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Economic matters are often entangled with interventions. Aid agencies need to 
understand where they can have the highest leverage, and where aid may cause 
harmful economic distortions. Humanitarian interventions in crises will be more 
effective if the economic and social root causes of the crisis are addressed as well. 
The root causes of insurgencies often include economic issues, particularly eco-
nomic discrimination. Planners for military operations in a country need to know 
the economic side effects of military activities, including the effects of withdrawal. 
Government agencies trying to bring developed-nation investors into a developing 
country must understand, along with the potential investors, what the economic 
prospects of the economy are, and how safe an investment is (or is not). Economic 
modeling and analysis can assist in each of these cases.

It is easy to wish for a general-purpose economic model that not only correctly 
forecasts future economic behavior but also accurately predicts the impact of any 
given action. However, there is no economic model built yet that encompasses the 
entire range of potential issues and impacts for any country, let  alone the many 
countries an analyst might need to understand. A model of a country will seldom 
be an adequate model for a given very specific purpose and use.

Moreover, uniformly good forecasts are neither possible nor usually required. 
What is actually required often is an analysis indicating which plan of action is 
more desirable, irrespective of precise conditions, which implies that choosing a 
model (or to purpose-build one) very much depends on the exact use to which it 
will be put, as opposed to a general topic area (e.g., “exchange rates”).

This chapter excludes consideration of the related topics around a country’s 
domestic economic policies, which would speak to a different audience and involve 
a different profile of the economic issues dealt with. The topic of models for mon-
etary and fiscal policy is narrower and deeper than the topics considered here. 
Monetary and fiscal policy models almost always need to be fully quantitative, 
well-verified versus time series, and at least medium sized. They also simplify 
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away many of the givens that are missing or partially functioning in developing 
economies, such as a nationwide financial system. So monetary and fiscal policies 
are generally taken as givens in what follows, and the models are not evaluated on 
the basis of their ability to say what happens when such policies change.

There are many more possible combinations of model purpose (decisions to be 
influenced), economic issues that impact outcomes, and geographies than there are 
extant models, and in turn many more extant economic models are available than is 
practical to catalog. Therefore, this chapter focuses on principles for determining a 
match among a user’s purposes, the economic setting being analyzed, and a given 
existing model or proposed model creation or modification.

This chapter does not provide step-by-step instructions for building or using 
economic models but rather is more of a navigation guide, allowing an analyst to 
slice through the different combinations of purpose, economic behaviors, and geog-
raphies to:

Locate data that characterize the relevant economic situation, and

Identify which types of economic analysis or modeling are most appropriate to the purpose, 
geography, and modeling resource constraints.

For analysts whose background and resources foreclose the active use of a quantita-
tive model, a later section gives a case study of using diagrammatic modeling and 
scoring to tease apart a complex resource allocation problem with a satisfactory 
degree of confidence.

For analysts whose background and resources allow them to choose building or 
modifying a quantitative model, this chapter describes an economic model with the 
focus on design choices appropriate to a model purpose and validation tests avail-
able to a model builder. The same discussion also illustrates by example why “gen-
eral purpose” models are hardly ever directly suitable for specific uses in international 
economic situations.

A critical organizing concept in what follows, especially in the context of scoping 
an analysis, is the idea of a behavior mode. The concept itself originates from feed-
back systems mathematics. In a complex system, such as the interlinked markets 
that make up an economy, the system is capable of a variety of somewhat distinct 
behaviors, a few of which will dominate the behavior at any one time. For example, 
developed economies tend to show a somewhat irregular cycle (the “business 
cycle”), with intervals of expansion alternating with intervals of contraction, with 
peaks typically 3–7 years apart. Sterman (2000, Part V, “Instability and oscilla-
tion”) provides an extensive analytical framework for such cyclical phenomena.

Behavior modes can be thought of as analogs of medical definitions of diseases 
or syndromes: patterns of behavior that arise from a distinctive set of causes, which 
may or may not occur in isolation. Behavior modes are associated with behavior of 
specific quantities, here called “indicator variables,” just as a physician will decide 
whether a patient has a flu infection by looking for elevated temperature, headache, 
body ache, and nausea. Similarly, much of the initial scoping involved in economic 
analysis is arriving at sensible hypotheses for which behavior modes are occurring 
or are likely to occur.
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Before proceeding to the standard behavior modes of macroeconomics, working 
with developing economies may require some understanding of another set of 
behaviors that arise and persist due to systemic causes but are not part of the stan-
dard economic corpus. For convenience, these can be called “near-economic” 
behavior modes, and we begin the cataloging of behavior modes and indicator 
variables with them.

�1  “Near-Economic” Behavior Modes

Table 1 lists several behavior modes that represent departures from the developed 
country norms or ideals: corruption, discrimination, insurgency, and economic 
controls. These become important to the reader when they materially impact the 
economy in question.

Each of these behavior modes is maintained by a self-sustaining interaction among 
multiple stakeholders. For example, a corrupt political leader may take payoffs, whose 
proceeds are sufficient to bribe prosecutors and judges to suppress law enforcement 
and permit election-rigging, which maintains political power, which includes the abil-
ity to appoint, e.g., judges. Graham (2009a) further discusses such self-sustaining 
behaviors; Bueno de Mesquita et al. (2002, 2004) provide solid empirical support. 
One consequence of the self-sustaining nature of such behavior modes is that they 

Table 1  Near-economic behavior modes

Behavior mode Description

Corruption in political processes Rigged elections, widespread patronage, political 
control of media

Corruption in law enforcement Judiciary and enforcement controlled to permit,  
e.g., drug trade

Corruption in economic processes Routine confiscation or near-confiscation of private 
property, extensive bribes needed for construction  
or business operation

Discrimination in law enforcement Routine and egregious violation of civil rights of ethnic 
or racial groups

Economic and social discrimination Explicit or implicit limitations on education and hiring 
with respect to race or ethnic group, sometimes by 
an economic elite, sometimes by the majority ethnic 
group

Insurgency Attempts to resist or control government by violent 
means. “Groups with gripes” are often a consequence 
of behavior modes above.

Protectionism Prohibitions or tariffs on imported goods and services. 
Legal limits on the ability of domestic companies 
or persons to make investments outside the country. 
Also limits on foreign investment in domestic 
corporations, and/or limits on repatriation of 
domestic profits from foreign-owned assets.
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generally persist. Anticorruption crusades seldom succeed, and if they succeed, they 
succeed slowly – not over months and years but over years and decades.

The “good news” in the very persistence of near-economic behavior modes is 
that indicator variables are reasonably trustworthy about future prospects. There are 
several organizations that produce indexes of corruption, economic freedom, and 
political freedom, as shown in Table 2:

In addition, as described in the Resources section of this chapter, there are 
broader research surveys available that emphasize the economic climate as well as 
significant amounts of international data.

2 � Economic Behavior Modes

Tables  3–6 describe standard textbook economic behavior modes.1 For each, the 
table gives a brief description, a reference for further reading, and economic vari-
ables to look at to determine where a given economy lies on the spectrum from “that 
behavior is happening right now” through “it isn’t happening now but it could” to 
“it’s unlikely to happen.” They, along with the near-economic behavior modes, 
allow a modeler to say what is going on economically in the region of interest.

For clarity, the table information is divided into three types of behavior modes. 
Table 3 describes “business as usual” behavior modes, which go on all the time, in 
developing and developed economies alike. Table 4 describes some departures from 
business as usual that create moderate economic vulnerabilities. Tables  5 and 6 
describe severe economic crises and the conditions under which countries are vul-
nerable to them. The taxonomy is more for convenience than for reflecting any 
fundamental distinctions.

In brief, then, a modeler or modelers will start from general surveys of a coun-
try’s Political, Military, Economic, Social, Infrastructure and Information (PMESII) 
situation. From there, gathering data about each economic behavior mode should 

Table 2  Sources for indicators of near-economic behaviors

Organization Web address

United Nations Universal Human 
Rights Index

http://www.universalhumanrightsindex.org/

World Bank Governance Indicators http://info.worldbank.org/governance/wgi/sc_country.asp
Internet Center for Corruption 

Research
http://www.icgg.org/corruption.html

Transparency International http://www.transparency.org/
Freedom House http://www.freedomhouse.org
Human Rights Watch http://www.hrw.org/
Amnesty International http://www.hrw.org/
Gallup Political Stability Index http://www.voice-of-the-people.net/ContentFiles/files/

VoP2005/VOP2005_Democracy%20FINAL.pdf

1 Chart of economic behavior modes adapted from Graham et  al. (2008a, b), © PA Consulting 
Group, Inc. Used with permission.

http://www.universalhumanrightsindex.org/
http://info.worldbank.org/governance/wgi/sc_country.asp
http://www.icgg.org/corruption.html
http://www.transparency.org/
http://www.freedomhouse.org
http://www.hrw.org/
http://www.hrw.org/
http://www.voice-of-the-people.net/ContentFiles/files/VoP2005/VOP2005_Democracy%20FINAL.pdf
http://www.voice-of-the-people.net/ContentFiles/files/VoP2005/VOP2005_Democracy%20FINAL.pdf
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give a picture of the economic situation that is both broadly scoped and concise. 
That is the background for modeling decisions: whether creating or borrowing a 
model at all is justifiable, and if so, what economic behaviors a model will need to 
deal with.

3 � Overview of Modeling Approaches

Tables  7–9 summarize the major varieties of analysis and modeling approaches 
used or advocated for economic issues. The names of the methods in some cases 
are not quite what their practitioners would call them; the names were chosen to be 
meaningful to nonpractitioners.

Strengths and weaknesses of different modeling approaches are sometimes a 
topic of disputes among practitioners of different methods. In part, the disputes 
originate from pure misinformation about “foreign” methodologies; for example, 
inferring characteristics of a whole class of methods from academic teaching 
examples. An expert will know the power and flexibility of his or her own method 
but will not easily see the power or flexibility in other methodologies, especially if 
judging only from published academic work.

In part, the disputes are due to the (often correct) perception that many weak-
nesses of an approach can be overcome by experts. Expert statisticians have tech-
niques to deal with missing data. System dynamics experts can often build and use 
models quickly, and so on. That said, the experts’ bags of tricks are unhelpful for 
nonexperts and very unhelpful for analysts trying to determine the extent to which 
a model built by someone else for a different purpose can in fact be useful for the 
analyst’s purpose.

Perhaps the most contentious disputes arise when an expert in one field has 
tightly-held assumptions about what modeling is for, what form it is to be delivered 
in, and what types of validation tests are acceptable to the final audience. Modeling 
for a different purpose, delivered in unfamiliar ways and using unfamiliar valida-
tion tests (and missing the familiar ones) is palpably substandard, at least in percep-
tion. Academics develop compact theories that explain things in a teachable way. 
They rightly prefer results that are objective, reproducible, and publishable in a 
refereed journal. So there is a strong incentive toward small models, and hence 
working on problems amenable to analysis via small regression models and analyti-
cal models. Modeling practices and preferences and indeed curricula have built up 
around these methodologies.

Academic model-building often has several disconnects with the needs and 
purposes of corporate and government decision-making. Many areas of concern are 
simply not well-studied academically and often lack even elementary data. Academic 
studies are often limited to cross-sectional comparisons of different countries, with 
the predictable result that the results are often inconclusive. First-time explorations 
of problems that include data-poor areas should be conducted differently than 
well-studied problems. Logically, modeling that pioneers such issues lean toward use of 
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diagrammatic and system dynamics modeling as more robust approaches in such 
circumstances, with validation techniques and standards different from those for 
problem domains in which considerable knowledge and modeling already exist. 
Similarly, many areas of government and business concern spread across many dis-
ciplines and interactions of many types of actors, and analysis of such decisions 
must weigh the impact in all areas. Analysis in such situations calls for models that 
are far from compact.

In an unachievable ideal world, everyone responsible for modeling to support 
government or business decisions would understand the strengths and weaknesses 
of a variety of methods and be comfortable working with models both small and 
large. However, realistically, professors have only so much time in MBA or MPA 
programs to teach about modeling. Learning on the job usually gives in-depth expe-
rience with a very limited spectrum of models – in part because success with one 
type of modeling usually causes repetition of that same type of modeling.

Limited exposure to modeling techniques has left an unfortunate gap in the use 
of models in corporations and governments, in which there is not only a real lack 
of practical knowledge about other approaches but also a lack of knowledge about 
how to go about choosing one approach versus another. Indirectly, the widespread 
paucity of knowledge or skill in matching models to purpose is why the author is 
so adamant about using explicit deliverables that define and validate what a model’s 
purpose is to be.

So in approaching the potentially contentious subject of choosing a modeling 
method, think of Tables  7–9 as describing the “comfort zones” of applicability, 
where the characteristics of the method are well suited to the problem domain and 
a body of application experience, a user community, and perhaps good software 
support have developed.

Tables 7–9 can also be used as a first cut at understanding where a given model 
might be weak, when a given problem setting seems well outside the comfort zone 
of a given technique. Tables 7–9 cannot prove that a given approach cannot be used 
to provide useful answers to a given question, let alone whether a given approach 
is “better” than another in any absolute sense. But it is a guide.

4 � Case Study: Resource Allocation in Law Enforcement

The following case study is offered both because it shows a methodology for 
tackling complex issues that is a great deal easier to use than, say, macroeconomic 
modeling or system dynamics simulation, and because it is also an example of the 
preparatory steps for more thorough quantitative modeling. This method is an 
extension of causal diagramming (Sterman 2000, Ch. 5; Senge 1990) that arose 
when the London Underground needed a very rapid assessment of different ways 
that it could be privatized (Mayo et  al. 2001). The resulting method relied on a 
diagram and scoring by subject matter experts (SME). There are many similar situ-
ations in which formal quantitative equation-writing is not possible, whether due to 
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time pressure, budget pressure, or lack of time-series data. Such situations often still 
allow adequate modeling, and robust, usable recommendations can be obtained.

Specifically, the setting is the situation of Transport for London (TfL), the gov-
ernment agency responsible for all public transport in greater London. Like most 
major cities, London suffered acutely from traffic congestion. Increasing the pub-
lic’s use of public transport, especially buses, was highly desirable, but research 
indicated that the public feared crime and violence around bus stops and aboard 
buses and disliked the length and unreliability of the ride. Controlling such crime 
and violence is the responsibility of the Metropolitan Police Service (MPS). However, 
MPS had limited resources, and more urgent issues, such as antiterrorism and street 
and gun crimes, inevitably took priority over transport policing.

The traveling public was about to receive a powerful incentive to ride buses 
rather than take private cars when the congestion charging scheme, starting February 
2003, would impose a sizable cost on taking a private car into downtown London.

There was a plan to deal with the fear and unreliability deterrents to bus travel, 
but the plan involved many uncertainties. A pilot, then a fully-funded branch of 
London’s MPS, would be dedicated to transport issues, the Transport Operational 
Command Unit (TOCU). This unit needed to be in place and doing a good job by 
the time the congestion charging scheme went into effect. The human, economic, 
and political costs of failing to improve the safety and reliability of bus transporta-
tion would be huge.

Here, the bang for the buck discussions emerged. There are dozens of major 
categories of activities to which the TOCU efforts might be applied, including edu-
cating the public about bus lanes, ticketing bus lane or “yellow box” (stopping in 
an intersection) offenses, placing cameras for remote ticketing, centralizing traffic 
control (which also coordinates with enforcement against vandalism), riding buses 
both to reduce fare evasion and to protect against on-board crime (as opposed to 
crime at the bus stop), and so on. These activities have both direct and indirect 
impacts on fear and reliability. Activities affect other facets of the transport ecology 
with diverse delay times, ranging from minutes to months or years. Activities inter-
act with one another (e.g., better monitoring has no impact if there are no resources 
with which to act on what the monitoring shows) and so on.

How was TOCU to quickly find an effective mix of activities in time for a pilot 
and full-scale deployment prior to the onset of the congestion charging scheme?

TfL asked a team of modelers2 to conduct a semiquantitative analysis of the 
resource-allocation problem, that is, to diagram the key interactions and interventions 
and use SMEs to score each potential use of resources. The modeling activity mostly 
comprised meetings among consultants, TfL representatives, and SMEs (TfL, MPS, 
and others). The meetings always focused on one of a sequence of graphical repre-
sentations of the problem. The first representation, a block diagram shown in Fig. 1, 
is useful for discussing and defining the scope of the issues involved:

2 The modelers were from PA Consulting Group, which also employed the author. Text and figures 
adapted from various materials copyright © PA Consulting Group, Inc., and are used with 
permission.



108 A.K. Graham

F
ig

. 1
 

B
lo

ck
 d

ia
gr

am
 f

or
 T

fL
 la

w
 e

nf
or

ce
m

en
t r

es
ou

rc
in

g 
an

al
ys

is

R
O

A
D

 U
S

E
R

S
- 

P
op

ul
at

io
n

- 
D

em
og

ra
ph

ic
s

- 
E

co
no

m
ic

 c
on

di
tio

ns
- 

B
us

/C
ar

/P
ed

es
tr

ia
ns

/
  C

yc
lis

ts

B
us

N
on

-B
us

C
R

IM
E

 &
 D

IS
O

R
D

E
R

- 
In

ci
de

nt
 le

ve
ls

- 
In

ci
de

nt
 r

ep
or

tin
g

- 
B

oi
st

er
ou

s/
”Y

ou
th

fu
l” 

be
ha

vi
or

- 
M

ed
ia

 c
ov

er
ag

e
-‘H

ot
 s

po
ts

’ (
ni

gh
tc

lu
b,

 b
us

 s
ta

tio
n)

B
us

N
on

-B
us

B
U

S
 S

E
R

V
IC

E
- 

Ti
m

et
ab

lin
g/

R
el

ia
bi

lit
y

- 
C

le
an

lin
es

s/
S

er
vi

ce
 q

ua
lit

y
- 

S
ta

ff 
av

ai
l./

E
ffe

ct
iv

en
es

s
- A

ss
et

 a
va

il.
/A

ge
/C

on
di

tio
n

- 
S

er
vi

ce
 c

on
tr

ac
ts

T
fL

O
pe

ra
to

rs

N
on

-B
us

R
O

A
D

 N
E

T
W

O
R

K
- 

‘S
ig

na
ge

 &
 li

ne
ag

e’
- 

Tr
af

fic
 d

en
si

ty
- 

P
ar

ki
ng

/T
ra

ffi
c 

vi
ol

at
io

ns
/

  C
ol

lis
io

ns
- 

R
oa

d 
w

or
ks

- 
Tr

af
fic

 s
ig

na
ls

T
LR

N
Y

el
lo

w
 R

ou
te

s

G
O

V
E

R
N

M
E

N
T

/P
O

L
IC

Y
- 

M
ay

or
/G

LA
- 

T
fl

- 
M

P
A

- 
H

om
e 

O
ffi

ce
- A

LG
/G

O
L 

F
IN

A
N

C
IA

L
- 

R
ev

en
ue

 (
G

ra
nt

s,
 fa

re
s,

 
  t

ic
ke

t p
ro

ce
ed

s)
- 

C
os

ts
- 

In
ve

st
m

en
ts

- 
S

pe
nd

in
g 

al
lo

ca
tio

n

M
P

S
T

fL

B
or

ou
gh

s

E
N

F
O

R
C

E
M

E
N

T
/

C
O

M
P

L
IA

N
C

E
 S

E
R

V
IC

E
S

- 
P

rio
rit

ie
s/

O
bj

ec
tiv

es
 m

ix
- 

Ta
rg

et
s 

ro
ut

es
/G

eo
gr

ap
hi

esM
P

S
T

fL

B
or

ou
gh

s

E
N

F
O

R
C

E
M

E
N

T
/

C
O

M
P

L
IA

N
C

E
TO

O
L

S
 &

 T
E

C
H

N
O

L
O

G
Y

- 
C

am
er

a 
av

ai
la

bi
lit

y/
qu

al
ity

- 
In

te
lli

ge
nc

e 
m

on
ito

rin
g

- 
R

es
po

ns
e 

te
ch

no
lo

gy

M
P

S
T

fL

B
or

ou
gh

s

E
N

F
O

R
C

E
M

E
N

T
/

C
O

M
P

L
IA

N
C

E
 S

TA
F

F
- 

Ty
pe

/N
um

be
rs

/W
ag

es
- 

R
ec

ru
itm

en
t/T

ra
in

in
g/

Tu
rn

ov
er

- 
S

ki
lls

/E
ffe

ct
iv

en
es

s
- 

‘R
in

g 
fe

nc
ed

’ p
os

ts

T
O

C
U

T
fLB

O
C

U

P
er

ce
iv

ed
S

af
et

y

S
er

vi
ce

Q
lty

/
C

ap
ac

ity

R
eq

ui
re

d
S

er
vi

ce
U

se
r 

B
eh

av
io

r

B
us

P
as

se
ng

er
s

F
ar

e
R

ev
en

ue F
ar

es

P
rio

rit
ie

s/
G

ra
nt

s

R
oa

d
E

ng
in

ee
rin

g

D
ire

ct
iv

es F
in

e
R

ev
en

ue

B
us

C
on

tr
ac

t
C

os
ts

R
es

po
ns

e

C
on

ge
st

io
n

E
nf

or
ce

m
en

t
C

os
ts

E
nf

or
ce

m
en

t
F

un
di

ng

R
eq

ui
re

d
To

ol
s

To
ol

s 
A

va
il.

 &
 Q

lty

R
eq

ui
re

d 
S

ta
ff

S
ta

ff
A

va
il.

&
 Q

lty
R

es
po

ns
e

In
ic

id
en

ts

O
th

er



1094  Economics and Markets

F
ig

. 2
 

C
au

sa
l d

ia
gr

am
 f

or
 T

fL
 e

nf
or

ce
m

en
t r

es
ou

rc
in

g 
an

al
ys

is

S
ta

ffi
ng

 
F

un
di

ng
O

n-
S

tr
ee

t
Tr

af
fic

M
an

ag
em

en
t

R
oa

d
B

lo
ck

ag
es

U
se

r
B

eh
av

io
r

To
ta

l R
oa

d
N

et
w

or
k

A
va

ila
bi

lit
y

E
du

ca
tio

n
C

am
pa

ig
ns

R
oa

d
E

ng
in

ne
rin

g

F
un

di
ng

an
d

P
rio

rit
y

Ti
ck

et
s

F
ar

e
R

ev
en

ue

Ti
ck

et
R

ev
en

ue

C
am

er
as

In
te

lli
ge

nc
e

S
tr

ee
t

C
rim

es
B

us
S

ub
si

dy

C
rim

e
D

et
te

re
nc

e

B
us

 R
el

at
ed

C
rim

es

B
us

P
as

se
ng

er
s

P
er

ce
iv

ed
S

af
et

y
B

us
 A

ge
an

d
C

on
di

tio
n

O
pe

ra
to

r
In

ve
st

m
en

ts

E
m

er
ge

nc
y

E
nf

or
ce

m
en

t
R

es
po

ns
e

P
ro

ac
tiv

e
E

nf
or

ce
m

en
t

R
es

po
ns

e

E
nf

or
ce

m
en

t
S

ta
ff

R
es

ou
rc

e
D

ep
lo

ym
en

t

C
ol

la
bo

ra
tio

n
w

ith
 P

ar
tn

er
s

F
ra

ct
io

n 
of

S
ta

ff 
A

va
ila

bl
e

O
pe

ra
to

r
S

ta
ff

A
va

ila
bi

lit
y

H
iri

ng
 a

nd
Tu

rn
ov

er
S

ta
ff 

Le
ve

ls

M
or

al
e

A
va

ila
bl

e 
B

us
C

ap
ac

ity

E
qu

ip
m

en
t

W
ag

es
 a

nd
 

W
or

k
P

ra
ct

ic
es

B
u

s 
S

er
vi

ce
R

el
ia

b
ili

ty

R
el

at
iv

e
A

tt
ra

ct
iv

en
es

s
o

f 
M

o
d

es

M
o

d
es

 o
f

R
o

ad
 U

se

T
ra

ff
ic

V
o

lu
m

e

C
o

n
g

es
ti

o
n



110 A.K. Graham

The second representation transformed the block diagram into specific 
cause-and-effect relationships on a causal diagram, as shown in Fig. 2. In meetings 
(in contrast to publications like this book), such diagrams are shown to people 
as step-by-step buildups so that each piece of the diagram can be discussed and 
digested before adding more complexity.

The diagram (and its buildup) emphasizes feedback loops, which can have major 
impacts on the operation of the system and the effectiveness of activities. For 
example, balancing loops (a.k.a. negative loops) like that highlighted in the middle 
of the diagram tend to compensate for interventions. A larger number of bus riders 
leads to more buses and more traffic, which reduces reliability and deters more rid-
ers. The operation of such a loop will tend to control ridership relative to what the 
roadways can carry. By contrast, the other type of feedback loop, self-reinforcing 
loops (a.k.a. positive loops, or vicious or virtuous circles), tends to amplify the 
effects of interventions. So a larger number of riders would somewhat deter crimes 
at bus stops and on buses, which would increase safety and thus ridership.

The causal diagram must also show drivers for outcome measures of interest – 
what the client is trying to improve, in this case, two measures: perceived safety and 
bus service reliability.

The modelers sat with SMEs to score each link on the diagram: high, medium, 
or low strength, and short or long time to impact. (Sometimes, this step is skipped 
in the interest of time, especially SMEs’ time. The omission leads to more uncer-
tainty and to the need for discussions in later steps.)

In general, the next step is for SMEs to trace impacts of the actions under con-
sideration through the various links to the outcome measures of interest. In a simple 
case, actions will directly change one variable on the diagram, and the SMEs can 
trace through the impacts on outcome measures of interest and score (High, 
Medium, Low, or 0–5, or some other scoring scheme). In more complex settings 
(which includes this case), actions can affect more than one variable on the dia-
gram. In this case, the scoring task can be divided in two: scoring the impact of 
TOCU activities on the variables, then scoring the impact of variables on the out-
come measures. Thus, potential TOCU activities were mapped onto the causal 
diagram, as shown in Fig. 3. Then, SMEs were asked to trace the path from impact 
points to outcome measures, looking at the strength and timing ratings of each link 
along the way, to score each combination of impact point and outcome measure. 
This scoring was done in collaboration with modelers, who knew from working 
with all the SMEs what the variables of the diagram were supposed to represent.

In a separate task, the cost of doing each activity at the present levels was esti-
mated so that the cost of each activity at different levels of intensity could be 
known. The raw scores were first aggregated into a cost-benefit measure of single 
activities, which were then reviewed and analyzed for sensitivity of weightings, etc. 
Then, portfolios of enforcement activities at different mixes of intensity were 
scored and again reviewed, as summarized by Fig. 4, for an assumed increase in 
total budget. Notice, in that figure, that it is possible to spend more money and get 
worse results, a reassuringly plausible outcome.
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In addition to simplicity of discussion, another reason for looking at portfolios 
of activities is that some require organizational change, both of who reports to 
whom, and who works with other divisions. For example, changing the numbers of 
people working at various activities means changing the number of supervisors and 
possibly the number of layers of organization. In addition, TOCU staff doing 
enforcement on buses and on the street would need procedures and points of con-
tact to interact with the regular police. As in corporations, such changes are imprac-
tical to execute piecemeal; they are accomplished in a single reorganization.

TOCU decided on a mix of activities and implemented them as it launched itself 
as a separate unit. The impact of TOCU’s activities was immediate and impressive, 
relative to the undesirable and static situation that had persisted for many years.  
It increased bus reliability and reduced levels of lost mileage due to traffic problems 
on the routes it covered. Customer satisfaction improved significantly according to 
surveys. There was a 14% aggregate growth in the number of people traveling by 
bus in London in the 2 years following implementation. There were 1,700 arrests 
by the new unit in the first year for crimes, including robbery, theft, assault, and 
possession of drugs and weapons. And these arrests have been made in areas that 
were formerly very lightly patrolled if at all by the MPS. For comparison, there are 
somewhat over 700 bus routes (Transport for London 2009). Managers at TfL were 
very pleased with the analysis and the actual results.

If an analyst decides to use this approach, these are the areas to which special 
attention must be paid:

	1.	 Control the level of detail and the level of abstraction of variables so that the 
diagram fits on one page and yet captures the essence of what goes on well enough 
to get the agreement of up to dozens of SMEs. SMEs are able to unleash a torrent 
of detailed operational knowledge. It is up to the modeler to abstract details into 
concepts. For example, there are doubtless dozens of different types of crime.  
A causal diagram, however, should have at most a handful, and perhaps just one.

	2.	 Practice making and discussing several causal diagrams before the final one, or 
work with someone who has that experience. When one has a facile skill of 
knowing how positive and negative feedback loops operate, one can identify 

Portfolio
Current Portfolio 1

Portfolio 2
Proposed Portfolio 3 Portfolio 5Portfolio 3 Portfolio 6 Portfolio 7

B
en

ef
it 

P
oi

nt
s

Overall Portfolio Benefit Score

Fig. 4  Final scoring for portfolios of enforcement resourcing strategy
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important loops during conceptualization (i.e., drawing the causal diagram) and 
understand their impact during the scoring process.

	3.	 Do a dry run. This prepares the modelers to deal with many of the concepts and 
questions that will come up during sessions with SMEs and gives the modelers 
time to think through a scoring system appropriate to the situation at hand: Score 
links or not? Separate scoring for actions and impact points or not? Experience 
suggests that the scoring process usually changes slightly from case to case and 
from problem domain to problem domain.

This case will come back later, in the discussion of model validation. It turns out 
that the block diagrams and causal diagrams are important and useful steps in quan-
titative modeling to obtain expert feedback about model purpose, scope, and detail 
so that such questions can get worked out before the modelers begin writing detailed 
equations.

That said, we turn now to a different kind of economic modeling, fully quantita-
tive, with the discussion emphasizing the design choices that make models well 
matched or poorly matched to a specific purpose and use.

5 � Case Study: COMPOEX Economic Model

5.1 � Model Setting, Purpose, and Methodology

The Conflict Modeling, Planning and Outcomes Experimentation (COMPOEX) project 
has produced an eponymous planning tool (Kott and Corpac 2007). COMPOEX 
explicitly accounts for PMSEII effects (Political, Military, Social, Economic, 
Infrastructure, and Informational effects) through a number of models run together 
automatically, with a general and uniform facility for testing actions and analyzing 
results in the aggregate system. Most critically, the methodology for each model is 
chosen to be appropriate for its own problem domain. In effect, COMPOEX com-
bined a “politician in a box,” an “economist in a box,” and so on by linking a political 
model with an economic model, and so on. The COMPOEX Economic Model (here-
after, Economic Model), the topic of this case, attempts to mimic an “economist in a 
box” by predicting the reactions of markets and actors in the region of interest to U.S. 
government (USG) operations.3 Infrastructure is also represented in the Economic 
Model; investment in infrastructure is an important economic process.

The Economic Model must deal with issues specific to developing countries for 
which far fewer data are available. Many elements of infrastructure such as electric-
ity, water, and health are sporadically available, and the availability is an important 
component of both the response to U.S. actions and of limitations and modulators 
of economic responses. Domestic government responses, particularly biases in  
distributing and spending among regions and activities, had to be explicitly modeled; 

3 This example is adapted from “Economic Model Capability Description Document” by PA 
Consulting, March 31, 2008, copyright © PA Consulting Group, Inc. 2008, used with permission.
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economists look for redistribution effects, in which availability of aid may reduce 
the need for the domestic government to spend money. In some regions, financial 
markets were nonexistent. In some regions, the illicit economy (e.g., growing pop-
pies, white slavery, and smuggling) was a key element in the economy and security 
planning, over and above the shadow economy of transactions for normal goods and 
services hidden from government taxation.

The team managing COMPOEX development approached methodology choice 
essentially with two lists: One list specified a set of PMESII variables of interest 
derived from various planning documents and prior experience. The other list was 
modeling teams and people and their methodologies thought relevant to the exer-
cise. Several rounds of discussion assigned responsibility for defining each variable 
to a modeling team or person.

Data issues, the need for ubiquitous modification of standard economic assump-
tions, and the availability of system dynamics modelers made that methodology a 
relatively uncontroversial choice for the Economic Model.

5.2 � Scope and Level of Detail

Outputs of other COMPOEX models affect the Economic Model. For example, the 
Corruption Model influences incentives for capital investment and the govern-
ment’s ability to collect taxes. The Rule of Law Model (representing police and the 
criminal justice system) and the Military Model take a portion of government rev-
enues to support.

Similarly, the Economic Model affects other COMPOEX models. When the 
Rule of Law Model or the Military Model invest funds to purchase plant and 
equipment (representing buildings, vehicles, and hardware), the Economic Model 
tracks the accumulation and depreciation of that plant and equipment, which goes 
back to influence the effectiveness of law enforcement and military operations. 
The Economic Model tracks employment in the Rule of Law Model, the Military 
Model, and in the illicit activities sector inside the Economic Model, accounting 
for all labor in the country.

An important question is which economic sectors should be modeled separately. 
The needs of the other specialized models suggest separate representation of Rule 
of Law, Military, and illicit activities. Beyond these, planners have particular inter-
est in actions that impact different types of infrastructure, particularly those sup-
ported by the government, or mixed public and private infrastructure (such as 
education and health care). Therefore, the Economic Model has separate represen-
tations for the industries that produce education, health care, transportation infra-
structure, power and telecommunications, shelter, water and sanitation, and other 
government services. The “private sector” includes only two industries: agriculture 
(a major factor in most developing nations) and all other goods and services. This 
mix of detailed public sectors and highly aggregated private sectors is nearly the 
reverse of typical macroeconomic models of developed countries.
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The importance of education and technological expertise in developing economies 
has given rise to the “human capital” school of development economics (Eatwell 
et al. 1987 v1, pp. 818–825; Sen 1985; UN Development Programme 2009). The 
Economic Model represents human development relatively simply, by separately 
tracking blue-collar and white-collar labor, with the mix determined over time by a 
combination of education, work experience, and work opportunities. The mix and 
experience base of labor impacts productivity and production of each type of good or 
service (including education).

Economic sectors interact in several ways. They all participate (along with the 
household sector) in a labor market, with variable wages. The government and con-
sumers allocate spending among economic sectors. The government collects taxes 
from households and private sectors and makes spending decisions for the public 
goods. Households decide whether to spend or save, and to varying extents, busi-
nesses are able to turn to external financing, ultimately from the householders.

The financial sector and treatment of financing in this model is simpler than 
would be the case for an economic model whose purpose was monetary and fiscal 
policy. A single financial instrument aggregates debt and equity, and there are no 
explicit financial intermediaries so that the household holds net assets and the pub-
lic and private sectors hold net liabilities. Tax revenues and an acceptable level of 
deficit spending govern public borrowing. This simplistic treatment is sufficient to 
allow the model to be the “economist in a box” and provide warning if, e.g., an 
action produces crowding out in the financial markets (if there are financial mar-
kets). While imports and exports for each industry are explicit, exchange rates are 
assumed constant, since for various reasons they were not at issue for the regions 
to which the Economic Model has been applied.

Figure 5 shows a top-level view of the Economic Model. Ovals are groups of 
equations (often themselves organized hierarchically into groupings that are more 
detailed). The heavier lines show the simple linkages of textbook economics: 
The Population Needs combine with available Finances to create Demand (and 
Importing and Exporting) of products. That demand both creates Employment 
and justifies investment in Physical Infrastructure. These combine to create 
Production. Employment creates wages that feed back into Finances. Production 
creates tax revenues, which also feed back into (government) finances.

The Macro Finance group is where interest rates strike the balance between 
household saving and industry and government need to borrow. The Macroeconomic 
Performance group, its name somewhat to the contrary, is where measures of mac-
roeconomic performance such as GDP and its components are computed from 
activities performed elsewhere.

The Economic Model has around 1,300 equations, many of them repeated (with 
different parameters) for different geographic subareas and different economic 
goods and services. The simulation starts at the year 1995 and simulates forward in 
time steps of ¼ week. The simulation was compared to time-series data generally 
between 2001 and 2006 (due to poor data availability both before and after that time 
period). The analysis used the simulation from the beginning of 2008 to the begin-
ning of 2011. Standalone, the 1995–2011 simulation took about 9 s on a laptop.
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5.3 � Numerical Example

Both as an entrée to the system dynamics methodology and as a simplified example 
of one portion of the Economic Model, the Employment Group, this section gives 
an extremely simplified example of how a system dynamics simulation model 
works numerically. The commentary will describe some of the issues that differen-
tiate the simple example from what is actually in the model. To give a measure of 
perspective, the example here is perhaps 20 times simpler than the corresponding 
piece of structure in the economic model, and the labor sector is perhaps a tenth of 
the whole model.

5.3.1 � Flow Diagram

Figure 6 illustrates several of the key concepts used to structure system dynamics 
models. The rectangles (Agricultural Employment and Unemployed Workers) rep-
resent stock variables. These variables can, in principle, be counted or measured at 
any moment in time. The “bow tie” variables (Separation Rate, Hiring Rate) repre-
sent flow variables, which have no instantaneous meaning and are defined only as 

Fig. 5  Top-level view of the COMPOEX Economics Model
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occurring over an increment of time. Over time, flows accumulate to change stocks, 
and in a feedback system, the values of the stocks influence the flows.

In Fig. 6, the diamond symbols are constants, which have the same value through-
out a simulation. The round symbols represent arithmetic computation performed 
at a single instant in time. Although they could be folded into the flow equations, 
they are separated both to simplify the presentation of the algebra and to allow a 
priori estimation of the constants involved.

The constants next to the stock variables (Initial Agricultural Employment and 
Initial Unemployed Workers) set the initial values of the respective stock variables. 
For simplicity, the information flow from initializing constants to stocks are not 
shown, since they have no further effect once the simulation is started.

Even at the level of flow diagram, several simplifications relative to a full mac-
roeconomic model are evident: there is no feedback from Unemployed Workers. A 
more complete model would have Unemployed Workers (or their absence) affect-
ing the speed of hiring (constant here, characterized by the Normal Time to Adjust 
Employment). And Unemployed Workers (or their absence) would also change 
wages, which eventually would have an impact on the number of workers desired 
(Desired Agricultural Employment). Of course, that would depend on whether 

Average
Duration of

Employment

Agricultural
Employment

Initial
Agricultural
Employment

Normal Time
to Adjust

Employment

Replacement
Hiring

Addition to
Hiring from

Desired
Employment

Desired
Agricultural
Employment

Unemployed
Workers

Initial
Unemployed

Workers

Net Change 
in Employment
over Next DT

Hiring RateSeparation Rate

Fig. 6  Flow diagram for numerical example
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other factors of production (such as better irrigation systems, better fertilization and 
pest control, mechanized planting and harvesting, allowing land to lay fallow, etc.) 
are available and cost-effective to substitute for labor. Finally, each distinct eco-
nomic sector (education, power and communications, military, etc.) would need to 
keep track of its own stocks of employees, both white-collar and blue-collar.

5.3.2 � Equations for Stocks

−
(t+dt) (t)

(t) (t)

(t0)

Agricultural Employment = Agricultural Employment +

(Hiring Rate Separation Rate )* dt

Agricultural Employment = Initial Agricultural Employment

Unit : people

Initial Agricultural Employment = 1000

Unit : pe

−
(t+dt) (t+dt)

(t) (t)

(t0)

ople

Unemployed workers = Unemployed workers

( Hiring Rate Separation Rate )* dt

Unemployed workers = Initial Unemployed Workers

Unit : people

Initial Unemployed Workers = 100

Unit : people

+

+

Knowing the initial condition for each stock and the rates of flow, the equations 
above compute the value of the stock at the point in time, dt (“delta time”) later.

The rates of flow are measured in terms of people per week, so multiplication 
by dt gives the change that should occur over the time interval of dt. This conven-
tion allows convenient units of measure (weeks, months, years) separate from the 
computation interval. The assumption here is that the dt is short enough that it is a 
reasonably accurate assumption that the flow rate does not change in the time from 
t to t + dt. This is a testable assumption.

Those with mathematical background may recognize this arithmetic as simulat-
ing the integral form of an ordinary differential equation by Euler integration. But 
the mathematical terminology does not change the fact that, at heart, this simulation 
is a straightforward process.

Estimating the initial stocks of people in a real economic sector is usually straight-
forward; virtually, all national governments estimate the size of their population, keep 
track of unemployment, and estimate rough distribution of employment by occupa-
tion. (For other economic quantities, the Economic Model started from physical units 
of measure such as square feet of housing, kilowatts of electrical generating capacity, 
calories per day of food, and so on to facilitate a priori estimation of quantities present 
in the economy. The monetary transactions regarding these goods and services then 
had separate equations and were measured in currency units per week.)
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5.3.3 � Hiring and Separation Rates

(t) (t)

(t)

(t) (t)

(t) (t)

Hiring Rate = Replacement Hiring +

Addition to Hiring from Desired Employment

Unit : people / week

Replacement Hiring = Separation Rate

Unit : people / week

Separarion Rate = Agricutural Employment /

Average Duration of Employment

Unit : people / week

Average Duration of Employment = 50

Unit : weeks

The hiring rate represents a simple heuristic: Hire to replace people who leave plus 
a bit more if more employees are desired.

The Average Duration of Employment is set to have a round number for compu-
tations rather than to be realistic. The equation implies that each week, 1/50th of 
the workers separate (quit or are fired), for an average duration of slightly less than 
a year. In industrial economies, the figure is closer to a 2-year average. In the set-
ting of a developing economy, 50 weeks implies separation on average after every 
season of agricultural employment, which is probably too short. But 50 weeks is a 
nice round number for the numerical example coming shortly.

5.3.4 � Hiring to Change Employment

The component of hiring that deals with a need to change the number of agricul-
tural employees is the simplest possible formulation: If there is a difference 
between desired and actual employees, hire proportional to that difference:

=

=

−
(t)

(t) (t)

Addition to Hiring from Desired Employment

(Desired Agricultural Employment Agricultural Employment ) /

Normal Time to Adjust Employment

Unit : people / week

Normal Time to Adjust Employment 2

Unit : weeks

The division by a time constant is usually preferable to multiplication by some 
number. Here, it is easier to understand “on average it takes 2 weeks to get the 
number of employees to where you want” than it is to attach any intuitive meaning 
to “multiply by 0.5.” Two weeks is probably short for changing employment in an 
aggregate economy, but it is conveniently short for the numerical example.
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5.3.5 � Exogenous Input

In this simple system, Desired Agricultural Employment is considered to be deter-
mined outside the dynamic system (exogenous = “born outside”), and so is modeled 
as a simple function of time:

=(t)Desired Agricultural Employment If t < 2 then 1,000, else 1,050

Unit : people

In the Economic Model, the Desired Agricultural Employment is determined by 
demand for agricultural products, wage rates, productivity,and other factors.

5.3.6 � A Supplementary Equation

Sometimes, one defines a variable merely to monitor it, even though it is not needed 
to conduct the simulation itself. Here, the numerical example will break out the last 
part of the equation for Agricultural Employment as a separate quantity:

=

−
(t)

(t) (t)

Net Change in Employment over Next DT

(Hiring Rate Separation Rate )* dt

Unit : people

5.3.7 � Specifying the Simulation Routine

Finally, to conduct a simulation, one defines the parameters of the simulation pro-
cess: the time when the simulation starts

t0 = 0

The time interval (“delta time”) that occurs between simulation steps

dt = 1

The time at which to stop the simulation

LENGTH = 20

and (for simulation software), how often (i.e., at what interval) to save the results 
for later examination.

SAVPER = 1

The equations above completely specify a simulation, which starts at the initial 
conditions and uses the flow equations to compute the stocks at the next time inter-
val, which are the basis for computing the flows, and so on through simulated time 
until the end.

Figure 7 shows the computation specified by the equations above carried out in 
a spreadsheet format.
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The numerical simulation will be familiar to some spreadsheet users, especially 
those who compute evolution of a balance sheet over time. Spreadsheets can and 
have simulated models formulated according to system dynamics standards. But for 
complex models, specialized system dynamics simulation software is vastly easier 
to use, and creates models that are far more transparent. In addition, the formulas 
that create future behavior must be the same formulas that create past behavior, 
which helps make a powerful validation statement: The rules used to project for-
ward are exactly those that created (roughly) the past behavior.

5.4 � Validating the Model

In textbooks and academic papers, validation is often pass-fail: The hypothesis fits 
the data well or not. Modeling to support real-world decisions is more complex. 
The modeler must (implicitly or explicitly) test three generic hypotheses:

	1.	 That the modeler understands what the user (client) wants to achieve, and what 
means are available to achieve them – this is the model purpose. Unless the 
intended model use is for short-term budgeting, forecasts as such are rarely the 
actual use. More typically, the use is taking action to change one of the behavior 
modes we discussed earlier or to assess the medium- and long-term investment 
climate. Both these call for models that deal with the economic (and near eco-
nomic) behavior modes relevant to a given region. Principles of specifying model 
purpose are discussed in Sterman (2000, Section  3.5.1). Graham (2009b, 
Section 2.1) presents diagrammatic tools for validating model purpose.

	2.	 That the modeler has captured in the modeling how the real-world system works, 
in terms and at a level of detail and scope appropriate to the purpose. Sterman 
(2000, Ch. 21) describes validation tests of model structure and baseline behav-
ior. Classic statistical tests are a subset of these.

	3.	 That the modeler understands the impacts of the actions being analyzed by the 
simulation experiments and why they happen, particularly those with favorable 
outcome that the analysis finally recommends. Such understanding can become a 
“model of the model” that explains in the simplest possible terms why some 
actions turn out to be desirable and others do not. Sterman (2000, Ch. 21) describes 
validation tests of model analysis-based recommendations.

There is one additional wrinkle to system dynamics modeling, which is, the three 
validations above are often done twice, once with a diagrammatic systems thinking 
“model” in which SMEs go through scoring exercises to start to quantify the model 
and policy impacts and once again with a fully quantified simulation model. Lyneis 
(1999) gives real examples of the whole process in corporate strategy. Mayo et al. 
(2001) provide a particularly well-worked out public policy example.

Figure 8 gives a stylized view of simulation model construction and validation. 
Each column represents one round of hypothesis testing and evolution of the analy-
sis. The unshaded headings (steps 1–3) describe the three hypothesis tests for the 
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systems thinking model and analysis by scoring. Each shaded column (steps 3–7) 
represents the hypothesis tests of purpose, system, and analysis for a simulation 
model. Step 3 shows an overlap between the analysis validation step for the 
diagrammatic model with the purpose validation step for the simulation model. 
Step 3 is a decision point, whether the additional effort of creating a simulation 
model is useful and appropriate. And if a simulator is useful, the diagrammatic 
exercise will likely have changed the stakeholder’s ideas about the model scope and 
what policies should be analyzed.

Steps 4 and 5 break the validation of the model system into two parts for conve-
nience, since the tests of pieces of the model (step 4) can be quite different from 
tests of the larger model (step 5). Similarly, steps 6 and 7 break the validation of the 
analysis into those conducted by the modelers from those conducted by SMEs, 
again because the tests are quite different.

Each step of hypothesis testing includes a form of fact gathering and summarizing 
those facts into a hypothesis, which can be tested. These are the first three rows in Fig.  
8. The fourth row describes typical tests, generally using the vocabulary of Sterman 
(2000, Ch. 21). The previous discussion in this chapter has given examples of three of 
the formats for hypotheses (block diagram, causal diagram, and equations).

Few analysis efforts do all possible validation tests. Indeed, only simulation 
analysis for legal disputes comes close to doing everything (Stephens et al. 2005). 
The last row describes the validation testing used for the Economic Model operat-
ing within the COMPOEX system. For the COMPOEX purpose of demonstrating 
sensible and generally plausible and useful results for an economic model working 
in harmony with other, equally specialized, models, these validation activities 
seemed sufficient. “Validation by construction” here means using pieces that have 
been validated individually elsewhere. The COMPOEX economic model was able 
to borrow heavily from earlier research on economic dynamics, both in overall 
architecture and organization (Mass 1975; Sterman 1982; Forrester 1989) and more 
specifically for labor markets (Runge 1976), financial markets (Low 1977), and 
capital investment (Senge 1978).

One type of validation test is often misunderstood, as it differs fundamentally 
from a common and seemingly related statistical process. In standard statistical 
regression, as commonly taught in MBA programs and initial economics courses, 
one specifies an equation form and uses data (and mathematics embedded in soft-
ware) to find parameter values that best fit the data.

In system dynamics modeling, the equations and parameter values are both set 
by a priori information: firsthand knowledge of cause and effect in the real system, 
derived from background reading and interviews with SMEs. “Calibration” or 
“behavior reproduction” validation tests are passed when the simulator, driven by a 
handful of exogenous variables, steps through simulated time to create a simulated 
history that independently reproduces the behavior of time-series data that corre-
spond to model variables. This test is extremely useful in detecting formulation and 
parameter errors (and data errors).

However, there is one circumstance in which this test can be misleading: 
Cyclical behavior (such as the business cycle, described briefly in Table 3) that is 
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generated by systems responding primarily to many unknown random events need 
to be tested differently. To simplify: Simulations of such systems will not have the 
same inputs as the real system, so simple comparison of simulation to time series 
data is not meaningful. The economic business cycle and some commodity markets 
have this characteristic.

For such cases, one must either test for invariant characteristics (e.g., phase and 
amplitude relationships among variables) (Forrester 1961, Section  31.5) or use 
some variant of weighted least squares (which includes full-information maximum 
likelihood) using Kalman filtering (Schweppe 1973), a mathematical technique 
generally restricted to models in the form of state-space dynamic systems, which 
system dynamics simulators do have. Graham (2009b) further discusses this issue 
in model testing.

Figure 9 shows (disguised) behavior reproduction of GDP for three countries in 
one version of the COMPOEX Economic Model (clearly not dominated by cyclical 
behavior).

Of course, the simulation will not match any of the time series at first. But the 
only changes allowed to the modeler are cause-and-effect relationships and param-
eter values, both to be constrained by the a priori knowledge of what is plausible 
and what is not. Achieving such consistency is usually a nontrivial challenge. In a 
feedback system, if one variable differs from what happened in real life, the vari-
ables that it drives will be off, which throws off the variables they drive, and so on. 
Moreover, because any one change usually affects multiple variables, simple curve-
fitting is not possible.

Passing a single validation test, even a difficult one like the behavior compari-
son test, does not prove that the model is correct. The only thing that any validation 
test ever does is fail to disprove a hypothesis. Therefore, a successful behavior 

Fig. 9  Example of one (typically of many) validation plots comparing the historical time series 
for a variable to the independently-produced simulation of that same variable, here gross domestic 
product (GDP)
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comparison test fails to find inconsistencies between the a priori plausible structure 
and parameter values and the multiple time series of observed behavior.

5.5 � Findings: Use of COMPOEX Model

The COMPOEX system has been implemented several times, representing a few 
different regions of interest. These systems have been tested in workshops involv-
ing planners and SME’s in hypothetical planning exercises, in addition to formal 
system testing and review by SMEs. It was also used in a war-game exercise to 
support white team (referee) adjudications that determined consequences of actions 
by the various teams after each round.

The experiment might be called reasonably successful, in that the Economic 
Model functioned much as experts do, pointing out unintended consequences and 
unexpected (or not entirely expected) results in the exercises. A few of these were:

•	 Scale. Many developing countries have populations in the hundreds of millions. 
Many have economies that are supported by oil revenues or other natural resource 
exports. An aid project measured in mere millions of dollars will generally be too 
small to have a substantial impact on the economies. Yet too often, the planning 
and intention of aid programs still proceed under the assumption that the U.S. aid 
in the millions will have an effect that will be noticed and appreciated.

•	 Coupling actions to media coverage. Although too small to have measurable 
effect on the overall economy, actions can be turned into media events, which 
are opportunities for a message to reach national audiences. It is all too often the 
case that the U.S. good works and constructive engagement do not achieve pub-
lic visibility nor on message communication with the public of the host nations. 
In COMPOEX, planners were able to couple media actions with economic 
actions to achieve larger and much broader effects than could be achieved with-
out media effects.

•	 Reducing corruption and increasing government effectiveness. In general, cor-
ruption increases investment risk and the effective cost of capital and siphons off 
cash. Corruption consumes especially white-collar time and productivity in 
making new capital investments. Moreover, corruption reduces the ability of the 
host government to collect taxes and thus to finance development. Government 
lack of effectiveness functions in some aspects similarly to corruption; indeed 
they can often be closely linked. Actions that reduce corruption or increase the 
effectiveness of government spending, and government regulation can have a 
major economic impact.

•	 Price or wage feedback. Giving aid money to one sector will increase wages and 
prices in the targeted sector. This reduces both the effectiveness of the aid and 
the free-market demand due to higher prices. For example, a country experienc-
ing high food prices may attempt to get more food for its population by prohibiting 
food exports. This works partially, but it lowers the incentive to domestic farmers 
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to produce food, so the additional food obtained for the domestic population will 
be less than what was exported formerly. Therefore, despite government actions, 
food would remain a critical issue. This is a textbook example of feedback loops 
defeating the intent of policy interventions (Forrester 1971).

•	 Substitution. To the extent that giving aid to provide a good or service actually 
alleviates the shortage of that good or service, the incentives for the host nation 
government, local corporations, or private individuals to provide that good or 
service is reduced. Less money will be spent on the targeted goods and services, 
and more money will be spent in other places. To some extent then, even tar-
geted aid will have a diffuse effect across many goods and services through 
substitution of aid for other sources of support.

•	 Arithmetic for complex situations. Aggregate economic performance measures 
can contain hidden surprises. For example, in some circumstances, increased 
hiring in a sector may cause average wages to go down. This happens when 
white-collar employees are scarce and their wages are substantially higher than 
those of blue-collar workers. If the additional hiring is mainly blue-collar work-
ers, even though wages for both white- and blue-collar employees go up, average 
wages will go down because the mix changes.

6 � Practical Tips

Even if quantitative modeling seems unlikely, collect the available indicator data •	
early in the project; one needs to know where problems are likely to arise. Deep 
is nice, but broad is necessary. Indicator data helps to control (restrict) the scope 
of subsequent quantitative modeling. In terms of project management, data col-
lection is usually the longest single task and should be started early, even if all 
specifics are not nailed down.
Resist a common request from the modeling client for a broad, unfocused fore-•	
cast. Such an open-ended mission is bound to fail. The resulting model will 
forecast the overall economy poorly and miss details and behaviors that are criti-
cal to the specific decisions that the model should support. Eventually, good 
analysis will require searching for specific conditions and events that could 
undermine the conclusions and recommendations of the analysis. If the modeler 
does not know what recommendations the analysis will be used to support or 
reject, it will be impossible to do a good job of sensitivity analysis.
Involve stakeholders throughout the modeling process and in their terms. Modeling •	
effort is wasted if it does not influence action, which means the modeling must 
result in believable conclusions for the end user. Certain techniques, such as 
benchmarking, expert seminars, or war gaming, are compelling for analysts but 
not for decision-makers. Choose an analysis method with an understandable audit 
trail from the evidence to conclusions. One benefit of a quantitative systems think-
ing exercise (described in this chapter) is that all of the process is visible and 
comprehensible to stakeholders.
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Integrate available knowledge with “quantitative systems thinking” (as in •	
Table 7 and the first case) first, even if quantitative modeling follows. Resist the 
temptation to dive into equation writing. Identifying an instance of too much 
detail is far easier to fix on a diagram than in equations.
Check the capability of candidate models against the behaviors of interest to a client. •	
For instance, in making an investment, currency crises may be important, especially 
if indicator variables show vulnerability to currency crises. Thus, if a model is to serve 
as support for investments, it must be able to represent the dynamics of runaway cur-
rency crises and indicate whether vulnerability is likely to increase or decrease.
Use “what would have to be true” analysis to mitigate uncertainty of economic •	
models. An important way to create robust conclusions that help real decision-
makers is to use the model to find the assumptions (usually extreme) that would 
invalidate the recommendation. For example, suppose a billion-dollar investment in 
a developing country was hedged with certain financial arrangements. And, sup-
pose the model of the investment and its hedges shows that the currency would have 
to decline to 1% of its current value before the investment lost money. If this decline 
were judged to be well outside a plausible range, then the investment decision 
would be robust, even though currency exchange rates are very unpredictable.

7 � Summary

To select, and effectively employ the model best suited for a specific economic 
problem, one starts with understanding the purpose (particularly, the intended deci-
sions) of modeling and analysis, then gathers data on the economies being studied 
to identify actual and potential “behavior modes,” i.e., known patterns of economic 
behavior and their cause-and-effect origins. They define the elements that the 
analysis needs to deal with. We classify such behavior modes and analytical and 
modeling approaches along with zones of applicability for each.

In one case study, the Transport for London (TfL) agency wished to optimize 
allocation of the available funds, in order to increase public transportation safety 
and service reliability and to cope with congestion charges on automobile use in 
central London. Using quantitative systems thinking approach, the analysts and 
SMEs developed a block diagram and then a causal diagram. Then, SMEs scored 
the strength and time delays of each link in the causal diagram, and the direct 
impacts of each potential action on causal diagram variables. Finally, the SMEs 
traced all major paths from each action to the two outcome measures, safety and 
reliability. The resulting portfolio of recommendations was implemented, and mea-
sures of safety and reliability were substantially improved.

The second case is economic modeling in COMPOEX, a system that helps gov-
ernment planners understand consequences of interventions in a region of interest. 
The economic model represents supply and private and government demand in 
government-funded or mixed-funded sectors such as health, power and communi-
cations, water and sanitation, and education; also the illicit goods and services sec-
tor, which draws revenue from corruption and direct sales. Economic performance 
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in the economic model also feeds the power struggle model and the population 
satisfaction model within the COMPOEX system.

Validation of decision-oriented economic models occurs during the entire mod-
eling process, e.g., in seven phases for system dynamics models. Validation testing 
should address three fundamental hypotheses: (1) the purpose is validated; (2) the 
model is validated; and (3) the results are validated.

8 � Resources

8.1 � Economic Behaviors and Data

	1.	 “Near-economic” behavior modes

Theories of political power: (Bueno de Mesquita et al. 2002, 2004)

Statistics:

United Nations Universal Human Rights Index  
http://www.universalhumanrightsindex.org/

World Bank Governance Indicators  
http://info.worldbank.org/governance/wgi/sc_country.asp

Internet Center for Corruption Research  
http://www.icgg.org/corruption.html

Transparency International  
http://www.transparency.org/

Economist Intelligence Unit Country Reports. London: The Economist Group

Freedom House  
http://www.freedomhouse.org

Human Rights Watch  
http://www.hrw.org/

Amnesty International  
http://www.hrw.org/

Gallup Country Stability Index (Gallup Corporation 2009)

	2.	 Secular industrialization, demographic transition

(Caldwell 1976; Caldwell et al. 2006)

Statistics:

United Nations Economic and Social Development theme  
http://www.un.org/esa/

UN Development Programme, Human Development Report and Human 
Development Indices 

http://hdr.undp.org/en/humandev/hdi/
(IMD various years)

http://www.universalhumanrightsindex.org/
http://info.worldbank.org/governance/wgi/sc_country.asp
http://www.icgg.org/corruption.html
http://www.transparency.org/
http://www.freedomhouse.org
http://www.hrw.org/
http://www.hrw.org/
http://www.un.org/esa/
http://hdr.undp.org/en/humandev/hdi/
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	  3.	 General macroeconomics

General economic theory: (Samuelson and Nordhaus 2004)

International economic theory: (Curry 2000; Krugman and Obstfeld 2008; 
Gandolfo 2002)

Statistics:
Fedstats (aggregation of US government data) http://www.fedstats.gov/

International Monetary Fund, Washington, DC  
http://www.imf.org/external/pubs/ft/weo/2008/02/weodata/index.aspx

United Nations

World Bank, Washington, DC  
http://www.worldbank.org/

Federal Reserve System, Flow of Funds Accounts of the United States  
http://www.federalreserve.gov/releases/z1/

	  4.	 Business cycles

Theory: (Mass 1975; Forrester 1982; Forrester 1989; Sterman 2000)

Statistics:

US: National Bureau of Economic Research, Cambridge, Massachusetts.  
http://www.nber.org/
World: Economic Cycle Research Institute, New York and London.  
http://www.businesscycle.com/

	  5.	 Trade balancing through the exchange rates

(Curry 2000; Gandolfo 2002)

	  6.	 Currency exchange mercantilism

(Burgess et al. 2009; Das 2009)

	  7.	 Import dependence and stagflation

Models: (Bernanke and Blinder 1988; Godley and Lavoie 2006)

	  8.	 Capital flight

(Shibuya 2001)

	  9.	 Debt-deflation spiral

Models: (Von Peter 2005; Sterman 1986)
Descriptive analysis: (Graham and Senge 1980; Graham 1982; Koo 2008)

	10.	 Deficit-lead hyperinflation

Models: (Taylor 1991)
Description: (Krugman and Obstfeld 2008)

	11.	 Currency crisis/investment boom and bust, currency exchange defense

Models: (Krugman 1999)
Descriptive analysis: (Krugman 2009)

http://www.fedstats.gov/
http://www.imf.org/external/pubs/ft/weo/2008/02/weodata/index.aspx
http://www.worldbank.org/
http://www.federalreserve.gov/releases/z1/
http://www.nber.org/
http://www.businesscycle.com/
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8.2 � Analytical Methods

	1.	 Economic models generally

Journal of Economic Literature, which publishes only review articles on economic 
topics, will intermittently include macroeconomic models.

	2.	 Quantitative systems thinking

(Lyneis 1999; Mayo et al. 2001; Sterman 2000, Ch. 5)

	3.	 Analytical models

(Samuelson and Nordhaus 2004; von Peter 2005; Krugman 1999; Solow 1956, 
1957)

http://en.wikipedia.org/wiki/Exogenous_growth_model

	4.	 General equilibrium

Large numerical GE: (Inforum 2009; Kubler 2008)

Small analytical GE:

ISLM analysis in any macroeconomics textbook, e.g., (Samuelson and Nordhaus 
2004)

More modern small GE models are actually market equilibrium and steady-state 
growth (Solow 1956, 1957; Foley and Sidrauski 1971; Romer 1990)

	5.	 Single-equation regression and stochastic models

(Theil 1971; Eckstein 1983; Fair 2004.
http://fairmodel.econ.yale.edu/)

Discussion of strengths and weaknesses: (Sterman 1988)

	6.	 System dynamics

General:

(Forrester 1961; Alfeld and Graham 1976; Sterman 2000)

System Dynamics Society 
http://www.systemdynamics.org/

Well-known cases: (Mayo et al. 2001; Lyneis 1999)

Methodological cases: (Graham et al. 2002; Graham and Ariza 2003; Lyneis 2000)

Mathematical foundations:

(Schweppe 1973)

	7.	 Game theory

(Dixit and Skeathmore 2004; Williams 2007)

	8.	 Agent-based

Social science applications: (Billari et al. 2006)

Methodological discussion:

(Rahmandad and Sterman 2004)

http://en.wikipedia.org/wiki/Exogenous_growth_model
http://fairmodel.econ.yale.edu/
http://www.systemdynamics.org/
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