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* BACKGROUND AND PURPOSE

* STRUCTURED ANALYTIC
TECHNIQUES

* STUDY AREA AND DATA

* EXPLORATORY SPATIAL DATA
ANALYSIS (ESDA)

* SPATIAL REGRESSION MODELING

Figure 1. Arghandab River valley, Afghanistan and pomegranate
garden.
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BACKGROUND

* OBSERVATION OF INCREASED

RECRUITMENT IN LOW AGRICULTURAL
PRODUCTION AREAS.

°* IMPROVEMENT ON THE REPORTING

OF RAW SIGNIFICANT ACTIVITIES AS
A MEASURE OF RELATIVE VIOLENCE
(USE OF RATES).

* ACCOUNTING FOR THE PRESENCE
OF SECURITY FORCES AS AN

EXPLANATORY VARIABLE FOR

= Pl 3

Figure 2. Arghandab River valley showing village and typical
adjacent agriculture.

INSURGENT ATTACKS.
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SPATIALLY AND TEMPORALLY LAGGED VIOLENCE

* TALIBAN LESS LIKELY TO CONDUCT
ATTACKS WITHIN THEIR HOME
VILLAGES.

planning
Long range
and strategic
initiatives

°* FIGHTING AGE MALES WITHOUT
WORK DUE TO AGRICULTURAL
SHORTFALLS SUSCEPTIBLE T0O
LOCAL, SHORT-TERM RECRUITMENT
Local attacks

on targets of
opportupity

DISTANCE FROM HOME

°* FIGHTERS AND LOW/MID-LEVEL
COMMANDERS ASSOCIATED WITH
PRODUCTIVE AREAS DISPLAY

Local

LARGER TEMPORAL LAGS DUE T0O eak recruitmen
angevel
PLANNING, TRAVEL, AND produ fighters

ORGANIZATION.

TIME

Figure 3. Conceptualization of Taliban recruitment, planning, and
attack cycles.
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PURPOSE AND METHODOLOGY

* THE PURPOSE OF THIS STUDY IS
TO DETERMINE IF LOW Structured Analytic Techniques
AGRICULTURAL PRODUCTIAON IS
RELATED TO INCREASES IN VIOLENT
EVENTS AT THE VILLAGE LEVEL.

* USES STRUCTURED ANALYTIC
TECHNIQUES, ESDA, AND SPATIAL
REGRESSION WITHIN AN SGAM
FRAMEWORK.

Exploratory Spatial Data Analysis
(ESDA)

* SGAM PROVIDES AN ANALYTIC
FRAMEWORK FOR COMPLEX
GEOSPATIAL PROBLEMS THAT

Structured Geospatial Analytic Method (SGAM)

PROMOTES CRITICAL THINKING AND Spatial Regression Modeling
LIMITS BIAS IN INTELLIGENCE

RESEARCH. Figure 4. Proposed analytic framework.
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STRUCTURED BRAINSTORMING

* USED TO INCREASE THE POOL OF
KNOWLEDGE USED TO IDENTIFY
ASSUMPTIONS, EXPLANATORY

VARIABLES, AND ALTERNATIVE Assumptions 4 Hypotheses 4
HYPOTHESES. Consistent agriculture
variety Areas of low per capita
. . agricultural production are
Negligible non-agricultural associated with high
vegetation violence at one or more
° spatial or temporal lags
TWO WEEK SESSION CONSISTING o from the dependent area.
Fighting age men are
predominately farmers Areas of low per capita
OF A DIVERGENT AND CONVERGENT Agriculture ownership agricultural production are
based on proximity alssociated'\\"ilth high
PHASE. violence within the

dependent area.

Violent events are

°* DIVERSE GROUP OF PARTICIPANTS -
INCLUDING SCHOLARS, MILITARY,

INTELLIGENCE ANALYSTS, AND

NATIVE PASHTUNS. Figure 5. Example of structured brainstorming from stixy.com

® 6 ® ® ®8d O O OO O OOOOOOOOo



WUADRANT CRUNCHING

* CREATES A ROBUST LIST OF
STORIES BY DEVELOPING CONTRARY
(OPPOSITE) ASSUMPTIONS AND
CONSTRUCTS EVERY POSSIBLE
COMBINATION.

* USED WHERE LITTLE DATA IS
AVAILABLE AND THE CHANCE OF
SURPRISE IS HIGH.
*USES INPUTS FROM THE
STRUCTURED BRAINSTORMING TO
CREATE A LARGER SET OF
ASSUMPTIONS, VARIABLES, AND

STORYLINES.

Key Assumptions

Contrary Assumptions

Population density does not vary within the district.

Population density does vary within the district.

Proportion of structure area to irrigated crop area is
equal within the district.

Proportion of structure area to irrigated crops varies
within the district.

Features extracted from Quickbird are accurate
representations.

Features extracted from Quickbird imagery are not
accurate representations.

Settlement centroid and associated Thiessen polygon
is the best aggregation of populations.

Settlement centriods and polygons are not a logical
aggregation of populations.

Minority Durrani population has the same
economy/lifestyle as Ghilzai majority.

Minority Durrani population has different
economy/lifestyle than Ghilzai majority.

Varied Population Density / Structure:Crops Varied

High birth rate / Herder population

High birth rate / Xerophytic crops

Low birth rate / Herder population

Low birth rate / Xerophytic crops

Varied Population Density

/ Feature Extraction Errors

High birth rate / Structures uninhabited

High birth rate / Ground interference

Low birth rate / Structures uninhabited

Low birth rate / Ground interference

Varied Population Density / Thiessen Polygon Incorrect Aggregation

High birth rate / Multiple tribe settlement

High birth rate / Within settlement variance

Low birth rate / Multiple tribe settlement

Low birth rate / Within settlement variance

Varied Population Density / Durrani:Ghilzai Economy Difference

High birth rate / Durrani sedentary

High birth rate / Rurality variance

Low birth rate / Durrani sedentary

Low birth rate / Rurality variance

Structure:Crop Varied / Feature Extraction Errors

Herder population / Structures uninhabited

Herder population / Ground interference

Xerophytic crops / Structures uninhabited

Xerophytic crops / Ground interference

Figure 6. Example of quadrant crunching output.
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ANALYSIS OF COMPETING HYPOTHESES (ACH)

* USED IN SITUATIONS WHERE
ALTERNATIVE EXPLANATIONS OF A
PROCESS ARE LIKELY.
* AVOIDS SATISFYING AN INITIAL OR
LEADING HYPOTHESIS BY REFUTING

HYPOTHESES.

* USES THE RESULTS FROM
STRUCTURED BRAINSTORMING AND
QUADRANT CRUNCHING TO DEVELOP
ALTERNATE HYPOTHESES.

* HYPOTHESIS WITH THE LEAST
EVIDENCE AGAINST IT IS CHOSEN AS

THE MOST PLAUSIBLE.

Credibiity

Relevance

H1

H2

H 3

H 4

Population is randomly dispersed
in rural Pashtun Afghanistan and
not significartly correlated with
any geospatially derived
features

Settlement area in rural
Pashtun Afghanistan is
significartly posttively
correlated with population.

Settlement vegetation area in
rural Pashtun Afghanistan is
significartly positively
correlated with population.

Distance from urban areas of
rural Pashtun setilements is
significantly negatively
correlated with population.

Weighted Inconsistency Score =

40

-1707

-0.707

-100

Erter Evidence

E12

Settlements are self sufficent and
distance to a district or provincial
center does not provide much of

an advartage to a settlement

EDIUN

IEDILIM

Limting factor of certain
settlement's amount of arable land
is terrain not manpower

Lowy

HIGH

E10

Time to construct dwelings is
Iabor intensive and typically only
occurs if needed

HIGH

HIGH

Some appearance of qualty of
Iife indicator varlation did exist

EDILI

Loy

Some dwellings in settlements
may be abandoned or grain
storage areas

HIGH

L

Larger settlements (by area)
have a higher likelyhood of having
higher order functions i.e
bazaars or clinics.

HIGH

HIGH

Settlement placement is dictated
by physical terrain

EDILI

EDILIM

Little to no variation exlsts in the
structure and design of
settlements between settiements.

HIGH

HIGH

Mo discernable pattern of varied
population with tribal affiistion
exists.

LOw

EDILM

Settlements do not show any
patterned variance in size with
distance from district or provincial
center

EDIUN

IEDILIM

Larger settlements typically have
more agricutural land area.

HIGH

HIGH

Multiple observers have noticed
increased numbers of inhabitarts
with increased size of a
settiement.

HIGH

HIGH

Figure 7. Example of analysis of competing hypotheses (ACH)
output.
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STuDY AREA

KHAKREZ

* LOCATED IN NORTH CENTRAL

AFGHANISTAN

g

KANDAHAR PROVINCE.

SHAH WaALI KaT

* DOMINATED BY THE ARGHANDAB

RIVER VALLEY FLOWING FROM
NORTHEAST TO SOUTHWEST.

ARGHANDAB

* DIRECTLY ADJACENT (NW) TO
KANDAHAR CITY.

DAMAN

ZHARI

* RELATIVELY STRONG ECONOMY
&
BASED ON AGRICULTURE

-~ KANDAHAR KANDAHAR

/“ PANJWAYI

20 10 KILOMETERS

(POMEGRANATE, GRAPES, SPICES).

Figure 8. Arghandab district, Afghanistan showing the Arghandab
river and village distribution.
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UNIT OF ANALYSIS

®* VILLAGE LEVEL THIESSEN
POLYGONS.

®* VIOLENT EVENT COUNTS
AGGREGATED AT THE VILLAGE
POLYGON LEVEL.

* INDEPENDENT VARIABLES
SUMMARIZED AT THE VILLAGE
ZONAL UNIT (E.G. CUMULATIVE
NDVI)

* ASSUMES VILLAGE
INFLUENCE/OWNERSHIP OF
VARIABLES INCLUDED WITHIN OWN
ZONE.

® 6 6 €6 6§ @€ @8 &§ ®€§ O O OO OO OODO

ARGHANDAB

* ) RS .
.
.l® - -
- - . . *le

Figure 9. Study area and village level Thiessen polygon
distribution.




VIOLENT EVENTS

* OBTAINED FROM A DATABASE OF
UNCLASSIFIED EVENTS SINCE
2001.

* SUBSET OF VIOLENT EVENTS
INCLUDING DIRECT ATTACKS, IED
DETONATION/ATTEMPT/DISCOVERY,
INDIRECT ATTACKS.

®* VIOLENT EVENT COUNTS TAKEN AT
THE VILLAGE ZONE LEVEL AND
REPORTED AS A RATE USING
RESIDENTIAL LAND USE AS THE
BASE VARIABLE.
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Figure 10. Study area showing a subset of violent event
distribution.




CUMULATIVE NDVI

* DERIVED FROM LANDSAT 5/7
ENHANCED THEMATIC MAPPER

°* BIMONTHLY COVERAGE FOR EACH
PLATFORM, STUDY AREA LIES WITHIN
OVERLAP, POTENTIAL FOR 8
SCENES PER MONTH.

°* NDVI VALUES RECLASSIFIED TO
ELIMINATE NEGATIVE VALUES
(NEGATIVE NPP).

* ZONAL SUMMARIES OF NDVI
VALUES FOR EACH VILLAGE ZONE.

* ASSUMES UNIFORMITY OF CROP

SELECTION. Figure 11. Sample NDVI calculation with village Thiessen overlay.
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RESIDENTIAL LAND USE

°* DERIVED FROM HIGH RESOLUTION
COMMERCIAL IMAGERY (QUICKBIRD,
IKONOS, WORLDVIEW).

* RESIDENTIAL LAND USE
EXTRAGCTED AT 1:5000 ON-SCREEN.

* RESIDENTIAL LAND USE AREA
SUMMARIZED FOR EACH VILLAGE.

‘USED AS A PROXY FOR
POPULATION IN THE VIOLENT EVENT
RATE CALGCULATION.

* ASSUMES LITTLE VARIATION IN

5 KILOMETERS

HOUSEHOLD SIZE THROUGHOUT THE

STLUDY AREA. Figure 12. Study area showing residential land use distribution.
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LOCAL INDICATORS OF SPATIAL AUTOCORRELATION (LISA)

* IDENTIFIES STATISTICALLY
SIGNIFICANT CLUSTERS OF SPATIAL
AUTOCORRELATION.

* USED TO IDENTIFY AREAS WHERE
SPATIAL AUTOCORRELATION IN

VIOLENT EVENT RATES AND

AGRICULTURAL PRODUCTION MAY

AFFECT THE OLS REGRESSION Pl
[ . L
MODEL. i - i/
\ o (o
“‘C—ﬁe,,; i, ""Mf;.
* CONDUCTED IN OPENGEODA TO hesiee b RPN |
w, $ta) 05T 4
IDENTIFY HIGH-HIGH AND Low-Law g c= =N es Ny Yo g =Y mnre ? :
A . o ATy " L .-5“ \&M
CLUSTERS CONTRIBUTING TO THE . %ﬁ ' ':‘% L\ 9%«
GLaoBAL MORAN’S |. ¢ A . jf:ag_,’{%j;-\% _ 5 A5 AR
( e . ,gﬁ_ﬁ_; | / g o . !

Figure 13. Sample OpenGeoDa LISA output.

® 6 6 6 6 06 @6 0 @ @6 @0 @€ ®§d O O O OO



SPATIAL CORRELOGRAMS

* PLOTS UNIVARIATE GLOBAL
MORAN’S | VALUES AT VARYING
SPATIAL LAGS.

0.5

* ASSESSES THE EXTENT OF 04 \

SPATIAL AUTOCORRELATION IN \\
0.3

VIOLENT EVENTS AND INDEPENDENT
VARIABLES.

0.2 .\
* ANALOGOUS TO EXPERIMENTAL 01

SEMIVARIOGRAM ANALYSIS IN

Moran's |
o

GEOSTATISTICS.

Spatial Lags

* CONDUCTED IN R USING THE
sp.correlogram FUNCTION OF THE
spdep PACKAGE.

Figure 14. Sample spatial correlogram.
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SPATIAL REGRESSION MODELING

* OLS REGRESSION USING
CUMULATIVE NDVI, DISTANCE TO
NEAREST SECURITY FORCE,
ALIKOZAI DUMMY VARIABLE, AND
DISTANCE TO NEAREST ROAD AS
EXPLANATORY VARIABLES.

* ASSESSMENT OF VARIANCGCE AND
SPATIAL DEPENDENCE DIAGNOSTICS
IN OPENGEODA TO DETERMINE IF
SPATIAL LAG OR ERROR MODEL IS
NEEDED.

* VARYING WEIGHTS MATRICES AND
INDEPENDENT VARIABLE
OBSERVATION MONTH TO MODEL
LAG.

y=Xp+e¢

where:

y: nx I vector of violent event rates
X: n x 4 matrix of independent variables
e: nx 1 vector of error terms
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LAGGED REGRESSION MATRIX

* COMPARISON OF PSEUDO R?Z

VALUES AT VARYING SPATIAL AND

TEMPORAL LAGS. pseudo-R* W w? o w® o w® w® w®
0.0062| 00034 00059 00143 00062] 0.0062
0.0187| 0.0276] 00041 00109 00436 0.0945
0.0265| 00945 00223 00119] 00499 0.0937
0.0328] 00828 00731 00127] 01047] 0.0439
01381 01294 01987 0.1397] 01143 0.109%
0.2134] 02345] 02904 0.2232| 01954 0.1545
0.2678] 02712| 03105 0.2956| 02456 0.2213
0.4625| 04659 05052 0.4903] 04403 0.416
0.6572| 0.6606] 0.6999) 0.685| 0635 06107
0.4749| 04783| 05176 0.5027| 04527] 0.4284
0.2926| 0296| 03353 0.3204] 02704 0.2461
0.1103| 01137 0153 01381 00881 00638
0.0668| 0.0702| 01095 0.0946| 0.0446] 0.0203

* TOTAL OF 78 REGRESSION

MODELS USED TO IDENTIFY

STRONGER RELATIONSHIPS AT LAG.

* CONDUCTED UP TO SIX SPATIAL

LAGS AWAY FROM THE

OBSERVATIONS AND DOES NOT

INCLUDE LOWER ORDERS.

* CONDUCTED AT SIX MONTHS

BEFORE AND AFTER THE Figure 15. Sample lagged regression matrix.

OBSERVATIONS.




EXPECTATIONS AND CONCERNS

* HIGHER PSEUDO R?® VALUES A
SHOULD BE EXPECTED AT 2-3
SPATIAL LAGS AND SEVERAL

MONTHS FROM THE OBSERVED )
VALUES. p

* POTENTIAL FOR LOW OR ZERODO
VIOLENT EVENT COUNTS IN A LARGE I

NUMBER OF OBSERVATIONS (RIEHT o KILOMETERS
SKEWED).

* POssIBILITY OF LITTLE VARIATION
IN MODEL PARAMETERS (I.E.
INABILITY TO IDENTIFY SUPERIOR
MODEL).

Figure 16. Theoretical relationship between DV (blue) and IV (red).




POTENTIAL VARIATIONS

* DISTRICT LEVEL STUDY OF A
SOUTHERN AND SOUTHWESTERN
DISTRICTS.

* SUBSTITUTE AFGHAN CS0O
DISTRICT POPULATION FIGURES FOR
RESIDENTIAL LAND USE.

°* IMPROVED MODELING OF

URUZGAN

COUNTERINSURGENT SECURITY

ZABUL
HiLMAND

FORCES.
KANDAHAR
°* POTENTIAL TO IDENTIFY INTER-
DISTRICT ATTACKS AND LAGGED
RELATIONSHIPS (I.E. STRATEGIC

CONCEPT). ' |

Figure 17. Possible district level approach using southern
Afghanistan districts.




MUESTIONS OR COMMENTS?




