Expedient Methods in Environmental Indexing
2002 ESI, 2004 UNDP Hotspots Report

K. Abayomi’ G. Yetman®? U. Lal® A. Gelman'

"Department of Statistics
Columbia University

2CIESIN
Columbia University

3Department Of Environmental Engineering
Columbia University

26th October 2004



Outline

o Introduction

@ Working Definition of Environmental Index

e First Take: 2001-2002 ESI
@ Mandate: Provide a state level index which captures meaning of Environmental
Sustainability
@ ESI Layout and Computation
@ ESI Missingness and Imputation
@ ESI: Results

e Second Take: BN of Disaster Dependency in Peru
@ Mandate: Generate a dependency model with disaster data
@ Implementation and Results: Peru

0 Third Take: UNDP Global Disaster 'Hotspots’ Report
@ Mandate: Highlight overlap and potential for interaction among hazards and
populations
@ Results

e Summary
Abayomi, Kobi Expedient Methods in Environmental Indexing




Introduction

Working Definition of Environmental Index

Outline

o Introduction

@ Working Definition of Environmental Index

Abayomi, Kobi Expedient Methods in Environmental Indexi



Introduction

Working Definition of Environmental Index

The complement of GDP

in the universe of information

We call an Environmental Index: an agglomeration of data,
compiled to provide a relative measure of environmental
conditions.

@ Stocks: Measures of current conditions, pressures on
those conditions.

@ Capacity: Human impacts, social responses.
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Introduction

Working Definition of Environmental Index

Examples

@ Stocks
e SO,,NO,, TSP, Radioactive Waste
o Rate of population increase, Fertilizer use per hectare, Coal
consumption.
@ Capacity
o Fertility rate, Under-5 mortality rate.
o Mean years of education, Energy efficiency, Treaty
participation.
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Introduction

Working Definition of Environmental Index

Other work

Environmental Indexing is increasing in Scope and Number.

@ UNDP Human Development Index (HDI) - tightly focused:
Life Expectancy, Literacy Rate, GDP.

@ Prescott-Smith’s Wealth of Nations - broadly defined: 36
indicators on Human Wellbeing; 51 indicators on
Ecosystem Wellbeing-Stress.
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Introduction

Working Definition of Environmental Index

Other work

Environmental Indexing is increasing in Scope and Number.

@ UNDP Human Development Index (HDI) - tightly focused:
Life Expectancy, Literacy Rate, GDP.

@ Prescott-Smith’s Wealth of Nations - broadly defined: 36
indicators on Human Wellbeing; 51 indicators on
Ecosystem Wellbeing-Stress.

@ INNOVEST Eco-Scale - extra-market market information:
Analysis and ranking of corporate environmental
performance.
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ESI Layout and Computation

ESI Missingness and Imputation

ESI: Results

First Take: 2001-2002 ESI

Framework for ESI

"The ESI seeks to make the concept of environmental
sustainability more concrete and functional by grounding it in
real-world data and analysis."

Environmental Systems (13 variables) Measurements on the state of
natural stocks such as air, soil, and water.

Environmental Stresses (15 variables) Measurements on the stress on
ecosystems such as pollution and deforestation.

Vulnerability (5 variables) Measurements on basic needs such as
health, nutrition, and mortality.

Capacity (18 variables) Measurements of social and economic
variables such as corruption and liberty, energy
consumption, and schooling rate.

Stewardship (13 variables) Measurements of global cooperation
such as treaty participation and compliance.

in Environmental Indexing
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ESI: Results

ESI Layout: Variable, Indicator, Component

Varisble
Mo, Variable Code 3 Indieator
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Computation

Y, —Y;
ESI =100 « ¢ Zi —
k| < . var(y;)"/
Here
Y=y, Y)=(Y1,..., Yeg)

where the J’s are groups of similar information, and ¢ is the
inverse standard normal distribution function.
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" Report

Summary

Implicitly, the aggregation structure of index belies a weighting
or preference for a particular definition of sustalnablllty
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Missingness

Variables in order of # missing flems

Countries ordered by ESI
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First Take: 2001-2002 ESI

ESI: Results

Missingness

Strong possibility of non-random missingness.

#items missing
#items missing

=] 10g(GDP per capita)
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First Take: 2001-2002 ESI

Imputation

Van Buuren [2001] and Raghunathan [2001] investigated that a
G can be replaced with a set of conditional distributions
G = [1,,ex Gy, » in many cases. Sequential Regression
Multiple Imputation (SRMI) proceeds by partitioning the
dataset:

Y=o, s Yu) = (Y1,..., Yes) = (Ym, Yo) =

Y= (Y17'--7 Y|k\—r7 Y|k|—r+1a"'7)/|k|)

X=Y1 s YK=Y = (Yik=r+15- -+ Yik)

in order of missingness, where r is the number of variables with
missing values, and Y* is regressed, iteratively, on X.
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First Take: 2001-2002 ESI

Imputation

0 The first round of the SRMI algorithm begins by regressing Y;, the variable with
the least missing items, on X.

@ Now Y, is entered into X and the algorithm regresses Y, on (X, Y;). The
algorithm continues until Y|4 is completed by regressing it on (X, Y|k 1)

Q The next round continues in the same manner, with (X, Y3,..., Ylk\) the new
predictor set.

0 The algorithm cycled through the above steps until the imputed values
converged.
We repeated the algorithm m = 10 times, averaged the
imputed data sets, and calculated the ESI on the final averaged
imputed data set.
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First Take: 2001-2002 ESI
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

Introduction to the Task

Risk, of a disaster, under spatial independence, is as a probabilistic product over
exposed elements and their vulnerability to the disaster. A non-trivial joint
quantification of Risk, from multiple disasters, involves the determination of
dependencies between the elements and vulnerabilites. A Bayesian Network (BN) -
a Directed Acyclic Graph (DAG) where the joint [probability] distribution is the
product of marginal, conditionally independent distributions - can be applied to the
problem of divining dependency structure. We investigate BN learning on a composite
global disaster dataset of large dimension (n = 15600, k = 6) using the DEAL
algorithm Bottcher and Detlefsen [2002] - which reduces the NP-complete problem by
using a heuristic search with random restarts.
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

The Bayesian Network

A Bayesian Network B = (U, D, P) is characterized by a
domain
U= (U1a"'aUk+m)

with kK + m elements or nodes, a model
((D)ij = Xt{u,unv1 < i,j < k+m

and a joint probability distribution

o
- 11 ptulpa(ui)

where U; € pa(U;) < D;j # 1.



Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

The Bayesian Network

B is termed a Directed Acyclic Graph or DAG with the
addition of a final constraint

Dij — —D; pa(iy

restricting the appearance of cycles (feedback loops).
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

Risk in a Bayesian Network

Learning a model involves populating the matrix ((D)); ;, within
the acyclic constraint, or analogously adding directed arcs to

the graph of nodes U It is important to constrain any learning

procedure with a prior or initial model ((D°)); ;. Here, recall that
U={U,....,U, Un-mit,-- ., Unt ={Vy,..., Vi, Hy, ..., Hn}
and the initial model is as follows:

0 —
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

Candidate Data: Peru

The LARED database for Peru [LA RED 2002], indexed by year
and location within country. dim = (19481, 64) over
t=1,...,30;s=1,...,24.

For each (t, s)
H; = E X[H=]
H

Vi = Z X[v;>0]
v,

Reduced to dim = (2045,9), kK + m = 9 nodes.
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Implementation and Results: Peru

: BN of Disaster Dependency in Peru
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

The Learning Algorithm

The learning algorithm is a random search and restart that
returns the existence of arcs in a DAG (some ((D));;Vi,j) and a
network score S(D) on the likelihood of D given the observed
data. The algorithm, abbreviated, is as follows:

o Suggest a local prior probability distribution po(U;)Vi. Set Dy. Set (iter) = 0
9 Construct a joint prior probability distribution po(l—j) - the master prior.

Q Let 69 be the parameters of pg. Then p(90|U) is the initial marginal conditional
distribution of parameters.

0 From the data, update 6y and thus pg

@ Score network Siiter) (Dyiter)); If Siiter—1) > Siter) €nA.
© Perturb the model Djrer) — Dyer1)

@ Goto2

Abayomi, Kobi Expedient Methods in Environmental Indexing




Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

Perturbation

Perturbing D(jtery — Diter+1) by degree d is selecting d nodes
at random, (say, d = 3 and select o, p, r from D)) and
exhaustively adding, removing or turning arcs given the initial
constraints. For instance, cycle through:

1, if do; = O;
doj=1< 0, ifdy;=1;
17 if di70 — 1.
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

Scoring

Scoring the network involves computing the likelihood of the
contribution, at each node, of the configuration (i.e.
parameterization) of the node given the parents. That is:

Su=)

i
ue U

H r(Z:uepa(u) O‘u\pa(u))
) M3 uepa(u) Qulpa(u) + 2 uepa(u) MNulpa(u))

*

uepa(u

H r(04u|pa(u) + Zuepa(u) nU\Pa(U))
I_(O‘u|pa(u))

ugpa(u)
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

Results

Events classified as strict parents; vulnerabilities as strict
children Dead/hurt as intermediate
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Mandate: Generate a dependency model with disaster data

Second Take: BN of Disaster Dependency in Peru Implementation and Results: Peru

Results

Calculate network score and compare with all possible
networks that differ by addition, deletion, or reversal of an arrow

Score: -908.5475
Rels

H e
@ -

—
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Mandate: Generate a dependency model with disaster data
Implementation and Results: Peru

Second Take: BN of Disaster Dependency in Peru

Results

Select network that increases network score the most

Score: -G53 5952
Rels
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Mandate: Generate a dependency model with disaster data
Implementation and Results: Peru

Second Take: BN of Disaster Dependency in Peru

Results

If the network score does not increase, stop. Otherwise repeat.

Score: -853.9227
Rels
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Results
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Mandate: Generate a dependency model with disaster data
Implementation and Results: Peru

Results

Aggregating, Resampling Networks
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First Take: 2001-2002 ESI LRl . . .
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Third Take: UNDP Global Disaster 'Hotspots’ Report

Summary

Archetypal High Risk Hotspot

Between 1994-1998: Volcano eruption in Rabaul, Cyclone
Justin in the Milne Bay, and the EI Nino-induced drought.
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The Data

Incidence maps of flood, volcano and drought events;
expected peak ground acceleration (pga); and spatially
dispersed population and gnp maps to one degree lat-long
resolution. This yielded 15600 observations on four dimensions
of physical processes, and two dimensions of socio-economic
vulnerability. Row-wise deletions of 1407 observations with any
missing items yielded a final data matrix of dimension

(141983, 6)
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The Data

x X-coordinate, decimal degrees of longitude
y Y-coordinate, decimal degrees of latitude
gnp901d Gross National Product, 1990 (US)
glp95ag1d Population count, 1995
floodc Number of flood events 15 year series

pgald Peak ground acceleration, value to be exceeded at the 10 percent
probability level, 50 year interval

volcount Volcanoes — count of the number of volcanoes in the 1-degree grid
cell cell

d7531d Drought — 75 percent below normal precipitation for a 3 month period
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Data Sources - Events

Hazard Parameter Period Resolution Source(s)

Cyclones Frequency by wind strength. 19602000 3077 UNEP/GRID-Geneva FreView

Druught Weighted Arnomaly of Standardized 19652003 25 IRI Climate Data Library
Precipitstion (75% below noemal

precipitation fir a 3-mornth period)

Floods Counts of extrams flood everts 19852003+ 1° Dartmoth Flood Observatary, #orld
Atias of Large Flood Bvents

Earthquake Expected peak ground accekration(10% nia sampled at 1’ Glohal Seismic Hazard Program.
probability of axceedarre in 30 years)

Frequency of eathyuakes = 4.50n 19762002 sampled & 2.5 Smithsoarian Instifation

Richtar Seale
Volcanoes Counts of voleanis wtivity 79:2000 Sumpled at 2.5 UNERIGRID-Geneva and HGDC
Landslides Estisuted srunasl pickability of Landslide nfs 0+ HGI

o avalanthe
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Data Sources - Exposure

Exposure Parameter Period Resolution Source(s)
Land Land area 2000 25" GPW Version 3 [alpha)
Papulation Population courtsidensity 2000 257 GPW Version 3 (alpha)
Economic Hatomalisbnational GDP 200 257 Wazld Bark DMF
Actty
Agricultural Hational agricultural GDP allacated to 20 257 World Bark DMF

al land
Actrity e =
Road Length of major mads and raibnads . 1993 257 VMAP(D)
Density

Abayomi, Kol



Mandate: Highlight overlap and potential for interaction among haz
Results

Matches (pink) and Misses (yellow) for 12-Mo WASP;
Annual Precipitation (green line)
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Results

Third Ta NDP Global Disaster 'Hotspots

Summary

Extreme Value Fitting

We investigated methods for returning multivariate extremes,
starting with bivariate compositions of hazard event and
vulnerability.

Taking multivariate q we wish to return the set Q such that.

Q={q||F(Q<q)—c| <€}

Restating again, and directly in our context, we want all spatial
locations that are extreme in a bivariate sense.

Our F is the cumulative distribution function for our multivariate
vector Q, or, the probability that we observe, for a given
observed q, a value less extreme. As F approaches 1 we are
less likely to observe a more extreme value, and thus our
observation is quite extreme

Abayomi, Kobi Expedient Methods in Environmental Indexing
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Third Take: UNDP Global Disaster 'Hotspots’ Report SIS

Extreme Value Distribution Model

Here, we implemented a symmetric bivariate logistic model
[Stephenson 2003]

G(21,25) = exp{~(y17 + yov)}
where « € (0, 1] is a dependency parameter.

—1
Lety,=[1+ 5"(%“’)]57 so we don’t have to write many things
again...

Abayomi, Kobi Expedient Methods in Environmental Indexing
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Extreme Value Distribution Model

The bivariate logistic integrates over the margins to a
generalized extreme value distribution

. _ . —1
G(z) = expl 11 + 1))
i
where (uj, 0j,&;) are the location, scale and shape parameters

of the ith univariate distribution.
Uniting the above we can simply let Q = (21, 25)
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Third Take: UNDP Global Disaster 'Hotspots’ Report R

Extreme Value Distribution Model

We restricted fitting to
QD 9x = {d|g; > 0,Vi}
Restated, we censored the fit to all non-zero values. This
required a recalculation of F
FQ<qgx)=F+FR—FF;F =Pr(Q<qgx); o =Pr(Q<q|Q > g«

where g+ € QN Qx.
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Third Take: UNDP Global Disaster 'Hotspots’ Report IR

Population vs. Seismicity
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Results

Third Take: UNDP Global Disaster 'Hotspots’ Report

GDP vs. Volcanic Activity

GNP _Volcances

Abayomi, Kobi Expedient M s in Environmental Indexing



Introduction

Mandate: Highlight overlap and potential for interaction among ha3
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Thurd Take: UNDP Global Disaster 'Hotspots’ Report IR
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@ GDP - can’t get away from it. Yet.
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@ GDP - can’t get away from it. Yet.

@ Always a challenge matching physical events to social
effects.
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Summary

Summary

@ GDP - can’t get away from it. Yet.

@ Always a challenge matching physical events to social
effects.

@ When modeling with environmental data 0 perpov oceavrov
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