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Operative GIS-Based Methodology

Let’s see the space-time framework of the methodology

CONCEPTUAL
MODEL

.ml

k1l

m2

k1

Y P >D = Domain of assessment
B >m = Stressor elements

---4---> K = Vulnerability elements

The model characterizes their interaction in a space-time

frame

STRESSOR
VULNERABILITY
INTERACTION
FRAME - SVIF

k1

m1 m?2
; S ! : ki




Each stressor element mi is characterizated by stressor
attributes or pressure attributes in space-time frame so that
we write them in a space-time function aii(r,t).

mi=2.ai (r,t) uj

EX.

Emission of traffic produces several pollutants each one with is
concentrations, with its “story”.

mi=ai (rt) ui+az (nt) uz2+...

| N T

Stressor Concentration function Space of ai1 function
element (sampled function or corresponding with one of
modelling simulation) our GIS space

Mistreet1=aipmi0 (I,t) UPMi0+A1noise () Unoiset ...
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It is possible to introduce a general stressor frame o(r,t)
which takes into consideration all stressor elements of
assessment domain.

o(r.t u u_ . This row takes into
(r,t) PM1Q noise I\\ consideration different

m a a : > contribution given only by
streetl 1PMid lnoise 4 mstreet:1 ON all pressure
m, d5pmid A5 npice / attributes (indicators)

M3 N\ 93pm10 V 93noise

A4
This column takes into consideration
contributions given by all stressor
elements ON PM10 space

o(r,t) is defined on Domain of assessment and represents the
STATE OF ANTHROPIC PRESSURE ON THE SYSTEM

- it is now necessary to introduce environment in the model






CALCULATING CUMULATIVE IMPACTS

STRESSOR ELEMENTS VULNERABILITY ELEMENTS
TENSOR OF STRESSOR o(rt) TENSOR OF VULNERABILITY ¢(r,t)
u-frame u, u, UoTHER v-frame v, v, Vether
TYPE 1 v v K . 0'
TYPE 2 0 v :
K, 0 v

OTHER

type Kother J/

Pressure attribute associated with ranking Vulnerability attribute

analysis of models (University of Brescia)

MATRIX OF CORRELATION 6

a(rt) e(rt)
Uy u; UoTHER
v, 4 v
v, 0 v



It is possible to study the interaction frame previously
introduced by conceptual model
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For example, if ai: is concentration of PM10 [pg/mc] and bi: is
urban density [people/mq], we can study interaction through
report analysis.

dii=[L1...Ln]

b11=[|1...|m

Report Matrix
A\VB produtt.  salvag. trasform. residenz. ant.formazcomm.le parco.chie agricola
| ovel.4 | 866 591 532 1616 52
ovelz [ 1HE2 0 0 0 85
L ovels  [M0EE 0 0 0 0 10
ovelq | 1B 0 0 0 0 0
L ovels |01 0 0 0 0 0 0 0
Values of intersections between level areas.
IClick on each cell to display related cells
or save whole matrix in a XLS file
| Export Matrix | | Export Levels | | Done |
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Calculation of past, present and future cumulative impacts:

a) Cumulative o-frame _fcdt
b) Cumulative o-s-frame | o-e dt = [idt

o(r,t) and i(r,t) have Lilj state “outcomes” and we can
compute then in past, present and future or having a
istantaneous value of the matrix function.

i(L3l2) i(L212) i(L112) i=12
e el e AL
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I_::' EE" to < ] I:EE'II:Ei t1 i . I:;;' 3 ) i . I:EE- T
fodt=3 fodt=>5 fodt=6 o(rT)=6

fidt=5 [idt=9 fidt=12 i (rT)=12



Cumulative impacts: an example

TENSOR OF STRESSOR Upio u
o(rt) =
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DCGIS tool produces cumulative impact matrixes for specific
stressor-vulnerability interaction.
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Graph report (h. 8)

Graph report (h. 17)

B pineoort imesr0 ko L T
Pars choice Caolar I bl
hin value 0.4 0-50 dB L1
hfzx value 100 8z
50-60 dB L2
o B3 60-70-dB 13
[] MultiMatrix CAETATED ==
[ Separated 49 70-80 dB L4
V] Y-ticks . > 80 dB L5
R r 11
— ecepto
16
[ ] mtegral
[]1HEA count |3 ] % . L L
. L1 1 L4 I1
L2 L5
| cancel | L
Temporal graph of level L4
Bremporalaraphoniivs o
Pars choice Caolor I
Min walue 0.0
32
Max value 3.0
26
MultiMatrix
[ ] separated 19
[¥] Y-ticks 13
Plain
6538
[ ] ntegral 3 3 3 3 3 3
0 0 0 0 0
HEA nt |3.0 %
(A count | ne00 11:00 o 02:00 nrm 0500
09:00 arm 12:00 noan i 03:00 prm 0
Apply | Cancel 10:00 prn 01:00 pm 04:00

_ GraphReport Time 17:00 x Ksito L] ﬂ
Pars choice Colar
Min value oo 0-50 dB L1

a2
Max value 100

50-60 dB L2

£ 60-70 d | le
[ ] MultiMatrix 60-70 dB L3
[] Separated 49 70-80 dB L4
[¥] Y-ticks - > 80 dB L5
Plain Receptor 1

16
[ Integral

3
3.0 o
[ ] HEA count I L m
L2 n L5
oy | Cancel | .

Temporal graph of level L2

Eremporalgraphontivs2x0 L B
Pars choice
in value
Wax value 35.0 32
26
[ ] MultiMatrix
[ ] Separated 19
Y—ﬁcks 13
¥l Plain Ly
6.38
[ Integral .
0
HEA count |3-U %
= 0g:00 11:00 pm 0200 prm 0500
0g:00 am 12:00 noon prm 03:00 pm o
il ﬂl 10:00 prm 01:00 pm 04:00




CONCLUSIONS

- DCGIS methodology provide a general framework for
cumulative impact analysis and evaluation, working with
different kinds of analitical model defining pressure and
vulnerability indicators;

- Mathematical vectorial characterization of stressors
and vulnerability elements introduce a new algebra for
computing impacts in space-time frame;

-A GIS based tool for managing cumulative effects in terms
of prevention, protection and mitigation in planning
activities and control (scenarios comparative assessment)

-Operative language for managing different levels of
complexity with an iterative process of assessment (EIA,
SEA and Regional Risk assessment).
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