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1. Introduction

Development of multi-regional input-output or
social accounting models has always been hindered by
the lack of good estimates of the flows of goods and
services between regions. Minnesota IMPLAN Group,
Inc. (MIG) along with the U.S. Forest Service (USFS)
has developed a National Trade Flows Model that es-
timates gross trade flows between counties.

The trade flows model is a doubly-constrained
gravity model that uses IMPLAN’s county level esti-
mates of commodity supply and demand. The model
is balanced so that domestic imports and exports “can-
cel out”; that is, when domestic imports and exports
for all states are summed, they are equal for each com-
modity. In other words, all sources of supply and de-
mand are accounted for.

This new trade flows model will be used for sev-
eral purposes. First, it will be used as a new set of re-
gional purchase coefficients (RPCs) for single region
modeling. Second, the model will be used to allow
estimates of model impacts on more than one study
area. Third, it will be the basis for developing multi-
regional social accounting system (SAM) models that
can be incorporated into other software.

This paper will discuss the model and present
some initial results along with comparisons to the
original RPCs.

2. The Model

The base trade flows model is a double con-
strained gravity model where the import and export
flows between regional economies are modeled as
flows between county nodes. In general terms, the
import and export flows between regions are thought
to be proportional to the “mass”, “attractiveness” or
“size” of an economy and inversely proportional to

the “distance” or cost of moving goods and services

between them. Mass variables often are interpreted as
gross supply and demand while distance is frequently
equated with the cost of moving goods and services
from one location to another.

The IMPLAN social accounting system offers a
unique opportunity for modeling domestic trade flows
between regions using a spatial interaction models.
IMPLAN social accounting system is complete and
consistent. Gross supply and demand for all regions
add up to supply and demand on a (domestic) na-
tional basis.

This advantage can be exploited as follows. For
gross domestic commodity supply,

M, X, +2, =S5, 1)

where M is the byproducts matrix for region r, x is the
industry output for region r, z is non-industry (institu-
tional sales) output for region r, and s is the domestic
commodity supply for region r.

Similarly, for gross domestic commodity demand,

Arxr+yr_ fr =dr (2)

where, A is the gross absorption matrix for region r, x
is the industry output for region r, y is gross final
commodity demand for region r, f is foreign export
from region r, d is gross commodity demand for re-
gion r, and when summed over all regions (e.g., states
or counties),

Zsr=2dr. ©)

That is, all sources of supply and destinations of de-
mand for commodities are accounted for by the sys-
tem. Domestic trade flows between regions, of im-
ports and exports are similarly closed.
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Both supplies and demands for all commodities
are known for the system, so an interaction model is
required to estimate the trade flows between locations
or regions of supply and demand. In general, the form
of this model for a particular commodity is as follows.

T, = AB,O,D,d;" (4)

Where T, is the trade flow between regions i and j;

O, is the total commodity supply originating in region
i D i
in region j;

A (2.B;D;di")";  (5)
B, QA0 (6)

is the total commodity demand originating used

and di}b is the distance function.

We have introduced a new term Bj. This formula-
tion assures that the two constraints

2T =6, (7)
and J

ZTU =D; (8)

are satisfied; in other words both the known supplies
(O;) and demands (D;) can be correctly obtained

from the interaction data.
Notice that the expression for A includes the

term B;, while that for B; includes A;. This means

that they must be computed by iteration. The iteration
is accomplished by first setting Bj = 2 and solving for
Aj (eq. 5). The resulting A; is then plugged into equa-
tion 6. The process is iterated until Ai and Bj no longer
change.

Ai and Bj are constants derived through the itera-
tion process and incorporate the inverse distance rela-
tionship between regions i and j, as well as, force the
constraints set by equations 7 and 8 to be true.

This model is documented in “Using a Double
Constrained Gravity Model to Derive Regional Pur-
chase Coefficients” (Olson and Alward ?date). Essen-
tially, the model makes an estimate of the value of a
commodity moved from one county to another.
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2.1 Trade Flows Model Data

There are three main databases used in the IM-
PLAN Trade Flows Model (TEM). These are: the Oak
Ridge National Labs (ORNL) county-to-county dis-
tances by mode of transportation, the Commodity
Flows Survey (CFS) ton-miles data by commodity, the
IMPLAN commodity supply and demand estimates
by county.

The ORNL database consists of distances and
travel times by zip code to zip code and mode of
transportation. The modes are highway, rail, water,
air, and pipeline. Highway transportation times are
also varied by speed limit, toll ways, and other factors
affecting the time of travel. ORNL combined the data
to county level for this project using the employment
centroid as the center point for the computations. The
end result from the ORNL database is an impedance
index as a combination of distance, time, and cost fac-
tor. This index is used in the IMPLAN Trade Flows
Model. There is a separate index for each different
mode. For county to same county distances, the
county was turned into a concentric circle and a point
was set 1/3 the distance to each edge and the distance
computed between the two points.

The CFS data provided the distance in miles each
commodity traveled on average. The ton-miles data is
used in calibrating the Trade Flows Model as it is be-
ing processed. It also is also used to create one index
out of the separate ORNL indexes.

2.2 Model Solution

In practical terms, the distance or impedance be-
tween region i and region j is essentially an “ease of
transport index” obtained from Oakridge National
Labs transportation model described above. The sup-
ply and demand for commodities is from the IMPLAN
models.

For each commodity, the value of trade is solved
by initially setting the b term in the distance function
to 2 and iterating the A and B terms until there is no
longer any change in A or B. Then, for each commod-
ity, the average ton miles moved is computed and
compared to the average ton-miles for that commodity
as reported in the Commodity Flows data. The b term
is then adjusted up or down by a small increment and
the A and Bs are recomputed. This process continues
until the average ton miles moved in the system match
that of the Commodity Flows data. The system is then
solved for each of the 509 commodities and ultimately
ends up with a 3140 by 3140 by 509 matrix of county to
county trade flows.
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Non-shippable commodities such as services were
done by setting the b term to a high value. This does
not allow the services to move very far, treating ser-
vices more like a supply/demand model. The one ex-
ception is Hotels and lodging which were allowed to
move. This is to account for the low local use of local
the supply of hotels services.

3. Model Results

The end results provide an ability to compute a
new Regional Purchase Coefficient (RPC). The new is
simply the value of trade from a county back to itself
divided by total local commodity demand. The defini-
tion of the RPC is “the proportion of local supply that
satisfies local demand”.

The trade flows database consists of 6 Microsoft
Access tables that are about 2GB each. It is difficult to
test the resulting model since we do not have any ob-
served data to check it against. The results can be sub-
ject to examination and given a reality check to see if
they make sense compared to local area knowledge.

Washington County Minnesota IMPLAN data for
2000 is used for this initial examination. The new RPC
is compared to the RPC estimated from IMPLAN'’s
econometric equation for six different cases. The ex-
port flows for each commodity are also mapped and
checked for “reasonableness”.

First the data will presented for commodity flows
between Washington County Minnesota and the rest
of the Twin Cities. Then maps showing the flows from
Washington to the rest of the United States will be dis-
cussed.

The commodities examined are: Fluid Milk, Mill-
work, Petroleum Refining, Miscellaneous Plastics
Products, Special Dies and Tools, and Magnetic & Op-
tical Recording Media. These sectors were chosen be-
cause they are relatively important to the county and
the businesses producing those commodities can actu-
ally be identified in most cases.

Fluid milk employment in 2000 is estimated by
IMPLAN to have be 363 jobs and has total commodity
supply of $115.6 million. Specific producers are not
identified, but the flow of milk to consumers is inter-
esting since milk tends not to travel very far from its
production point.

The Millwork sector includes producers of wood
windows and doors. The main player in the county is
Anderson Windows. This company is one of the larg-
est window producers in the United States and has
national market coverage.

Petroleum refining is also a large sector in Wash-
ington County producing about $550 million in oil in
2000 according to IMPLAN estimates. There are two
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refineries in the county and we know that most of the
gasoline sold in the Twin Cities is produced here.
Mapping the exports of gasoline will give us an indi-
cation of the models ability to predict this flow.

Miscellaneous Plastics products and Special Dies
and Tools are both relatively important sectors, but do
not have an identifiable producer, but the trade flow
estimate has an interested comparison between the old
and new RPC.

Lastly, the Magnetic & Optical Recording Media is
Imation. Imation is a spinoff of 3M and is a large pro-
ducer of CD and DVD recording media. Here we can
get a sense of both the local use and exports across the
country and check it against local intuitive knowledge.

The calculations of commodity supply and de-
mand for the six commodities are summarized in Ta-
ble 1. It also has the current econometric RPC and the
new RPC based on the IMPLAN Trade Flows Model.
For the first three commodities, Fluid Milk, Mill Work,
and Petroleum Refining, the RPCs are really pretty
close.

The Fluid Milk RPC increases to almost 99 percent
or $17.5 million, which makes sense that most local
consumption of milk is supplied locally when the pro-
duction is as large as it is. Exports to the rest of the
Twin Cities 7 County Metropolitan area account for
$30.6 million compared to demand of $250.5 million
for the same area. This allows for domestic exports of
$67.3 million to the rest of the country. What is hap-
pening here is we have additional suppliers of Fluid
Milk in other areas of the Twin Cities and these other
suppliers are filling the demand for milk in the rest of
the Twin Cities.

The Millwork RPC is slightly lower than the
econometric estimate, but passes the reasonability test
since using Anderson Windows in housing construc-
tion is a selling point in this area. For Washington
County, 86.9 percent of demand is satisfied by local
production. For the rest of the Twin Cities, Washing-
ton county supplies $336.8 million of total demand of
2,702.8 million. There are other window producers in
Minnesota likely satisfying that demand. Total domes-
tic exports outside the Twin Cities are $543.3 million.
Anderson does have a national market presence which
becomes more apparent in the maps.

The Petroleum Refining RPC is also very similar to
the econometrically estimated IMPLAN RPC. There is
a large refinery in Washington County that supplies a
large portion of county demand. Washington County
production also supplies a relatively large portion of
demand in the rest of the Twin Cities. As a result,
there is very little left to export outside of the Twin
Cities. Based on local knowledge, that makes sense.
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Table 1. Comparison of Regional Purchase Coefficients
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Special Dies Magnetic &

Miscellaneous and Tools Optical

Petroleum Plastics and Recording
Description Fluid Milk  Millwork Refining Products Accessories ~ Media
Commodity Code 65 137 210 220 321 382
Total Commodity Supply $ 115619 $ 643.612 $  551.679 § 99.281 $ 105.085 $ 283.761
Net Commodity Supply $ 115401 $ 628480 $  532.762 $ 90.815 $ 91524 $ 82172
Intermediate Commodity Demand $ 2458 $ 9508 $ 124456 $ 93.600 $ 8412 $ 1.711
Institutional Commodity Demand $ 15.103 $ - $ 76304 $ 6344 $ 75931 $ 75416
Total Gross Commodity Demand $ 17561 $ 9508 $  200.760 $ 99.944 $ 84343 $ 77.127
Domestic Supply/Demand Ratio 1.0000 1.0000 1.0000 0.9087 1.0000 1.0000
Average RPC 85.12% 90.82% 88.61% 0.30% 84.90% 59.51%
New RPC 99.78% 86.98% 87.45% 2.95% 2.97% 22.12%
LocalUse $ 17522 % 8270 $ 175566 $ 2947 $ 2504 $ 17.064
Imports From Rest of TC $ 0019 $ 019 $ 1.440 $ 19545 $ 4448 $  6.649
Exports To Rest of TC $ 30611 $ 76914 $ 336885 $ 19.209 $ 5416 $ 7.539
Rest Of TC Commodity Demand $ 250573 $ 148.748 $ 2,702.796 $ 1938362 $ 309.145 $ 62.403
Total Domestic Exports $ 97880 $ 620209 $ 357196 $ 87.868 $  89.020 $ 65.108
Exports to outside TC $ 67268 $ 543295 $ 20311 % 68.659 $ 83.604 $ 57.568

For the next three commodities, the trade flows
estimate is quite different from the econometrically
estimated RPC. First, for Miscellaneous Plastics Prod-
ucts, the Trade Flows RPC is 2.9 percent compared to
0.3 percent. The model does end up shipping about
$19 million to the rest of the Twin Cities with the re-
maining $68.7 going outside the region. Miscellaneous
Plastics Products is really a catch-all sector for many
different things so it makes sense that the RPC should
be small, the econometrically estimated RPC seems too
low however.

The Special Tools and Dies sector trade flows RPC
is 2.9 percent compared to 84.9 percent for the old
RPC. This sector produces capital goods used when
equipping or updating equipment in a factory. Again,
this commodity sector is comprised of many different
kinds of actual products so it makes sense that these
products would be shipped all over the US. The RPC
of 84.9 percent seems very high under this scenario.

Lastly, the Magnetic & Optical Recording Media
sector is also quite important to the Washington
County economy. There is $283.8 million in total
commodity supply, but only $82.2 million in net
commodity supply. That means that Foreign Exports
have consumed a large portion of the supply. The
trade flows RPC is 22.2 percent compared to 59.1 per-
cent. Most commodity demand is from final consum-

ers so the product is finished CDs or DVDs. This
commodity again is produced by Imation, and accord-
ing to the company website, sold all over the world.
However, it is also very prominent in the Twin Cities
market so the RPC of 22.2 percent seems reasonable.
The large foreign demand also seems reasonable.

Even though we really have no definitive proof
that the trade flows are correct, and in fact no one will,
these cases cited above seem reasonable. Another way
to examine the flows is to map them. In the next sec-
tion are maps for each commodity showing the flow
from Washington County, Minnesota to the rest of the
us.

3.1 Trade Flow Maps

A map summarizing trade flows for the Fluid
Milk sector is shown in Figure 1. The model is allocat-
ing some supply to a large number of counties. What
is interesting here is the lack of demand in the Western
half of the US as well as the New England states. Cali-
fornia is the number one supplier of Raw Milk in the
US and has a lot of processing. In New England, there
is a compact that supports the Milk industry and shuts
out most other suppliers. These maps are constructed
using a log linear scale so the lighter areas represent
very small flows.



80

@ UEBETC

v [ R NA D A

% Calgaty

BRITISH COLUMB!
anCoLver

SASK.
ALBE - MAHITOEA
Reging & imniney OHTA

: spncord

i, BiOston
e

? .adfurd

O

- Hew York

hiladelphia

ington, D.C

irginiz

each

Atlantic

Los™,

Angeles

San Diego
Pacific
Ocean

Ocean

Jacksonvile

1 Hermosilla

Ciucad 5
o Obregdn ihushus

L e
jouston

G of Waxco

Hickalgly diel Parral’ 1oN12¥ag, Mt Ghiassau
Culiacén & O
D Tarredn Linares THE BAHAMAS
Mazatls EXICO Havana
Copyright @ 2003 Microsoft Corp. andfor it s‘uppliers. AnfngRe e g Py R R Lues &Holguin

The shipment of wood windows from Anderson
Windows in Washington County is illustrated in Fig-
ure 2. Anderson is a national window manufacturing
company with about 4,000 employees in the county.
The national demand is clear. Higher shipments to
areas of the country with rapid population and thus
housing growth are also evident.
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Figure 1. Fluid Milk Shipments
from Washington
County Minnesota

Figure 2. Millwork Shipments
from Washington
County Minnesota
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Petroleum Refining is shown in Figure 3. There are
several refineries in Washington County and they
supply about 80 percent of the gasoline used in the
Twin Cities. This map clearly shows the very localized
distribution of the gasoline product.

The flow of Miscellaneous Plastics Products from
Washington County is shown if Figure 4.
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The flow of Special Dies, Tools and Accessories is
shown in Figure 5. This is a diverse industry and most of

the flows are to areas of the country with a manufacturing
base.

Al MAHITOBA

BRITISH C
Wancouver -

5 Calgary

CANADA

SASKATCHI

Regina SMMibey O W T

“Thufder

Tl -
Los ™}
Angeles

San Diego.
Pacific
Ocean

1 Hermosilla

Ciudgd  Chihuahual, J o
regon
MEX|CO

Guif of Mexico
Hidslgio el Parral’

o]
nclova
- Culiacsn B
Saltillo Linaés
Mazatiar. iudac Yictoris

Copyright @ 2003 Microsoft Corp. andfor its suppliers. All rights resenved.

Pinar del Rio

Figure 4. Miscellaneous Plastics

Products
QUEBEC

Wirginis
Beach

Atiantic

Ocean

= Miami
i G)Nassau

THE BAHAMAS

= CuBaA
@ Ciego de Avile"

Havana

mLas Tunas|




82

Lindall et al.

orfon
=

BERTA
5 Calgary

xgin D A

BRITISH COLUMB

Wancouver o g

MAHITOBA

Reg\na. .V\ﬂ e CHTARIO

Los.'
Angeles L

San Diego
Pacific
Ocean

marding;, !

1 Hermosillo

Ciudad;
Copyright @ 2003 hicrosoft Corp. andfor its suppliers. All rights'rézeti:

Atiantic
Ocean
" Savannah
Jacksonville
“Mokile % Toh ®
Ciudad |~ o el iy Orleans T
o hregan ihuahuz
Dncmva@ Guif of Wexico L Mimi @Nassau
MEXICO :
Culiacén O
o Torredn lonterrey
Mezatlar

Figure 5. Special Dies Tools and

Accessories
QUEBEC

THE BAHAMAS

HavanaE‘ OSanta Clara

G)Las Tunas

CUBA CamagUeyo

The flows of the Magnetic & Optical Recording
Media commodity is shown in Figure 6. This commod-
ity consists mostly of compact disks and digital video
disks. The primary company producing this in Wash-
ington County is Imation a 3M spin-off company. This
map shows fairly even distribution of the commuodity.

Again, something one would expect since the primary
consumer of this commodity is households. There is a

larger flow to Los Angeles, California, perhaps due to
the movie industry.

SASKD

e

Regina .

=) 9 UEBETC
dmoriton
BRITISH COLUMBI ALBERTA
Wancouver g oAy

Atiantic
Angeles Ocean
San Diego
Pacific Savannah
Ocean & Jacksonvile
1 Hermasilla
Ciudad S
o bregan ihuahuz
icl=IGeR i Dnclovao Gl of Wesco Mizmi @Nassau
Culiacén O
D Linares THE BAHAMAS
Mazatia EXICO Havana
= il Vicoria Finar del Rio CUBA
Copyright @ 2003 Microseft Corp. andfor its suppliers. AIlghts Toestsad.

Figure 6. Magnetic & Optical Re-
cording Media
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4. Conclusions

Multi-regional modeling has always been hin-
dered by the lack of good estimates of the flows of
goods and services between regions. Minnesota IM-
PLAN Group, Inc. (MIG) along with the U.S. Forest
Service (USFS) has developed a National Trade Flows
Model that estimates gross trade flows between coun-
ties.

In summary, a double constrained gravity model
was developed using IMPLAN’s commodity supply
and demand estimates along with data from Oakridge
National Laboratory’s national transportation model.
This gravity model made estimates of the flows of
commodities between all counties in the United States.

The IMPLAN National Trade Flows Model does
seem to satisfy the reasonability test. Unfortunately, it
is very difficult to “ground truth” any model such as
this since there is no real data. One method of check-
ing the model is to map the flows and then check for
reasonability. This method might be extended by ac-
tually collecting data from commodity producers as to
where their products are shipped, though this would
be difficult to do on a large scale. There is significantly
more testing to do and as we have more users looking
at it, we can better calibrate the model with that ex-
perience.

The National Trade Flows Model will be used for
policy analysis in numerous ways. The first use of it
will be to incorporate the data into IMPLAN Version
3. This will allow researchers to estimate the impact of
a county level economic event on the surrounding
counties and actually see the individual county im-
pacts results.

Another use will be in multi-regional Computable
General Equilibrium (CGE). Current multi-regional
CGE models have to manipulate the flows estimates
within the program to achieve a balanced model. That
will no longer be necessary.

References

Alward, Greg and Doug Olson and Scott Lindall.
2000. Using a double-constrained gravity model
to derive regional purchase coefficients. Paper
Presented to the Regional Science Association In-
ternational Conference.

Carroll, JD and HW Bevis. 1957. Predicting local
travel in urban regions. Papers and proceedings of
the Regional Science Association (3):.

Isaard, W. 1960. Methods of Regional Analysis. MIT
Press.

Lee, Colin. 1973. Models in Planning. Pergamon Press
Ltd., Oxford, England; pp 82.

83



