census bureaus; the population
to be m

easured w
ill vary. In the case of C

osta R
ica,

the population aged 12 and over is m
easured.

O
pen U

nem
ploym

ent R
ate: T

his is the percentage
of the population w

hich is unem
ployed, in relation to

the w
orkforce. T

he w
orkforce is defined as both em

-
ployed and unem

ployed individuals, in accordance
to the criteria used by the statistics and census bu-
reaus of each country.

E
conom

ically Inactive P
opulation: T

hese are all
of the people of 12 years of age and over w

ho did
not w

ork during the reference w
eek, nor looked

for w
ork during the previous five w

eeks.
T

he
group includes: pensioners and retired individuals,
students, people w

ho w
ork at hom

e, people w
ho

are unable to w
ork and other inactive people. T

hat
is, all the people w

ho do not belong to the w
ork-

force.

E
conom

ically A
ctive P

opulation: A
ll the people

aged 12 and over w
ho w

orked during the reference
w

eek.

P
overty Line: T

he lim
it beyond w

hich quality of life
or w

elfare levels becom
e socially unacceptable. It

is the lim
it beyond w

hich incom
e is insufficient to

cover the basic needs of a hum
an being, w

here
food staples play an im

portant role in indicating
poverty m

easurem
ent.

H
ealth Insurance and Lack of H

ealth Insurance: A
person, m

an or w
om

an, is covered by health insur-
ance w

hen he or she has the right to receive, in full
or in part, the benefits of H

ealth Insurance. T
he

person m
ust fulfill certain conditions regarding

dues, relationship w
ith or econom

ic dependence
on the affiliated m

em
ber, or the fam

ily's socio-
econom

ic situation. A
 person is not covered w

hen
he or she does not fulfill the required conditions,
and therefore does not have the right to receive
the partial benefits of H

ealth Insurance.

G
ood, M

edium
 and P

oor Q
uality H

ousing: T
his

is the classification established by the N
ational

S
tatistics and C

ensus Institute (IN
E

C
 in S

panish)
of C

osta R
ica, w

here the param
eters to be con-

sidered are the types of m
aterial: the state of the

w
alls, roof and floors; the availability of basic utili-

ties such as electricity, w
ater and sanitation.

A
verage N

um
ber of D

eaths by F
lood: M

easures
the num

ber of people deceased per year in floods
per geographic locality in w

hich the deaths w
ere

reported, during the period of tim
e established for

the analysis.

M
ethodological G

uide for the construction of the S
IG

A
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m
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g 
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ee
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hs
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b-
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gi
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e 
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gi
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iv

id
ed
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e 

di
s-
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e 
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ee

n 
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e 
m

ax
im

um
 a

nd
 m

in
im

um
 n

um
-

be
r 

of
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ea
th

s 
in

 th
e 

su
b-

re
gi

on
s:

M
P

I -
M

P
IA

)
IV

M
I=

M
ax

(M
P

li,
M

P
IA

)
M

P
IA

)

M
 P

li:
(D

F
li)

 A
ve

ra
ge

 n
um

be
r 

of
 D

ea
th

s 
by

 F
lo

od
in

 lo
ca

lit
y 

i.

M
P

IA
):

 (
M

in
{D

F
li,

D
P

I,»
M

in
im

um
 n

um
be

r 
of

 D
ea

th
s 

by
 F

lo
od

 in
 th

e
to

ta
l n

um
be

r 
of

 o
bs

er
va

tio
ns

.

M
ax

(M
P

li,
M

P
IA

):
 (

M
ax

{D
F

li,
D

F
IA

})

M
ax

im
um

 n
um

be
r 

of
 D

ea
th

s 
by

 F
lo

od
 in

 th
e

to
ta

l n
um

be
r 

of
 o
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er

va
tio

ns
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T
hi

s 
in

de
x 

pe
rm

its
 c

om
pa

ris
on

s 
in

 th
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in
te

rio
r

of
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ub
-r

eg
io

ns
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f t
he

 m
un

ic
ip

al
ity
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t w

ill
 s

ho
w

 a
va
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e 
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to

1(
on
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r 
lo
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w
hi
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ig
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er
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 c
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fo
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w
hi

ch
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 le

ss
 v
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e 
to
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ea

th
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by
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oo
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A
ve

ra
ge

 N
um

be
r 

of
 V

ic
tim

s 
pe

r 
F

lo
od

: M
ea

su
re

s
th

e 
nu

m
be

r 
of

 p
eo

pl
e 

w
ho

 a
re

 in
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re
d 
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ou
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ed
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 fl
oo

ds
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er
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r,

 p
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 g
eo

gr
ap
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c 

lo
ca
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y 

w
he
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de

at
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 w
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e 
re
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rt

ed
, d

ur
in

g 
th

e 
pe

rio
d 

of
 ti

m
e

es
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bl
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he
d 

fo
r 

th
e 

an
al

ys
is

.

F
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ul
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lit
y 

In
de

x:
 T

hi
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 c

al
cu

-
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d 

in
 th

e 
sa

m
e 

w
ay
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s 

th
e 

D
ea

th
 b

y 
F

lo
od
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de

x,
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pt
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 in
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is
 c

as
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ra

m
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m
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av
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s 
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 1
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 c
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lit

y
lo
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ns
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ra
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 b
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 d
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rio
d 

of
 ti

m
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H
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 A
ffe
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 b
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F
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 c
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ra
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F
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ra
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, r
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T
he form

ula em
ployed for its calculation w

as:

I V
C

I =
 [1/3 (P

i" +
 P

2" +
 P

O
]

P
, : P

overty P
ercentage Index.

F
lood V

ictim
s V

ulnerability Index.
H

ousing A
ffected by F

loods V
ulnerability

Index.
r =

3

T
he index uses a value of

(\
equal to 3 (three) in

order to assign a greater w
eight to the com

ponent
w

here vulnerability is greater. C
onsequently, if a

increases, the C
F

V
I w

ill tend to take the value of
the com

ponent in w
hich vulnerability is greater.

V
alues closer to 0 (zero) show

 that there is no de-
gree of vulnerability to flooding in a specific local-
ity, and values close to 100 (one hundred) show
m

axim
um

 com
posite vulnerability to floods.

In order to m
ake a com

parison betw
een m

unicipal-
ities and determ

ine w
hich the districts w

ith higher
vulnerability m

ay be, the m
axim

um
 and m

inim
um

values m
ust be taken for all the m

unicipalities to
be com

pared. F
or the analysis proposed in this

m
anual, the com

parison w
ill be m

ade at the can-
tonal level; that is, the districts of the m

unicipal-
ity of S

an José w
ill be taken, and these cannot be

com
pared to districts in another m

unicipality, un-

less data for the latter are included and m
axim

um
and m

inim
um

 values are obtained for the tw
o

provinces to be com
pared. T

his is due to the spe-
cific characteristics of vulnerability m

easurem
ent

and the geographic unit used for quantification.

F
or the C

om
posite F

lood V
ulnerability Index (b),

the sam
e analysis as in type (a) is indicated, except

that here, the P
overty P

ercentage Index, the F
lood

V
ictim

s V
ulnerability Index and the E

conom
ic Loss

V
ulnerability Index are taken into account.

Internal B
enefit R

ate: T
his is the inferred rate, in

w
hich the difference betw

een the present value of
the benefits and the cost of the project, after de-
ducting the initial investm

ent, is equal to zero.

It is calculated as follow
s:

n

Io =
(1+

T
ir)"

T
ir =

 Ibr : Internal B
enefit R

ate.
I o : Initial Investm

ent.
(B

i - C
i): N

et incom
e for period i.

In general, if a tim
e horizon greater than three

years is used, com
plications w

ill tend to arise, and
therefore, the result m

ay be found by using inter-

polation m
ethods or by m

eans of softw
are such as

E
xcel, as show

n in the table below
:

B
8

A
 =

T
iR

(132:137)

A
Y

ear
D

ata

-70000
12000

2
15000

3
18000

6
4

21000
7

26000

8
!R

R
9%

I

T
able A

4.

C
apital

Investm
ent: A

 m
onetary m

easurem
ent

w
hich show

s investm
ent in construction, acquisition

of processes, equipm
ent and m

achinery, and inven-
tory variations.

Investm
ent in P

revention and M
itigation: A

 m
on-

etary m
easurem

ent w
hich show

s investm
ent in the

acquisition of processes (increase in know
ledge,

sound practices, etc.), structures or construction,
equipm

ent and m
achinery and variations in stock,

for the purpose of prevention and m
itigation of

disaster im
pact. N

orm
ally, tw

o large groups are
identified: structural and non-structural.

In gen-
eral, a com

bination of these is found (for exam
ple,

an E
arly W

arning S
ystem

 supported by equipm
ent,

or new
 legislation to im

prove building codes, etc.).

D
escription

Initial Investm
ent

N
et revenue for the first year

N
et revenue in the second year

N
et revenue for the third year

N
et revenue from

 the fourth year
N

et incom
e of the fifth year
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'
S

tandard errors in pa-
renthesis.

T
he

correct
calculation of the error is
a fundam

ental part of any
M

ap of E
xtrem

e P
overty,

since w
ithout it it is im

pos-
sible to determ

ine if the
observed

differences
in

the estim
ate are signifi-

cant or not. C
ells w

ith no
inform

ation correspond to
unused variables for the
corresponding significant
region.

S
ource: T

ranslated from
 the

S
panish version (E

M
N

V
).

Independent V
ariables

S
ignificant R

egions

M
anagua

P
acif

U
rban

R
ural

C
entral

U
rban

R
ural

A
tlantic

U
rban

R
ural

B
A

G
U

A
0.0563

0.1374
0.1219

0.1374
0.2324

0.0354
0.2200

W
ater

(0.0526)
(0.0411)

(0.1064)
(0.0532)

(0.0876)
(0.0854)

(0.2254)

M
R

A
G

U
A

0.0284
P

oor R
ural W

ater
-

-
(0.0600)

M
U

A
G

U
A

-
-0.0850

-0.0900
vi

(LI
P

oor U
rban W

ater
-

(0.0647)
-

(0.0763)

.
_ >

,_.
a,

LE
T

R
IN

A
E

xistence of Latrine
-0.0100
(0.1210)

0.0039
(0.0869)

-0.0200
(0.0465)

0.1092
(0.0863)

0.0080
(0.0363)

0.0205
(0.0909)

0.0828
(0.0651)

u-,
C

O
N

A
G

N
E

T
oilet W

ith S
ew

age D
isposal
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S
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N
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P
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(0.0163)

a,t7,_

oa,

P
M

E
12

P
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C
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°
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ra
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.
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 d
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. T
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 d
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 p
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 c
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D
. V

ariables related to Lighting

B
LU

Z
 (G

ood lighting). E
lectric pow

er is
available in the dw

elling.

E
. D

em
ographic V

ariables.

T
P

E
R

V
 (Individuals in the dw

elling). T
he

total num
ber of persons in the dw

elling.

P
M

E
I12 (P

ercentage of persons aged 12
or less). T

he proportion of persons of 12
years of age or less, w

ith respect to the
total num

ber of persons in the residence.

P
M

A
I65 (P

ercentage of persons aged 65
or over). T

he proportion of people of 65
years of age or over, w

ith respect to the
total num

ber of individuals in the dw
ell-

ing.

M
1865 (A

verage education of persons
aged betw

een 18 and 65). A
verage educa-

tion levels of people aged betw
een 18 and

65 in the dw
elling.

F
.

V
ariables related to H

ead of H
ousehold

JM
U

JE
R

 (F
em

ale H
ead of H

ousehold). T
he

head of the household is a w
om

an.

JE
F

U
N

I (H
ead in union). T

he head of the
household is in a com

m
on-law

 m
arriage or

cohabitation.

JE
F

IN
D

 (H
ead speaks indigenous

lan-
guage). T

he head of the household speaks
m

iskito and/or sum
o.

JE
F

C
A

S
 (M

arried H
ead). T

he head of the
household is m

arried.

G
. V

ariables related to other characteristics
of the dw

elling's Inhabitants.

P
IN

D
IG

 (P
ercentage of people w

ho speak
indigenous language). T

he proportion of
total num

ber of individuals w
ho speak

m
iskito and/or sum

o since childhood, w
ith

respect to the total num
ber of people in

the dw
elling.

T
H

IJN
V

I (T
otal infants born alive). T

he
total num

ber of children born alive in the
dw

elling.

H
A

C
IN

 (O
vercrow

ding index). T
he total

num
ber of persons per room

 used exclu-
sively for sleeping in the house.

M
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E
m

phasis is placed on the fact that disaster
risk inform

ation m
ust be incorporated into

the school syllabus in order to reduce that
risk. P

riority should be given to im
plem

enting
both local and national program

s to prom
ote

com
m

unity participation in the reduction of
disaster risk, by using the m

ass m
edia, in or-

der to encourage a culture of resilience in the
face of disasters. A

ttem
pts w

ill be m
ade, w

ith
the help of research, to strengthen technical
and scientific capabilities to produce and apply
m

ethodologies, studies and evaluation m
odels

of vulnerability factors and m
ake them

 public
so that the population is aw

are of them

A
m

ong underlying risk factors, m
ay be found

econom
ic, social, environm

ental and land use
factors, as w

ell as those related to geological,
m

eteorological and hydrological phenom
ena,

clim
ate variability and change. T

he P
lan incor-

porates a series of strategies and program
s for

sectorial developm
ent, w

hich seek to encour-
age ecosystem

 m
anagem

ent and sustainable
use, prom

oting the reduction of risk associated
w

ith current clim
ate variability and changes

foreseen in the future. F
ood safety guidelines

should also be included as an im
portant factor

ensuring the com
m

unity's resilience, and there
is concern that hospitals should be built to re-
sist disaster im

pacts and that their capacity in
disaster situations be strengthened, also in the

case of key public institutions and infrastruc-
tures. R

ecom
m

endations should be provided
regarding the im

plem
entation of risk reduction

m
echanism

s, such as insurance and reinsur-
ance against disaster, encouraging the private
sector to participate in disaster reduction ac-
tivities and the im

plem
entation of planning

evaluation program
s, both in urban and rural

areas.

T
o reduce im

pact and loss in areas exposed to
disaster hazards, preparation is im

portant, as
is the readiness of both authorities and com

-
m

unities. T
o this end, strengthening m

easures
and the prom

otion of com
m

unication should
be encouraged, as w

ell as the preparation of
coordinated approaches in order to im

prove
policies, plans and operational m

echanism
s,

w
hich m

ust be periodically revised and up-
dated. F

inally, m
ention is m

ade of the setting
up of em

ergency funds in support of response
m

easures such as recovery and preparedness
in disaster situations.

M
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onstruction of the S
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B
ooks and A

rticles on D
isasters

http://w
w

w
.desenredando.org/publialibros/1998/

m
pc/M

P
LC

-M
O

D
4_ene-29-2003.pdf

LA
 R

E
D

 ("T
he N

etw
ork")'s guide to local risk m

anage-
m

ent.

w
w

w
.sociedadevaluacion.org/noticias/656%

5B
W

/o5D
.

P
ol%

E
D

ticas.P
%

F
A

blicas.pdf 25/01/07
A

 book on public policies on vulnerability reduction in
the face of natural and socio-natural disasters. V

ar-
gas, Jorge E

nrique.

w
w

w
.ssn.unam

.m
x/P

ostgrado/gestion_riesgo.pdf
25/01/07
E

valuation of the socio-econom
ic im

pact of the m
ain

natural disasters on industry and com
m

erce.

International C
harter W

ebsite

http://w
w

w
.disasterscharter.org/m

ain_e.htm
l 25/01/07

S
how

s a series of new
s item

s and inform
ation about

disasters in w
hich satellite assistance has been indis-

pensable for disaster m
anagem

ent and m
onitoring,

risk determ
ination and dam

age assessm
ent.

O
rganization of A

m
erican S

tates W
ebsite

http://w
w

w
.oas.org/searching/adyguery.asp 25/01/07

S
how

s a series of publications related to m
itigation

and policies em
ployed by O

A
S

 m
em

ber states.

A
ssociation of C

aribbean S
tates W

ebsite

http://w
w

w
.acs-aec.org/desastres.htm

 25/01/07
Includes docum

ents on training w
orkshops, financial

m
echanism

s and other articles on disaster preven-
tion, in w

hich cooperation am
ong m

em
ber states

w
hen disasters occur is underlined.

C
R

E
D

 W
ebsite

http://w
w

w
.cred.be/ 25/01/07

A
 series of databases on disasters at the internation-

al level m
ay be found on this w

ebsite, as w
ell as new

s
and projects prom

oted by the C
entre for R

esearch on
the E

pidem
iology of D

isasters aim
ed at im

proving the
quality of the population's response to the effects of
disasters.
A

m
ong the databases on this w

ebsite, are:

T
he International D

isaster D
atabase (E

M
-D

A
T

): P
ro-

vides m
ethodologically-com

piled data on global disas-
ter occurrence and im

pact of disasters.
E

M
-S

E
A

N
E

T
: A

 project to im
prove the quality of public

health response in disaster and conflict-affected popu-
lations in S

outheast A
sia.

T
he C

om
plex E

m
ergency D

atabase (C
E

-D
A

T
): S

how
s

standardized and com
prehensive data on the im

pact
of em

ergencies due to disasters have on hum
ans.

T
he B

ibliography D
atabase (E

M
-B

IB
): S

how
s a collec-

tion of publications on disasters, conflicts and their
hum

an im
pacts.

N
ational C

om
m

ission for S
pace A

ctivities

http://w
w

w
.conae.gov.ar 25/01/07

P
rovides space inform

ation regarding em
ergency

m
anagem

ent processes, using satellite inform
ation

as a tool for the early detection and m
onitoring of

the different disaster-prone areas.

M
ethodological G

uide for the C
onstruction of the S

IG
A

[119]
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C
anada's International D

evelopm
ent R

esearch C
entre (ID

R
C

) is
one of the w

orld's leading institutions in the generation and
application of new

 know
ledge to m

eet the challenges of
international developm

ent. F
or m

ore than 37 years, ID
R

C
 has

w
orked in close collaboration w

ith researchers from
 the developing

w
orld in their search for the m

eans to build healthier, m
ore

equitable, and m
ore prosperous societies.

ID
R

C
's U

rban P
overty and E

nvironm
ent P

rogram
 (U

P
E

) supports
integrated and participatory research to reduce environm

ental
burdens on the urban poor and enhance the use of natural
resources for food, w

ater, and incom
e security. C

ontributing
know

ledge to inform
 achievem

ent of the M
illennium

 D
eveloopm

ent
G

oals. U
P

E
 envisions a w

orld in w
hich urban citizens thrive in

healthy and dignified environm
ents -w

here all stake- holders,
including those m

ost m
arginalized, play an active and effective role

in sustainable developm
ent.

U
rban P

overty and E
nvironm

ent (U
P

E
)

International D
evelopm

ent R
esearch C

entre

P
O

 B
ox 8500, O

ttaw
a, O

ntario
C

anada
K

1G
 3H

9
phone: (+

1-613) 236-6163
F

ax: (+
1-613) 238-7230

E
m

ail: upe@
idrc.ca

w
w

w
.idrc.ca/upe
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