Data Fusion for Mine

Action Decision Support:
An Example From Lebanon

Why Data Fusion?

Within humanitarian mine action,
progress in integrating information is
manifest chiefly by the way the traditional
array of survey activities have been
reformed. Following the 1997 Ottawa
Treaty to ban anti-personnel mines, sever-
al mine action non-governmental organi-
zations {(NGOs) and the United Narions
Mine Action Service {UNMAS) launched
the Global Landmine Survey, a muld-
country survey project. This initiative has

helped to institutionalize the collection of
social and economic data, along with con-
taminated-area darta, to enhance the over-
all managemenc of mine action programs
worldwide, and in that sense has achieved
a paradigm change over the ersowhile pure-
ly technical approach ro mine clearance,!
Socic-economic impact surveys have
sizce been completed in several countries
and have been cerrified by the Unired
Narions. More are ongoing or in planning.
In addition to establishing countrywide
inventories of communities affected by

landmines and/or UXO, the surveys classi-
fy communities by the severity of socio-
economic impacts. The classification relies
on an internationally standardized scoring
system that combincs types of munitians
and blocked resources as well as recent vic-
tims, using weights that national stake-
halders adjusc  within  limics.
Technical information at the contaminat-
ed-area level and demographic dara on
incident survivors are also generated and

may

are available to national mine action coor-
dinators through the Information Man-
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agement  System for Mine Action
(IMSMA) look-up, mapping and reperc-
ing facilities. One of the key outcomes is
the designation of a small segment among
the identified affecred communities (usual-
ly 10-20 percent) as high-impact commu-
nities deserving priority attention for
Technical Surveys, clearance, victim assis-
rance and mine risk education.

However, this is not data fusion.
Impact Survey wotkets collected most of
the information that is stored and used in
IMSMA. The modules of the community
questionnaires that they administered cor-
respond to the table structure in IMSMA,
and to this extent the data integration is
simply pre-arranged. External data can be
added to IMSMA if it fits with the rable
entities and fields. Except for the whole-
sale import of administrative gazerteers,
such imports have been exceedingly rare.

The acquisition of external dara, pri-
marily of a socio-economic nature is desir-
able for z different reason. Impact Surveys
collect substantive informarion on affected
commuanities only. These typically are a
minority of all urban and rural communi-
ties in a counrtry. Without external infor-
mation, comparisons berween affected and
unaffected communitics are not feasible.
In social science lingo, Impact Surveys are
guilty of “selecting on the dependent vari-
able” (i.c., the fact that a community is
kaown te have mines/UXO), From a
strategic perspective, the lack of compari-
son with unaffecred communiries makes it
harder to mainstream mine acrion into
broader development programming. Such
mainstreaming is onc of the demands that
a recent evaluation of the Global
Landmine Survey has put forch.?

Acquiring external daca and conform-
ing it to the Impacr Survey format {(or
some other suitable one) for jeint analysis
is less than straightforward, There are
political and cognitive hurdles to acquir-
ing, evaluating and integrating external
data. The window of opportunity during
the lifetime of an Impact Survey is narrow.
There are technical and statistical adjust-
ments to be made. Data fusion, as we
understand it, happens when two or more
data bodies with discrepant formars are
brought into a commen format so thar the
analyst gets the data from different sources
to talk to each other.

This is 2 small case study in successful
dara fusion in which we were privileged to
take part as analysts. We will first show
how the nced to bring in external data
arose in the Lebanon Impact Survey, how
it was addressed and what new insights the
fused data offered. We conclude with brief
reflections on seme of the costs and bene-
fits of data fusion and on Geographic
Information Systems (GIS} as its enabler.

Between March 2002 and August
2003, the Brirish charity Mines Advisory
Group (MAG), conducted 2 Landmine
Impact Survey in Lebanon, in collabora-
rion with the Lebanese National
Demining Office and with assistance from
the Vietnam Vererans of America
Foundation (VVAF). Besides its own dara,
the survey used a segment of the Natdonal
Agriculcural Census data. The justifica-
tion, manner of fusion and results of this
unusual initiative are described in the fol-
lowing seccions.

Landmines were used extensively in
Lebanon’s 25-year history of armed con-
flict; in addition, many areas remain pol-
luted with UXO0.?2 The Impact Survey
identified 306 affected communities in
five our of six provinces; only the sixth
province, Beirut, has been completely
cleared. An estimated 1,087,000 persons
live in the affected communities. However,
particulatly in the large suburban commu-
nities of Mount Lebanon, just outside
Beirur province, only a fraction of the res-
idents are exposed to the hazard. The sur-
vey also identified 980 distinct areas of sus-
pected landmine or UXO contaminartion,
Despite the largely urbanized and scrvice
character of the Lebanese cconomy, most
of the affected communiries complained of
blockages of some of their farmland and
pasture. Using the standard impacrt scoring
method and a set of weights approved by
the National Demining Office, the Impact
Survey classified 114 (37 percent) of the
306 affecred communities as low-impact
communiries, 164 (34 percent} as medium
impact and 28 commuinicies (nine percent)
as high impact.

In May 2000, the Istacli army wich-
drew  from  southern  Lebanon.
Subscquently, vigorous clearance took
place in the formetly occupied area under
a program known as Operation Emirates
Solidarity, for which the United Nations,
the Narional Demining Office and the
United Arab Emirates operated a joint
coordinarion center in Tyre. By June
2003, most affected communities between
the Litani River and the so-called “Blue
Line,” which runs along the southern bos-
der, had been cleared. The Impact Survey
revealed a number of problems that were
preventing land from being returned 1o
productive uses—most commonly lack of
capital to redevelop the land and the
paucity of access roads, water and power
supplies. It was felr that the frequent non-
use of cleared land was related to structur-
al problems of Lebanese agriculure, which
had been marred by the war as well as by
new comperitive pressures. During the
war, vast farm areas had been abandoned.
Returning farmers found that their
incomes were eroded between high pro-
duction costs and cheap imported pro-
duce. Concurrently, recent years saw large-
scale investment in milk production and
the rapid growth of high-value products
like scrawberries, warermelon and exotic
fruits in selected areas,

These differences in the viability of
farming would derermine, we reasoned,
whether cleared land eventually would be
returned to active farming. Data to shed
light on this question was offered by the
agricultural census.

In order to improve the informarional
basis of its agricultural sector policies, the
government of Lebanon, with the help of
the United Nations Food and Agriculture
Organization (FAQ), conducted a census
in 1999. Data was collected on a variety of
aspects of 194,829 farming entities for the
farming year 1997--98. FAQ also assisted
with spatial data management tools result-
ing in a ccnsus database which was
—importantly for data fusion—geo-
referenced.

Acr che
Demining Office, the Agriculrural Census

request of the Natonal

B

Office shared land use dara on 1,633 cen-
sus tracts wich MAG to support the
Impact Survey analysis, Quantitics of
interest include actively farmed land
{251,721 ha towal), irrigared land (as part
of the acrively used land, 105,381 ha) and
abandoned land (54,015 ha). The census
defined abandoned land as parcels that had
lain fallow for the five years prior to the
census interview. For comparison, the 980
suspected areas recorded by the Impact
Survey cover an estimated 13,748 ha
(which, of course, Technical Surveys
would reduce further; thus, less than this
amount was actually

Survey, two variahles were ohvious candi-
dares to explain differences in active land
use as well as in irrigation coverage. These
were the im-pact score, shorthand for the
otal socio-economic impact that land-
mines and UXO were having on affected
communities, and the year in which hostil-
ities came to an end. This latrer variable
determined the length of time for which
communities had been enjoying peace,
with the attendant chances to rebuild their
local economy. For non-affected commu-
nities, the impact score was zero, by defini-
ton.

contaminated). Table 1
The question of

interest—“How do

communities use

their land given cer-

taln socio-economic

condirions and the

level of landmine/

UxXO

required rthar  we

wanslate the census

data  into

impact?”—

suitable
indicarors.

First, we creared
the active land use
ratio (= 1 — [aban-
doned land 7 (aban- |
doned + actively
used)]) as a proxy
indicator for the economic viability of
local farming. Our second construct was
the irrigation ratio {= irrigated land /
actively used land) as proxy for the capiral
intensity of farming. These constructs
wete important because land abandon-
ment was shaped by market forces and
was, as we have scen, larger than the sur-
faces taken out by landmines and UXO.
Omne other ser of variables from the agricul-
tural census was needed. The census
assigned each tracr 1o one of 12 agro-cli-
matic zones, following a typology created
by a French geographer in the 1960s,
These zones defined the natural and cradi-
tional environments for particular forms of
farming and rypes of crops. We took this
information from the Agriculrural Census
as a control for the influence of these envi-
ronments on local land use.

From the side of the Landmine Impact

the Data

Before the data from the Impact Survey
and the agricultural census could be
brought inte a statistical model, it had e
be fused. The problem was with the agri-
cultural data. It did not immediately con-
form to the set of landmine-affecced (306)
and landmine-free (1,585} communities
that together formed the set of all commu-
nities (1,891) in the government gazetteer.
The agricultural census tracts had known
areas; in the geographic information sys-
tem (GIS), they were represented by poly-
gons. The gazetted communicies had
known center points; their GIS representa-
rions were point coordinates.

A solution was found by including cach
community in an agriculniral census tract.
In theory, each tract would thus contain

zere, one or several community center
points, In pracrice, a onc-to-one relation-
ship existed for approximately half of all
tracts and of all communices. Almost a
quarter of the tracts contained no commu-
nity center points. Table 1 details the
inclusion frequency.

This left us with 1,831 communiries
whose center points were within some
agricultural census tracts. In order for
these communities to inherir the agricul-
tural informarion, 2 number of simplifying
assumptions were needed. We assumed
that communiries had land use and irriga-
tion ratios similar to
those of the tracts
that contained their
center  points  and
that they belonged to

the same agro-cli-
matic zones as the
surrounding  tracts.
Since the degree of
similarity could not

be estimared, we ser
the ratios for com-
munities equal to
those of their sur-
rounding tracts,
assuming that, while
this procedure did
some

introduce
error, it did not cre-
atc systematic bias.
In craces that embraced several communiry
center points, all member communities
inherited the same ratios and the same
agro-climatic zoncs.

Another auxiliary assumption was
needed given the agricultural census refer-
ence period. We assumed that land use
and irrigation ratios in 2003 were similar
to those of the farming year 1997-98.
This, clearly, was a streng assumption; the
Israeli withdrawal had taken place berween
those years, and the politcal environment
for Lebanese agriculeure had changed in
part of the country markedly,

The acrual mapping of the agricultural
rract values to the communities was done
in the GIS zpplication, using an operatien
known as spatial join. We did one further
geography-based operation requiring a
simplifying assumprtion: the impact survey
established the last year during whick each
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landmine-affected  community  was
exposed to hostilities, ranging from 1976
as the earliest return to peace all the way o
2003 for some communities exposed to
very recent shelling. As explained above,
the year of exiting the war was
impertant because it defined the .
number of years that local com-
muniries had enjoyed economic
and social growth unhampered
by violence. For non-affected
communities, the years were not
known. Given the strong local
cluscering of communities with
similar exit yeats, we assumed
that non-affected communities

Agriculiural Census

{e.g.. by their agro-climatic setting) 1o use
farmland and irrigation at high levels.
The year when the local communities
exited the war also had a stadstically signif-
icant influence on agricultural ratios.

CESLS INEOES, URSIFICLS

Landmine Impact Survey

mechanism can only be conjecture—the
communiries in the south that were in the
conflict zone until the Tsracli withdrawal in
2000 had had less time to participate in
the transition from a traditional agricultur-
- al farm to a high-value farm and
service economy. Their residents,
for lack of investment and jobs,
may have remained stuck in low-
income farming livelihoods.

A lot hinges on thar interpre-
tation. If correct, it would imply
that obstacles other than land-
mines were more important in the
context of recovery and growth.
The staristical effects on liriga-

had returned to peace roughly ac
the same time as their landmine-
affected neighbors. We set the
exit year for non-affected com-
munitics as the median exic year
of all affected communities in
cheir respective districts.

The schematic in Figure 1
graphically expresses somc of the
relarionships among agricultural
census tracts, districts, and com-

1a. Agro-ciimatic zones are tilled
with agricultural census tracts.

puint coordinates.

2a. Districts are filled with
commuaities represented by

tion, which we take as a proxy for
capital intensity, were in fact
stronger for exic years than for
landmine impacts. What these
obstacles were, this data did not
tell us specifically. However, more
investment in landmine clearance
in communities that came out of
hostilities recently might not
remove them since they already
tended to use more of their land

munities and the operations of
assigning  agriculural  census
tract and district variables o
communities. They set the stage
for the combined analysis.

The derailed statistical model
is available as an appendix to the
Lebanon Impact

)
=

N
Landmine

b, Tracts have different
combinations of land use and
irvigation ratios.

2b. Communities have different
landmine and UXO impacts.

Survey report. Here we limit

our summary to key findings.
As expected, higher landmine

impacts tended to depress both

active farm land use and irtiga-  Figure 1: Relationships among census tracts, districts and

le. Comemunities inherit
agricultural indicators from tracts
sirounding them.

moedian year.

fion intensity. However, these communities. ¢/o Charles Conley

effects were statistically significant enly for
the question af whether or not a commu-
nity should be at a high level of land usc
and irrigation. In other words, once a com-
munity was using its farmland and irrigat-
ing it below the highest levels, landmine
impacts no longer depressed agricultural
vitalicy any further. Landmines must have
interfered particularly badly with the local
farm economy in communities that, if
unaffected, would have been pre-dispesed

Communiries that had exited earlier and
thus had enjoyed longer recovery periods
tended to irrigate more of their farmland.
It tallies with observations from other
post-war courntries that longer strife pro-
motes less capital-intensive producrion.
The real surprise was in the effect that
exir from war had on active farm land use.
Contrary to all expectation, communities
that exited the war late tended ro be ar
higher active land use levels. The causal

Ze. Communities lake years
when local hostilities ended from
the survey or inherit the districe’s

while irrigating less of it.

The inclusion of agricultural
census data achieved two benefirs
beyond the normal brief of a
country Landmine  Impact
Survey. For the first tme, some
substantive comparison was made
between landmine-affected and
landmine-free communicies.
Previous surveys were able to con-
trast affected and non-affected
communities only by geographic
location. In ocher words, they identified
clusters of affected communities and, con-
versely, cluscers of non-affecred ones about
which mine action practitioncrs would not
have to worry. By including non-affected
communicies, the analysis of landmine
problems could be placed in a larger recon-
struction and development perspective.

In practical terms, we did know thar
the local agricultural environment deter-
mined whether dleared land would go back

T

to active cropping, bur we could not sim-
ply plug into some equation the values of a
local comumunity and then venture a fore-
cast concerning the local clearance effects.
Whar the discovery of such factors meant
was that in local assessments, they should
be carefully investigated and considered in
clearance decisions.

In order to help the Lebanon Impact
Survey stakeholders to assimilate such con-
siderations, MAG improviscd a map of
zones of differing combinations of acrive
land use and irrigation coverage. We called
these “zones of agricultural vibrancy.” The
zones were simply based on the agricultur-
al census tracts. A tract was considered
highly vibrant if both acrive land use and
irrigarion ratios were above the respective
medians for all tracts. Medium vibrane
tracts had one of the ratios above the medi-
an, and in low-vibrancy tracts, both ratios
were below the median. We overlaid the
vibrancy zones with red dots for landmine-
affected communities and wirth blue dots
for landmine-free communities {sce map
at right).

This map was shown in two meetings
in May 2003 in which preliminary survey
findings were shared with the stakcholders.
The outcome was that MAG was invired
to extend its impact survey to an area in
southern Lebanon from which it had orig-
inally been exempted because of the
advanced stage of clearance there. This
region had been cleared chiefly by com-
mercial demining firms who were not
party to the survey discussion and, for
obvious reasons, had no incentive to foster
debate on alternatives to universal clear-
ance. In Augusr 2003, however, the direc-
tor of the National Demining Office
showed one of us a map of demining work
underway all along the area designared for
the Litani River pipeline project.® This
indicated that clearance in the Scuth was
already focusing more strongly on arcas
critical to the rehabilitation of major irri-
gation Infrastructure.

Against those achieverents, costs have
to be taken into account. The search for
relevant external socio-economic data bod-
ies was arduous, in Lebanon as much as in
other countries with Landmine lmpact
Surveys. lc absorbed a small, but not neg-
ligible, part of the survey management’s

Agricultural Vibrancy
High
Medium

Low

Figure 2: Agriculiural vibrancy zones—map for stokeholders.
c/o Aldo Benini, VVAF: Mark Yarmoshuk and Richard Shdeed, MAG

time. Worse, it introduced uncertainey as
o whart data to realistically expect in useful
rime, how far to push ncgotiations with
apparent holders of relevant data, and
what to gain for the landmine survey users
if the data did come forth, In fact,
although  negodadons  with  the
Agricultural Census Office had been initi-
ated early, the data, officially requesred by
the Ministry of Defense, was made avail-
able only in the advanced stage of Impact
Survey analysis.

o

Fusing these two data bodies was made
possible by the fact that both were geo-ref-
erenced. For the manipulation of such
daca, modern GIS desktop software pro-
vides powerful tools. However, as we hope
to have shown the reader, dara fusion
strategies using GIS often depend on aux-
iliary assumprions that may potencially
bias the validiry of resules. It is the respon-
sibility of researchers to point ourt the lim-
irarions in their findings and to document

their procedures so that others can repli-
cate them. If these precautions are
observed, GIS-driven data fusion can pro-
duce highly novel and non-trivial insighcs.

Mine action practitioners use maps
extensively, and GIS is a core rechnology
in coordination offices. However, for the
sake of dialogue with other humanitarian
and  development communities, one
should point our thar GIS is not the only
feasible platform for data fusion. Other
programs—e.g., the United Nations
Development Program  (UNDP)  and
World Bank-driven Living Standards
Moeasurement Surveys (LSMS)” as a tool
for poverry-alleviation strategies—have
developed their strengths in joining data
from different points of time. Repeated
surveys are their best workherse. Spatial
covariates may be used, but arc not funda-
mental for this kind of rescarch.

In recent years, however, convergences
between spatial and temporal modcls have
grown stronger, and some of this is being
translated inta applied rescarch, such
as in nature conservation. Vance and
Geoghegan,® for example, combine sarel-
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lice imagery from a 12-year period with
dara from a later household survey, Their
integrated model allows them to estimate
the varying risk of forest destruction aver
time and the factors thac determine i, We
dare to predice that in the not-roo-distant
future, the effects of humanitarian mine
action will be documented chrough studics
that combine data from Impact Surveys,
subsequent Technical Surveys and lacer
follow-up evaluations after clearance. For
the time being, we are happy to demon-
stratc that data fusion is feasible at an
important point in the lifetime of a nation-
al program, its sacio-economic Impace
Survey,
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