
,4,.)0._2.,

, I_ United States

• Department of sti mati ng
Agriculture.

Forest"
--Service

North Central - conom ic / mpacts
_)r_iStnExperiment of Tintber. asedGeneralTechnical

Repo,'tNC-82 IB

_ /ndu try xpans_onin No_'/heastern
M innesota

;.

Daniel L. Erkkila,Dietmar W. Rose, and Allen L.Lundgmn



CONTENTS
Page

Model Descriptions .......................... 2
The FREP Tree Growth Projection System .. 2
The Minnesota Regional Economic Impact

Forecasting and Simulation (REIFS)
Model .................................. 3

Northeastern Minnesota Test Projection ....... 3
P_'ojection observations .................... 3
Sustainability concerns .................... 5
Linkage between models ................... 8
Scenario development ..................... 9
Waferboard plant .......................... 11

Construction ............................ 11
Wood products sector output .............. 11
Transportation sector output ............. 11
Logging sector output ................... 12

25 MW Wood-fired power plant ............. 12
Construction ............................ 12
Electric utility sector output ............. 12
Logging sector output ................... 12

• Adjustments to transportation and logging
sector outputs ........................... 12

Projection results .......................... 13
Total population ......................... 14
Total employment ....................... 14
Gross output ............................ 15

, Totalearnings..........................16
Capitalstock.............................16

Summary ...................................17
LiteratureCited.............................19

Appendix ...................................20

North Central Forest Experiment Station
. Forest Service--U.S. Department of Agriculture

1992 Folwell Avenue
• St. Paul, Minnesota 55108

I Manuscript approved for Publication September 24, 1982
I 1982



• ESTIMATING ECONOMIC IMPACTS
OF TIMBER-BASED

INDUSTRY EXPANSION IN
NORTHEASTERN MINNESOTA 1

II Daniel L. Erkkila, former Research Assistant,
College of Forestry, University of Minnesota,

St. Paul, Minnesota,
Dietmar W. Rose, Professor,

College of Forestry, University of Minnesota,
St. Paul, Minnesota,

and Allen L. Lundgren, Forest Economist,
North Central Forest Experiment Station,

• St. Paul, Minnesota

Minnesota has•found itself, not unlike other Lake optimal distribution of species and cover types pres-
States, in a situation where softwood supplies are ent two major problems forest managers must face
decreasing. Pure softwood stands that are easily ac- in the near future. In addition, in the absence of

cessible and economically feasible to harvest are no proper silvicultural treatments, forest stands have
'longer readityavailable. Recent legislation closing become less productive and more susceptible to in-
the Boundary Waters Canoe Area to logging re- sect and disease attack.
moved a substantial area of such stands. Much of

the remaining softwood supply is not in pure stands Industry expansion must be paced to match the
but in mixed stands characteristically containing low- availability of necessary species and the means of
grade hardwoods such as aspen, birch, and balsam sustaining their harvest over time. Regional labor
poplar. The softwood volume in many of these stands supplies and the necessary capital for investment
has:been too small to harvest separately, but a large could both become limiting factors with too high a
area of this mixed-species resource exists, level of development. On the other hand, the poten-

tial for increased socioeconomic benefits should be
Fortunately, recent developments in the timber evaluated. New jobs, increased industrial growth,

industry have introduced a technology to utilize this and a revitalization of the wood industry can con-
extensive resource. Waferboard, which can be made tribute to increased regional economic stability. For-

" from a variety of hardwood species, promises to re- est managers and other decisionmakers need infor-
• vitalize the Minnesota forestproducts industry in mation about the timber resource, potentials for

the 1980's. Consequently, what were once considered industrial development, and the socioeconomic im-
'_low-value" hardwoods have suddenly become an im- pacts of potential developments in order to make
portant resource, in addition to providing an eco- plans for the future.
nomically feasible means of getting at the scattered
softwood supply. A recently completed forest inventory of Minne-

• sota's forests (Spencer and Ostrom 1979) provides
Serious questions arise, however, with the advent detailed information about the forest resource. Also,

of such a shift in the forest products industry. Un- a newly developed Forest Resources Evaluation Pro-
balanced age classdistributions as well as less than gram (FREP) tree growth projection system (USDA

Forest Service 1979) provides detailed inventory pro-
!This work was carried out under a cooperative jections, with and without timber harvesting, to aid

agreement betWeen the USDA Forest Service--North in examining the impact of harvest options on the
Central Forest Experiment Station, and the Univer- resource. The FREP system mimics the biological
sity of Minnesota. function of tree growth over time, allowing growth
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simulations Of timber stands and projections of tim- I

ber volumes standing (and perhaps removed) at some Regional test area Inventory [ Input,point in time. - /
Any increaseinforestactivity,suchasincreasing

theallowablecut,willalsohave regionalsocioeco-
nomic impacts.These impactsarenotalwayseasy Determination of forest

to identify at first glance, but they can be evaluated management opportunities FREP

using a submodule of the Minnesota Regional Eco- --growthprojections
nomicImpactForecastingand Simulation(REIFS) l
model (Maki etal. 1979). Developed by personnel in |
the Department of Agricultural and Applied Eco-
nomics, University of Minnesota_ the model forecasts
changes in the economy over time, either with or
withoutmajorchangesby man.Thatistosay,either Developmentofa scenario

Involving expansion in the Linkage
tliestatusquo ismaintainedovertimewithsome timberindustry
assumed levelofannualincrease(e.g.,a 4-percent
increasein GNP/year),or substantialchangesare |
made overtime,perhapstosimulatetheadventof {
new technolOgyormarkets. l

Regional economic Impact [ SIMLAB
The question arises, then, as to how one might forecasting Ilink these two models in order to investigate various

alternative timber management opportunities. Each |
alternative may or may not be associated with sub- ?

stantial regional economic impacts. Will new jobs be Conclusions [ Output
crea_ed? What will be the effect over time on the I
Service industries, by expansion in one sector? How

Will changes in the timber industry influence re- Figure 1.--Overview of study.
gional demographics in 20 years? The answer to the
linkage question lies in the development of scenarios

based on the output of the timber resource evalua-
tion system (fig. 1). MODEL DESCRIPTIONS

Thispaperreportstheresultsofajointstudyby The FREP TreeGrowth
theUniversityofMinnesotaCollegeofForestryand
theNorth.CentralForestExperimentStation(USDA ProjectionSystem
ForestService)designedto:

One doesnotneedtoargueatgreatlengthabout
(1)DevelopmethodsoflinkingtheFREP Lake the advantagesofgrowth projectionmodels.At a

StatesTreeGrowth ProjectionSystemtotheMin- timewhen theforestresourcelandbaseisdwindling,
nesotaRegionalEconomicImpactForecastingand theabilitytoutilizemodelsinwhichthetimberre- ,
Simulationmodelforregionaleconomicanalysis,and sourcecan be manipulatedvia simulationisex-

tremelyuseful.With a resourcethatisfartooval-
(2)TestthesemethodsinnortheasternMinnesota uableto experimentwith throughtrialand error,

fora selectedforesttypeby identifyinga potential such simulationmodelsaidresearchersand forest
forestmanagement strategyand evaluatingitsre- decisionmakersby givingthem theabilityto,inef-
gionaleconomicimpact., fect,seeintothefutureandrealizetheconsequences

ofdecisionsmade today(Shannon1975).

The main elementoftheFREP treegrowthpro-
jectionsystemisitsgrowthprocessor.Becausethe
databasebeingworkedwithisa collectionofforest
inventoryplots,theabilitytopredictgrowthonthese
plotsisessential.The systemdevelopedbytheNorth
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Central Forest Experiment Station is an individual of REIFS, the SIMLAB User's Reference Manual is
tree growth model. Such models have been widely helpful (Maki et al. 1979).
used and discussed in the literature (for example,
Arney 1974, Danlels and Burkhart 1975, Ek and NORTHEASTERN
Monserud 1974, Heggi 1974, Mitchell 1975). The MINNESOTA TEST
FREP system is able to handle such forest manage-
ment options as precommercial thinnings, partial PROJECTION
cuttings, etc., as well as a stand's response to these

The first phase of the study was to pick an areaactivities (for a detailed description, see USDA For-

i_ est Service 1979). of Minnesota where forest management opportuni-• ties exist. USDA Forest Service Survey Unit 1, the

The Minnesota Regional Aspen-Birch Unit, was selected because the most up-
to-date and complete data base for the regional eco-

Economic Impact Forecasting nomi¢ impact model was available for this area (fig.
and Simulation (REIFS) 2). Table I shows the total land area by county along

Model with the associated percentages of forest and com-
mercial forest land (Arrowhead Regional Develop-

The study of regional economics has been greatly ment Commission 1978).
enhanced by the use of the input-output model ap-
proach. The input-output table, representing an in- In making a projection of this nature, one must
dustry's role as a purchaser of goods in order to sell identify what it is that may be of interest. In this
goods, is the heart of the model. The investigator instance, two observations were selected: (1) a corn-
constructing the table must become familiar with parison between two growth projections, one assum-
the regional economy (i.e., inter-industry transac- ing timber harvest when silviculturally desirable,
tions), if the model is to be of any value. If the table the other assuming no management activity at all,

and (2) an indication of the harvest potential beyondmirrors the region accurately, the analyst can ex-
• periment with hypothetical or expected changes in the current level of cut.

economic activity and examine the implications for As a start it was decided the projection would be
industry outputs. Such changes may be linked to made using the 1977 Minnesota inventory data. The
alternative government policies and programs or to two runs, with and without management, would
different projections of investment behavior (Isard project only plots of the aspen cover type in State
1969). Further discussion of input-output model the- ownership for one 10-year period. In both cases the

orycan be found in texts by Miernyk (1965), Leontief plots would be brought up to 1980 as a starting point.
(1966), and Richardson (1972). Stand volumes by age and site were recorded, and

Applications to the forestry community are wide- the 10-year projection begun. When year 1990 was
spread (for example, Flick 1974, 1976; Hughes 1970, reached for both runs, the stand volumes were re-
Kaiser 1969). The advantages of being able to predict corded, although in the management projection the
direct and Often more importantly indirect impacts appropriate silvicultural treatment, as built into the
resulting from industrial change can be numerous, model, was carried out prior to the final stand tally.
With: large indust_rial expansion (i.e., new forest Consequently, the management run not only reflects
products facilities), regional development may be the stand volumes in 1990 after harvest but also the
significant, removal volumes (table 2a). The acreage represented

by each site index and age class combination is shown
The Minnesota Regional Development Simulation in table 2b.

LabOratory, or SIMLAB, is the computer-based sim-

ulation module of REIFS consisting of the core re- Projection Observations
gional input-0utput model. REIFS includes, in ad-

dition to the production module (i.e., input-output), As noted, two management options were inves-
the demand forecasting modules, auxiliary modules, tigated in this test case.
operational control modules, and SIMLAB II, the
interactive module. The demand forecasting mod- In the no-harvest projection, the imbalances be-
ules include the export market, regional investment, tween age classes that existed in 1980 are continued.
and regional demand. Value added, employment, la- Additionally, not only is there an even larger stand-
bor force, population, and households are all con- ing volume of aspen type in the 45-65 year age class,
tained as auxiliary modules. For further description but the 75 years and older age class also continues

-

.
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MINNESOTA
8CALE-STMUTE MILE8,.,

0 lS S0 4S SO 7S

COOK

NORTHERN PINE ASPEN-BIRCH
UNIT 2 UNIT1

BECKER,

_

TAiL

J

. CENTRAL HARDWOOD
UNIT 3_

Table 1.--Total land area, forested land, and com- The managed run shows the removals for timber,
mercial forest land, Region I especially in the oldest age grouping, in addition to

Commercial a substantialreductionofvolumeinthemiddle-age
CoUnty_ Landarea Forested forestland category,acrossallsiteindexes.Thisbalancingout

reflectsthe need to manage accordingtositeand
, Acres Percent geographicallimitations with respectto rotation age.

Carlton. 551,800 61 57 This is, in effect, cashing in on the resource insteadCook 861,400 99 74
Koochiching 2,001,300 89 63 of losing it to deterioration by natural causes. It should
Lake ' 1,319,800 96 73 be pointed out that the decrease in volume in the 35
St. Louis 3,899,100 83 68 years and below age group (for both the no-manage-

Total 8,633,400 72 68 ment and management runs) is caused by mortality
in the former and also thinning in the latter. Hence,

growth. This allows for overmature stands to become natural removals equal management removals on
ready targets for insect and disease infestation, even those sites where stands are overstocked.
beyond the maximum suggested rotation age of 70
years if sawtimber or veneer products are the desired Simulated removals on state-owned aspen lands
ends (Perala 1977). from 1980-1990 total 2,286,500 cords, an average of

o
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Table 2a. Ten-year FREP growth projections for state-owned stands in Minnesota's aspen type, with and
without management

(Inthousandcords)

Site Ageclass(years)
index 35andbelew 45-65 75andabeve Total

1980 7.3 0 10.2 17.4
Less 1990nomanagement 11.6 0 11.6 23.2
than 1990managed 11.6 0 0 11.6
40 Removals 0 0 10.2 10.2

i 1980 102.2 293.6 51.1 446.8
40 _ 1990nomanagement 117.8 335.5 126.5 579.8
to 1990managed 117.8 137.5 57.3 312.6
59 Removals . 0 180.8 51.1 231.9

1980 813.8 1,730.6 281.7 2,826.2
60 1990nomanagement 613.9 2,237.6 736.8 3,588.3
or _ 1990managed 613.9 643.2 71.9 1,329.0
Greater Removals 322.4 1,440.3 281.7 2,044.5

1980 923.3 2,024.2 343.0 3,290.4
1990nomanagement 743.3 2,573.t 874.9 4,191.3

Total. " 1990managed 743.3 780.7 129.2 1,653.2
• Removals 322.4 1,621.1 343.0 2,286.5

Table 2b.mAcreage represented by each site index and age class combination for l O-yearFREP growth pro-
jections

Site • Ageclass
index _ , 35andbelow 45-65 75andabove Total

Lessthan40 1,451 0 1,451 2,902
59 18,404 28,454 9,831 56,689

640ot°greater 49,167 94,299 27,705 171,171
.Total 69,022 122,753 38,987 230,762

229,000 cords annually. The available data for cur- Sustainability Concernsrent removals on the same lands show roughly 64,000
cords for a 1-year period. 2This indicates that current

Sizeable investment in a business will not occur
cutting levels of aspen type on state-owned land are if availability of the required raw material cannot

. ,approximately 165,000 cords short of the potential be ensured in the long run. One may ask in this
cut. Figure 3 shows the historical trend of aspen example, then, whether an additional 165,000 cords
removals on all ownerships in comparison with birch of aspen type can be cut annually on state-owned
and miscellaneous hardwood types. These non-aspen land over a long enough period to sustain a givenI types are also acceptable in the manufacture of waf-
erboard. This observation, coupled with the desira- wood products industry and at the same time be ac-
bility of balancing age classes and the fact that the ceptable to the public.
category here (aspen type, state ownership) is just a
portion of the resource potential (see table 3), would To enlarge the resource base, the test case was
indicate that opportunities do exist for more inten- expanded to include aspen lands in county and pri-
sive management of the forest resource, vate industry ownership. Again utilizing the 1977

inventory data for Survey Unit 1, a volume regu-
lation model was chosen to determine a sustainable

2Timber sales data (by permits) during fiscal year cutting level over time. Based on a method developed
1977-1978,Region 1, State of Minnesota Department by Barnes (1951) and modified by Rose and Burk
of Natural Resources, Division of Forestry, St. Paul, (1980) for determining an initial estimate of allow-
Minnesota. able cut, the iterative process (tabular check) was

5
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Figure 3. Pulpwood production for USDA Forest Survey Region I from 1959 to 1977, all ownerships.

carried out to the point where the entire inventory cords per year on aspen cover type alone. This long-
of a stand was cut once in one rotation. The model run sustainable yield level is more than 150,000 cords
wasapplied to the aspen cover type, this time on above current consumption (fig. 3).
State, county, and forest industry inventory plots.

The allowable cut priorities in the model were the Additional volumes are available from other hard-. .

oldest stands first, with those on the best sites re- wood cover types, such as birch (table 5), but lack of
ceiving top priority, appropriate stand growth models prevented analysis

of long-term sustainable yields of these hardwoods.
The imbalance of the age classes in the present Another estimate of their potential available volume

aspenstandsinnortheasternMinnesotaisobvious can be obtained,however,from comparingcurrent
(fig.4).Thishighlightstheproblemstobe encoun- growthwithcurrentutilization.Net annualgrowth
teredinthefuturewhen setvolumesareneededand ofallhardwoodsexcludingaspenisalmost290,000
deficits,may occur.Through regulation,a gradual cordsannually(Spencerand Ostrom 1979),while
trendtowardeven-agedmanagementcanbeachieved onlya fractionofthisannualgrowthiscurrently
(figs.4-6)Figure5 showsthisnearlyaccomplished beingutilized(fig.3).
afterroughlyonerotation(70years).The simulation
shows growingstockvolumeinventories(fig.7)de- All surplusvolumesare basedon conventional
cliningoverthefirst20 yearsand graduallyrising volumemeasurements.Iftotaltreeharvestwereira-
toa higher,more stableequilibriumlevel.The al- plemented,an additional30percentofvolumecould
lowablecut(fig.8)risesrapidlyoverthe first30 be addedtoallthestatedsurplusfigures.The same
years,eventuallylevelingofftogreaterthan550,000 percentageofextrabiomasscouldpotentiallyalso

6



Table 3.--Hardwood inventory summary for Region 1, by ownershipt
..

. Forest
Covertype State County industry All,

Acreage Aspen 257,065 475,222 209,078 1,562,053
Aspen>50 yrs. 86,641 119,395 57,178 430,942
Otherhardwoods 168,839 313,718 110,298 1,031,746
Allhardwoods 425,904 788,940 319,376 2,593,799

Merchantable Aspen 3,089,183 5,-2-67,1-57 2,384,874 16,517,283
volume Aspen>50yrs. 1,513,407 1,819,415 1,019,717 6,682,647
(Cords), Otherhardwoods 1,997,062 3,641,195 1,138,346 11,388,416

Allhardwoods 5,086,245 8,908,352 3,523,220 27,905,699

Harvestable. " Aspen 9,574,338 16,659,387 7,484,716 52,258,621
biomass Aspen>50yrs. 4,637,238 5,789,155 3,200,445 20,883,598
(Greentons) Otherhardwoods 6,532,225 12,156,842 3,900,162 37,997,587

Allhardwoods 16,106,593 28,816,229 11,384,878 90,256,208

BTU.'sx;t08 Aspen 92,200,874 160,429,899 72,077,817 503,250,522
Basedon Aspen>50yrs. 44,656,621 55,749,589 30,820,305 201,109,077
harvestable Otherhardwoods .69,856,622 133,762,229 42,264,839 416,687,217
biomass Allhardwoods 162,057,496 294,192,128 114,342,656 919,937,739

Megawattyears Aspen 832 1,449 651 4,421
Basedon Aspen>50yrs. 400 502 276 1,751
harvestable Otherhardwoods 632 1,208 382 3,689
biomass. Allhardwoods 1,464 2,657 1,033 8,110

Residual Aspen 2,623,676 4,808,284 2,118,750 15,094,734
harvestable Aspen>50yrs. 1,232,072 1,695,471 906,082 5,847,642

.: biomass 0therhardwoods 1,739,307 3,417,974 1,168,132 10,665,389
(Greentons) Allhardwoods 3,899,605 7,436,184 2,929,150 23,282,530

.BTU;sx108 ' Aspen 25,271,247 46,313,392 20,407,800 145,392,478
,Basedonresidual Aspen>50 yrs. 11,867,318 16,330,777 8,727,328 56,324,488
harvestable Otherhardwoods 18,262,713 35,888,727 12,265,386 111,986,679
biomass Allhardwoods 85,805,247 78,079,932 30,756,075 244,466,565

2.800 2,800
" 2.400.- 2.4001-

• . . ' 2;000 - 2.000

Z, Z=

=°,:.o_I =o,.oFih'_ 1.2oo - i

° " "=°°FII h
..o. ..Ogli ! i__
.400 - .400

0,000 " " ' 0.000

• AGE(10 YEAR CLASSES) AGE (10 YEAR CLASSES)
• INITIAL DISTRIBUTION 1977 TABULAR CHECK AFTER 10 YEARS

Figure 4.--Initial (1977) age class distribution for the aspen cover type on State, county, and
.forest industry land in Region 1, and distribution after 10 years of volume regulation.
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Figure 5.--Age class distribution for the aspen cover type on State, county, and forest industry
. land in Region I after 40 and 70 years of volume regulation.
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Figu.re 6.---Age class distributmn for the aspen cover type on State, county, and forest industry
!and in Region I after 100 and 190 years of volume regulation.

' be removed froth timber stands currently being har- incorporated into the regional economic impact fore-
Vested and not considered surplus in our analysis, casting system, which would show how an expanded
Thus, the potential for forest industry expansion in timber industry based on these timber volumes would
Survey Unit 1 appears to be substantial, affect the various sectors of a region's economy.

Lundgren and Essex (1979) have shown the inter-. •

Linkage Between Models relatedness of major components (fig. 9)of a timber
resource evaluation program designed to investigate

At this point, the growth projection has indicated economic impacts. Based on management alterna-
biological opportunities for increased timber har- tives, these economic impacts are the basis for future
vests. The output is expressed in cord volumes by plans and programs. A scenario of industrial expan-
cover type. To determine the economic impacts of sion can be devised in which the timber harvest vol-
such increases on the region, these values must be ume indicated by the resource evaluation system is

8
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Figure 7.--Total growing stock volumes for the aspen cover type on State, county, and forest
industry land in Region I under volume regulation.
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Figure 8.--Allowable cut volumes for the aspen cover type on State, county, and forest industry
land in Region I under volume regulation.

utilized.The scenarioisthelinkthattransformscord speciesforpulpwood in the Lake States,the aspen

volumes intoassociatedemployment and sectorex- resourcehas suddenlyfound an expanded use inthe

pansion_the socioeconomic variables of interest, waferboard industry. Largely coincidental to this
study, announcements began cropping up of studies
to determine plant locations and of planned ground-

Scenario Development breaking ceremonies (Duluth News-Tribune 1978,
1979a; Minneapolis Tribune 1979). Even the one pro-

To maintain a realistic scenario of expanded in- ducing waferboard plant in the United States an-
dustrial development, it was necessary to investigate nounced its expansion in Grand Rapids, Minnesota
potential markets. Although aspen is an important (Duluth News-Tribune 1979b).

.
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. I | databaseusedfortheeconomicprojectionincluded

LAND USE I MARKET _ BENEFITS threecountiesoutsideofSurveyUnit1,theimpactC.,NOE inC, ofone suchfacilitywould have a minor impacton

I / _ an areaofthissize.Many land-useplannershave
observedpoliticalboundariesoverlappingeconomic

| p.ooucT i ASSESSMENT, ] development boundaries, as is the case here. Douglas

INVENTORY .,_- and TREE _' PLANS,

PROGRAMS County,Wisconsin,isintimatelyassociatedeconom-PLOT DATA / REMOVALS EVALUATION

I T icallywiththeDulutharea(St.LouisCounty,Min-
nesota);theothertwo Countiesincludedinthe"re-

GROWTH COSTS gionalimpact study are Itascaand Aitkin in
P.OC.SOR- ,T_ . Minnesota.

To demonstrateeconomicimpactsovera regionof
Figure9.--Majorcomponentsofa timberresource thissizeitwas necessarytoconsidermore thanone
evaluationsystemforeconomicanalysis(Lund- new industrialfacility.Thus,thescenarioofdevel-
gren and Essex 1979). opment assumed introduction, over a 10-year period,

_ The logical industry had appeared and showed of four waferboard plants and one electrical genera-
promise for the future. It has been predicted that the tion plant fired by wood. A facility would be intro-
average variable costs of Minnesota waferboard, a duced every 2 years, the first one beginning con-
product that competes favorably with plywood, will struction in 1980 and the last one opening on January
remain at 57 to 58 percent of southern plywood costs 1, 1990. The plant locations are not site-specific; they
and 51 to 54 percent of western plywood costs through must only lie within the economic development re-
1985 (Fuller and Veltkamp 1979). Another possible gion boundaries. Each type of industrial facility has
user of the harvested biomass could come in the form its own input requirements. These inputs include not
of a_wood-fired electrical generation plant, an in- only wood as a raw material, but also the construc-
terimmeasuretohelpmeet regionalenergyneeds tion,labor,and capitalinvestmentneededtobring

' (Roseand Olson1979). thefacilityintooperation.Allmust be addressed,as
they may or may not influence the regional economy.

The initial plan was to determine the economic The exact development schedule (fig. 10) and the
impacts of just one new facility within the region, specific input requirements for the economic evalu-
However, it was later determined that because the ation simulated via SIMLAB are detailed in the fol-

lowing sections.
-Year Industrialactivity Facilityopening
1980 Constructionofwaferboardplant#1--
1981 approximately2years

1982 Constructionof25MWwood-firedelectrical WAFERBOARDPLANT# 1 opensJanuary1,1982,
generationplant--approximately2years averagingV2offullproductionin1982_

1983 WaferboardPlant#1 atfullproductionin1983.

1984 Constructionofwaferboardplant#2--- POWERPLANTopensJanuary1,1984.
approximately2 years

1985

!986 Constructionofwaferboardplant#3-- WAFERBOARDPLANT#2 opensJanuary1 1986,
. approximately2 years averaging_/2offullproductionin1986. '

1987 WaferboardPlant#2 atfullproductionin1987.

1988 " Constructionofwaferboardplant#4-- WAFERBOARDPLANT#3 opensJanuary1,1988,
approximately2years averaging1/2offullproductionin1988.

1989_ WaferboardPlant#3 atfullproductionin1989.

!990 Nofurtherindustrialexpansion WAFERBOARDPLANT#4 opensJanuary1,1990,
averaging1/2offullproductionin1990.

2000 Endofprojection,December31. WaferboardPlant#4 atfullproductionin1991,as
areotherstoyear2000.

Figure lO.--Timetable for industry expansion over a 10-year period.

10



Waferboard Plant Index (CPI) as a deflator, this cost becomes $5.58
million in 1970. Plant construction proceeds over a
23-month period, hence this figure is divided equally

"Structura| grade particle board," "flakeboard," or
"waferboard," basically refer to the same type of to represent a yearly expenditure.
product. The difference lies in the actual chip used
in the manufacturing process and the grain direction Wood products sector output
in-the chip--i.e., the way it is cut from the log. Waf-
erboard Uses a "wafer" that is large and square with The new industry adds a gross output by selling
the grain parallel to the plane of the 'cut. This is its product in the marketplace. The gross value was
accomplished by feeding the log in sideways and estimated in this example by obtaining the current

i chipping it from the side, rather than' feeding the retail price per unit of the product in the Minne-
butt of the log into the chipping drum (Vajda 1978). apolis-St. Paul market area, then stripping back to

L Consequently, roundwood must be delivered to the a wholesale price, FOB at the mill. This was done
plant and chipped, rather than beir_g chipped at the by using cost-of-doing-business ratios for retail and
landing. Hence, whole tree chipping in the woods for wholesale margin determination, and finally sub-
a waferboard product cannot be done with current tracting out an estimated cost per unit for transpor-

tation. The Appendix shows the procedure and cal-
technology, culations in detail. Again using the CPI as a deflator,

With introduction of a new waferboard facility, the value of gross output becomes $2.34/ft 3 in 1970
construction activity, increased gross output in the terms or $73.125/tVl ft2 (3/8-inch thick basis).
wood products sector, increased transportation via
truck freight to haul the product, and expanded out- The first year of operation for each plant assumes
put in the logging sector would all combine to create only 50 percent of full production. By the second year,
jobs and increase the.cash flow in the region. Changes efficiencies of manpower and equipment allow for
in these four sectors become inputs for the SIMLAB full production at 150 MM ft2.
projection.

Construction Transportation sector output

With the advent of the new product, some sort of
The announced costs of a plant producing 150 mm increased activity will occur in the freight sector: The

to 170 mm ft2 (%-inch thick basis) range from $30 only presently operating waferboard plant in Min-
million to $37 million in current dollars (Minneap- nesota (Grand Rapids) utilizes contract trucking to
o!is Tribune 1979). An average of $32.5 million was deliver its product to market. The scenario devised
used in this example for the capital costs of a plant here assumes the Twin Cities to be the delivery point

l producing 150 mm ft2 (%-inch thick basis) per year. (for further distribution). Estimates of trucking rates

i This figure includes imported capital (equipment) were based on those charged the current waferboardnot available in the region, in addition to the costs manufacturing company (Grand Rapids to the Twin
of construction. Because equipment must be pur- Cities); 3 the rates were inflated linearly to roughly
chased; in most cases, outside the State, it must be represent the distance from Virginia, Minnesota, to
excluded from the economic impact assessment. The the Twin Cities. Because this study does not specify
reason, of course, is that the money expended will plant locations, Virginia, due to its central location
not flow into northeastern Minnesota. The percent- in the region, was selected as an average.
age :of the total capital costs spent on equipment is

sizeable--55 percent is Used here (Stearns-Roger The value, then, is expressed per unit output. In
Corporation 1970). Hence, actual regional construc- 1979 dollars, it equates to $0.28/ft 3 of waferboard
tion costs are: produced (1,000 ft3 = 32,000 ft2 on a 3/s-inch thick

• basis). In the first year of operation (i.e., 50 percent
Capital Costs (1979 dollars) $32.5 million of full production), output in the transportation sec-
Less 55 percent supplied from tor is $347,867 in 1970 dollars and twice that amount

outside northeastern Minnesota $17.88 million when full production is reached.

Regional construction costs $14.63 million
3personal communication, Mr. Eldon Keehr, Intra-

All costs are expressed in 1970 dollars for the base state tariffs, Minnesota Department of Transporta-
year data in SIMLAB. Using the Consumer Price tion, November 5, 1979.

.
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I

Logging Sector output 25 MW x 0.80 (percent load) x 8,760 hrs/
• KW

Input requirements (i.e., cord volumes) per unit yr x $0.028 KWhr x 1,000 MW -
output had to be determined to get an estimate of $4,905,600.
gross output for the logging sector of the economy.
By then assigning the average price for a delivered Logging sector output
cord of aspen, a rough estimate could be made. The
average price for aspen at the time of this simulation Wood requirements at full load were found to be
was $26/cord, delivered (Minneapolis Tribune 1979). 106,775 cords/year (Olson 1978). At 80 percent of
The input requirement, cords/M ft 2(3/s-inch thick ba- capacity, roughly 85,000 cords are required. This is

•sis), was obtained two ways. Rough quoted estimates the input value used in this study. Actually, a plant
of cords consumed per year by a waferboard plant of could get by with less, as all biomass is burned (i.e.,
the same size placed the figure around 780 cords/MM whole tree harvesting). This reduction could be as
ft 2 (Fuller and Veltkamp 1979). Using a transfor- much as 45 percent.

mation formula for flakeboard (1,235 kg dry wood In view of the development scenario, timber vol-
input per ton output), an estimate of 771 cord_M ume requirements are summarized by year through
ft2 was obtained (Vajda 1975). For this study, then, the projection period (table 4). Also shown is the
800 cords/MM ft2 (3/s-inch thick basis) was used as value of the output in this sector, using the $26/cord
the waferboard input requirement estimate.' present worth deflated by the CPI to 1970. Although

it is not input into the SIMLAB projection, man-
25 MW Wood-fired ho,_ per year required to carry out the correspond-

Power Plant ing annual harvest is also indicated. This is based
on a 0.89 cords/man-hour estimate (Biltonen et al.

The only differences in terms of sector changes for 1976) that includes all workers involved in such a
full-time harvesting system. It is included to indicatea new power facility versus a waferboard plant are
the magnitude by which jobs may be increased by•: adifferent intensity of construction, additional gross

output in the electric utility sector, and a different accelerating timber harvest activities. The input-
Wood requirement per unit output. The transporta- output model uses its own transaction coefficients to

determine changes in the other sectors.tion sector is notnoticeably influenced by the new

plant; although nearly all sectors of the economy will _VU tm L---"usL- ens toreflect some change resulting from industrial ex-

pansion. This will be discussed further in the impact Transportation and Logging
assessment section. Sector Outputs
Construction The wood products sector (gross output) and to a

lesser extent the electrical products sector are the
Plant construction costs for a 25 MW wood-fired main driving forces for economic changes in this

power facility were estimated at $8,611,000 in 1973 scenario. In both instances, these industries are rel-
dollars (Stearns=Roger Corporation 1970). Equip- atively new. Because SIMLAB uses an input-output
meat costs were estimated to be 57 percent of this analysis based on historical industry transaction in-
figure, leaving $2,814,790 in 1970 dollars. Based on formation, it is not as sensitive to inter-industry
a 20-month development schedule, this figure would transactions given the new industry component. For
be divided in half, as were the waferboard plant costs, example, the input-output ratio (i.e., transaction
to repr.esent an annual expenditure over 2 years, coefficient) representing the amount purchased from

the logging sector in order to produce $1 of product
Electric utility sector output by the wood products industry was too low. The model

did not adequately account for total purchases--tim-
Gross output was based on the assumption that ber input--required to make the waferboard or elec-

the power plant would run 365 days a year, 24 hours trical products. This was also true of the transpor-
a day. It was further assumed the plant would gen- tation sector output. Consequently, the transportation
crate; on the average, at 80 percent of full capacity.
Rates in effect in 1970 for residential usage were 4personal communication, Ms. Elizabeth Dupay,
obtained from past records.4The gross output in 1970, Rates Department, Northern States Power. November
then, is: 12, 1979.
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Table 4.--Cord requirements for development sce- The Appendix includes an example showing how
. nario by year with associated gross output for the these adjustments were made. Table 5 cites the val-

logging sector and man-hours/year required for ues by sector and year used as inputs to modify the
harvest operation, economy of the study region in the SIMLAB test

projection.

Timber 6rossoutput,. Projection ResultsYear requirements logging,sector Man-hours/year'

Cords 1970m/Iliondollars Thousand According to the schedule, changes were made to
1980 the study area's economy corresponding to industrial1981 120,000 1.65 107
1982 120,000 1.65 107 deve.lopment. Industrial classifications were broken
1983 205,000 2.83 183 down into sectors for the test projections (table 6).
1984 205,000 2.83 183 The baseline projection represents events as they
1985 '325,000 4.48 o 290 would evolve in the absence of timber industry ex-
1986 325,000 4.48 290 pans/on. The development projection is compared1987 . 445,000 6.13 397
1988 _ 445,000 6.13 397 against this and any deviation from the baseline
1989 565,00Q 7.79 505 noted. Based on the development scenario, the changes
1990 565,000 7.79 505 in final demand (table 5) were made in the appro-

yearly yearly yearly priate years of the projection. The construction, log-
to to to

2000 2000 2000 ging, woodproducts,truck transportation, and e]ec-
2000 trica] servicesectors(i.e., sectors12, 15, 16, 35, and

38, respectively) were those incurring the simulated
_Assumed:2,000 man-hours/yearaverage,hence1990 direct economic activity. The total variable effect (e.g.,

figuretranslatesintoapproximately253 man-yearsof employment), as represented in tables 7-11, is the
employment, sum of the values for the baseline and the develop-

. ment impact deviation. Five of the program output
and logging Sector figures were adjusted to show those tables (total population, total employment, gross
increases in gross output that the model did not ac- output, total earnings from wages and salaries, and
count for internally, totals in capital stock investment) were summarized

and are discussed next.

t - • Table 5.--Scenario input to modify economy of test region by sector and year

_ (In 1970 dollars)
Adjusted Adjusted

, ConstructionWoodproducts Electricalproduct transportation loggingsector
, Year Activity costs sectoroutput sectoroutput sectoroutput output

,. (o) (o> (o> (o>1980 (Constructionwaferboardplant#1) 2,7 000
1981 2,790,000 5,484,000
1982 Waferboardplant#1 opens1/1/82 1,407,000 10,969,000 332,283 616,590
1983 (Constructionpowerplant) 1,407,000 10,969,000 664,568 762,991
1984 Powerplantopens1/1/84 ' 2,790,000 10,969,000 4,906,000 664,568 762,991

yearlyto2000
1985 ' (Constructionwaferboardplant#2) 2,790,000 16,453,000 664,568 2,412,991
1986 Waferboardplant#2 opens1/1/86 2,790,000 21,938,000 996,846 1,379,580
1987 . (Constructionwaferboardplant#3) 2,790,000 27,422,000 1,328,126 1,995,981
1988 Waferboardplant#3 opens1/1/88 2,790,000 32,906,000 1,660,409 962,571
1989 (Constructionwaferboardplant#4) 2,790,000 38,391,000 1,992,691 1,589,161
1990 Waferboardplant#4 opens1/1/90 (0) 43,875,000 2,324,971 555,562
1991 Noadditionalindustrialdevelopment (43,875,000 (2,657,254 (0

yearlyto yearlyto yearlyto
' 2000) 2000) 2000)
2000 Endprojection
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Table 6.-:--Breakdown of test region economic sectors, Total population
SIMLAB

Sector Table 7 shows the total population by age groups
number Sectornames through year 2000. The development impact on pop-

ulation in 1985, 1992, and 2000 is positive, as would
1 i.:ivestockandlivestockproduction
2 Otheragriculturalproduction be expected. The largest impact falls in the group
3 Peatlandproduction(empty) between 25 and 34 years of age. It should be pointed

,4. Agriculturalservices,forestry1andfisheries out, though, that these population projections reflect
services andproducts more than the result of industrial expansion. They

5 Ironandferrousalloyores also reflect a decreasing population, which can be
6 Othermetaloresexceptcopper
7 CopperoreminingexceptMinnesota seen by viewing only the baseline projection. The
8 ' ' reason for this downward trend is decreasing em-Openpitcopperorem_n_ng,Minnesota
9 Deepshaftcopperore,Minnesota ployment in taconite mining and manufacturing be-

10. _Nonmetalmining . yond the mid-1980's (Meagher et al. 1979). The "in-
11 Agriculturalchemicals crease" in population due to the timber-based12 Contractconstruction
13 _ Foodandkindredproducts expansion only slightly offsets this baseline de-
14 _ Apparelandmiscellaneousfabrics,textiles crease. Population in the study area for the year 2000
15 Loggingcamps,sawmills is estimated at 334,071 for the developmentprojec-
16 Otherlumberandwoodproducts ' tion, comparedwith 325,571 for the baselinecase.
17 •Paperandalliedproducts
18 Printing,publishing,andalliedindustries

.19 Chemicals
• 20 Peat-chemicals(empty)
21 Petroleumrefiningandrelatedindustries Total employment
22 Rubberandmiscellaneousplasticproducts
23 Stone and clayproducts Neither of the two new industries involved in the
24• Primaryironandsteel industries development scenario is particularly labor-inten-
25 Primarycopperindustries sive. Nevertheless, they have far-reaching effects

26 Copperrollinganddrawingindustries throughout the economy. Table 8 represents the sta-27 Other1° metalsrollinganddrawingindustries
28 Fabricatedmetalproducts tus quoemployment projectionsin the baselinerun,
29 Machinecy,exceptelectrical in addition to employment effects,by sector,as a
30: Electricalmachinery result of increasedeconomicactivity. As expected,
31 Miscellaneousmanufacturing employment in the logging and woodproductssec-
32 Transportation,exceptfollowing

• 33 Railroadtransportation tors (15 and 16) showsnoticeable increaseswith re-
34 Highwaypassengertransportation spectto the other sectors.This is especially true in
35 Trucktransportationandwarehousing 1985 and 1992. Even more interesting, though, are
36 Airtransportation the sizeableincreasesin the servicesectorsofwhole-
37 Communication sale and retail trade (41 and 42), and the medical,38 Electricservice
39 Gasservice educational, and nonprofit organizations(49). Corn-
•40 Waterservice bined with the "other government" sector (53), which
41 Wholesaletrade represents the traditional bureaucratic levels of Fed-
42 Retailtrade eral, State, and local agencies, these four groups con-

43 Financeandinsurance stitute nearly 59 percent of the total employment44_ Realestateandrental
45 Hotels,personalandrepairservices increases attributed to the industrial development
46 Businessservices in year 2000. In that year, the four sectors that were
47 . Automobilerepairandservice altered in the development caseonly contribute ap-
48 Amusements proximately 24 percent to the total employment in-
49 Medical,educational,andnonprofitorganizations crease of 4,495 persons. Additionally, they also show
50 • Federalgovernmententerprises
51 Stateandlocalenterprises a declinein total numbersfrom 1992.Comparedwith
52 Otherindustry the baseyear of 1977, total employment decreased
53 _ Othergovernment(publicgoodsandservices) 4.6 percent by 2000 in the developmentcase,com-

pared with 7.8 percent in the baseline projection. It
1Industriesengagedprimarilyinoperationoftimbertracts

• nurseries,andforestservices(fireprotection). ' is more likely that industrial growth picked up un-
employed personnel in the region, rather than caus-
ing an immigration of workers from outside the study
area. (.
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Table 7.mEstimated and projected total population by age groups, northeastern Minnesota and Douglas
" County, Wisconsin, 1977-2000

_ 1985 1992 2000

Age 1977 Development Development Development
group Baseline Baseline impact Baseline impact Baseline impact

1-5 36,110 39,894 35 33,043 476 25,069 1,238
' 6-tl 45,743 44,767 97 49,233 383 39,472 1,020
i 14-17 " 32,776 17,918 56 19,852 270 23,089 391.
1 18-24 49,776 36,783 193 25,163 715 30,509 922

' 25"34 53,275 66,518 180 53,192 1,260 30,569 2,409
1 35-54 81,672 81,302 112 95,550 606 106,817 1,770
i 55-64 _ 40,880 35,220 36 31,357 188 31,427 368

65+ 43,721 43,816 42 41,875 207 38,620 383
Columntotal 383,954 , 366,218 749 349,266 4,104 325,571 8,500
Grandtotal 383,954 366,967 353,370 334,071

;.
J

Table 8.mEstimated and projected total employment, northeastern Minnesota and Douglas County,
Wisconsin, 1977-2000

" (In number of persons employed)

1985 1992 2000

1977 Oevelopment Development Development
Number Industrytitle_ Baseline 6aseline impact Baseline impact Baseline impact °

• 1 Livestock 2,116 1,593 -- 1,657 15 1,442 17
' 2 Otheragric. 1,503 1,226 -- 1,144 19 996 19

4 Agric.,for.,fish.serv. 775 930 24 1,069 74 1,264 74
12 Construction 3,992 4,222 84 4,025 43 4,163 45
13 Food,kindredproducts 3,464 3,132 --- 2,849 15 2,646 23
15 : Logging,sawmills 1,273 1,206 46 1,158 104 1 128 87
16 Otherlumb.,wood

prod. 833 841 259 837 874 859 747
17 Paper,alliedprod. 5,599 5,753 8 5,749 26 5,942 26
21 Petroleumrefin. 399 320 -- 257 6 212 7

I_l 29 Machinery,exc.elect. 608 683 15 687 27 784 17

32 Transport,except: 1,947 1,679 6 1,312 14 1,052 11
33 _ Railtransport 2,326 2,091 17 1,857 39 1,684 35
35 Trucktransport 838 838 39 848 136 885 129
37 . Communication 1,215 995 52 795 22 652 26
38 Electric 1,145 981 66 864 59 789 49

• " ' 41 Wholesaletrade 7,587 7,481 79 6,952 218 6,721 237
42: Retailtrade 30,573 30,167 174 27,787 733 26,434 1,144

, 49 Medical,educ.org. 13,876 13,207 21 11,940 96 10,727 178
50 _ Fed.enterprises 918 967 13 985 28 1,031 39
53 Othergovernment 22,993 23,571 146 23,436 592 23,372 1,079
Columntotal 103,980 101,883 1,049 96,208 3,140 92,783 3,989

' Total(all53sectors) 138,750 136,580 1,183 130,908 3,504 127,920 4,495
Grandtotal 138,750 137,763 134,412 132,415

1Seetable6forcompletetitles.
Gross output

sector for the baseline and the development cases.
• The value of production in producer's prices--gross In the year 2000, timber-based sectors 15 and 16

oUtputDis used as a measure of region's business together represent 35 percent of the total increase
volume. Industries within the region buy goods and in gross output (above the baseline), valued at
services from other industries to stay in operation. $178,970,000. Compared with 1977, the baseline
Workers spend their payrolls also to buy goods and projection to year 2000 indicates a 53 percent in-

" serVices. Table 9 shows the value of gross output by crease in gross output. With industrial growth, the
.

15



Table 9.--Estimated and projected value of gross output, northeastern Minnesota and Douglas County,
Wisconsin, 1977-2000

.

(In thousands of 1970 dollars)

- 1985 1992 2000

1977 Development I)evelopment Development
Number Industrytitle Baseline Baseline impact Baseline impact Baseline impact

1 Livestock 48,153 48,153 --- 63,904 569 70,865 855
2 Otheragric. 24,049 25,364 --- 29,995 503 33,067 634

• Agric.,for.,fish.
4 serv. 20,151 24,520 636 27,788 1,909 32,342 1,876

12 Construction 132,037 153,861 3,035 156,896 1,676 172,901 1,849
Food,kindred

13 products 319,507 364,048 340 401,311 2,041 450,968 3,987
15 Logging,sawmills 92,349 115,057 4,395 133,363 12,828 158,370 12,221

Otherlumb.,wood
16 prod. 34,954 42,318 13,539 48,359 50,478 56,857 49,494
17 Paper,alliedprod. 227,799 297,191 437 361,938 1,596 455,133 2,018
21 , Petroleumrefin. 58,.860 64,805 525 69,792 1,621 77,136

Machinery,exc.
29 elect. 21,397 28,799 637 33,479 1,313 44,071 962
32 Transport,except: 94,416 111,900 411 128,656 1,385 151,717 1,568
33 Railtransport 67,859 79,115 638 87,223 1,866 98,091 2,032
35 . Trucktransport 15,988 18,161 860 20,076 3,205 22,822 3,330
37 Communication 31,784 34,891 274 36,729 1,034 39,640 1,566
38 Electric 85,765 95,938 6,522 109,840 7,563 130,141 8,193
41 Wholesaletrade 160,085 185,601 1,935 204,699 6,408 233,364 8,232
42 Retailtrade 260,396 294,282 1,698 310,907 8,210 338,318 14,648
49 Medical,educ.org. 187,782 197,238 316 193,561 1,545 188,376 3,130
50 Fed.enterprises 14,259 15,430 218 16,298 460 17,607 660

•: 53 Othergovernment 539,017 662,565 4,105 760,922 19,205 874,976 40,385
Columntotal 2,436,608 2,859,239 40,522 3,195,736 125,414 3,646,765 160,002

Total(all53sectors) 3,626,672 4,220,464 46,138 4,782,795 139,009 5,561,805 178,970
Grandtotal 3,626,672 4,266,602 4,921,805 5,740,775

_Seetable6forcompletetitles.
development impact would reflect a 58 percent in- Capital stock
crease over the same period. Once again, wholesale
and retail trade increases are high (13 percent of The totals of all annual investments, both for out-
total) in year 2000, spurred by consumer spending, put increases and pollution abatement (less depre-

Government growth, in response to increased eco- ciation), are shown in table 11. Industries that are
nomic activity, takes second place to the wood prod- less labor-intensive show higher values of capital
ucts sector gross output (23 percent of total), stock, representing heavy investment in machinery

• and pollution abatement equipment. This can be seen
Total earnings in the development run, year 2000, where the elec-

• The trend in total earnings from wages and sal- trical sector has the greatest increase, due to ex-
tremely costly air pollution control equipment for

aries paid (table 10) follows that of gross output, the new electrical plant. The baseline projection in-
With development, total earnings increase 32 per-

' cent from i977 to year 2000, compared with a 28 dicates a 54 percent increase in total capital stock
percent increase in the baseline projection over the over the period, valued at $3,695,819,500 in the year
same period. Once again, the wood products sector 2000. This is in contrast to a 57 percent increase,

totaling $3,763,305,200 at the end of the projection,
shows the largest increase, followed by the govern-
mental sector and the wholesale-retail trades. Con- for the industry expansion projection. It should be

noted that the government (public) sector (53) is not
struction earnings fall off by nearly 50 percent after

viewed as one that accumulates capital stock in thethe development of new industrial facilities is com-
same sense that the private industrial sectors do.

pleted in 1990. The construction of residential hous-
ing, service facilities, etc., constitutes earnings
thereafter.
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Table l O,--Estimated and projected total earnings from wages and salaries of employed work force,
northeastern Minnesota and Douglas County, Wisconsin, 1977-2000

(In thousands of 1970 dollars)

1985 1992 2000

1977 Development Development Development
Number.. industrytitleI Baseline Baseline impact Baseline impact Baseline impact

1 Livestock 15,483 11,653 --- 12,122 108 10,551 127
I 2 Otheragric. 10,248 9,742 -- 9,086 152 7,911 152

Agric.,for., fish.
4 serv. 6,144 7,597 -- 8,731 600 10,326 599

'_ 12 Construction 55,028 68,626 1,354 66,798 713 73,363 784
Food,kindred '

I3 products 22,227 23,849 -- 25,507 128 28,321 250
Logging,

15"_ sawmills 6,766 8,064 308 9,626 926 11,897 918
Otherlumb.,

16 woodprod. 4,430 5,621 ' 1,798 6,997 7,304 9,058 7,885
Paper,allied

17 prod. 41,811 51,281 75 60,414 266 74,514 330
21 Petroleumrefin. 5,843 5,967 48 5,670 132 5,451 167

Machinery,exc.
29 elect. 4,535 5,721 126 6,499 254 8,454 184

Transport,
32 except: 18,112 19,068 70 17,969 193 17,570 181
33 Railtransport 28,599 34,883 281 41,809 894 51,595 1,069
35 Trucktransport 7,792 9,511 451 11,618 1,855 14,784 2,157
37 Communication14,350 16,291 128 17,499 493 19,408 767
38 Electric 11,143 10,465 711 10,012 689 10,115 637
41 Wholesaletrade 52,127 56,212 586 56,720 1,776 60,664 2,140
42 Retailtrade 122,732 132,427 764 132,454 3,498 139,392 6,035

Medical,educ.
49 org. 91,170 93,854 150 84,857 677 76,231 1,267
50 Fedenterprises 8,373 9,533 135 9,716 275 10,169 381

Other
53_ government 164,643 168,785 1,046 166,999 4,215 166,542 7,687
Columntotai 691,558 749,152 8,033 761,105 25,151 806,316 33,718

' Total(all53sectors) 943,668 1,038,015 9,331 1,093,128 27,510 1,203,574 37,331
Grandtotal 943,668 1,047,345 1,120,639 1,240,905

r _Seetable6for completetitles.

SUMMARY volume decreases in some age classes were attrib-
uted to natural losses from such things as insect and

Minnesota's Survey Unit I (fig. 2) was chosen as disease infestation. The management run called for
the study area for determining the potential for in- heavy removals, especially in the older age classes,
creased forest management activities. A 10-year pro- in an attempt to balance the distribution of age classes.
jection of state-owned lands in aspen cover type was Simulated harvest was approximately 229,000 cords/
made. Management options with and without timber year, roughly 165,000 cords/year above current lev-
harvesting were used to: (1) compare the effects of els in this ownership-cover type category. With the
no timber harvesting versus appropriate harvesting inclusion of other underutilized hardwood cover types,
treatments on age Class distributions; and (2) obtain such as birch and balsam poplar, the potential har-
an idea of the timber volumes that could be har- vest opportunity is high.
vested above current levels.

Sustainability of such an increased harvest was
The no-harvest run showed a perpetuation of un- investigated, expanded to state, county, and forest

balanced age class distributions, making the situa- industry ownerships (aspen cover type). The simu-
tion even worse in terms of overmature timber. Stand lation showed that not only could highly unbalanced
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Table l l. Estimated and projected totals in capital stock, northeastern Minnesota and Douglas County,
Wisconsin, 1977-2000

(In thousands of 1970 dollars)

1985 1992 2000

1977 Development Development Development
Number industrytitle_ Baseline Baseline impact Baseline impact Baseline Impact

1 Livestock 42,243.8 42,243.8 -- 57,289.3 450.3 62,110.0 749.7.
2 Otheragric. 21,098.0 22,251.2 -- 26,481.5 439.7 29,008.6 556.4

Agric.,for.,
4 fish.serv. 17,677.8 21,510.4 557.8 24,377.5 1,674.5 28,372.5 1,646.1

12 Construction 145,036.8 145,036.8 -- 145,036.8 1,528.9 159,634.0 1,685.9
Food,kindred

13 products 68,154.9 77,656.1 -- 85,604.8 435.3 96,197,3 850.5
Logging,

15_ sawmills 29,485.4 36,735.6 1,403.1 42,580.1 4,095.7 50,564:4 3,901.9
Other.lumb.,

16 woodprod. 7,296.6 8,833.8 2,826.2 10,094.9 10,537.1 11,868.8 10,331.9
Paper,allied

17 prod. 169,914.6 221,674.0 325.9 269,968.6 1,190.2 339,483.2 1,505.2
21. " Petroleumrefin. 11;276.0 12,414.9 100.6 13,370.5 310.4 14,777.4 452.6

Machinery,exc.
29 elect. 9,247.4 9,247.4 -- 9,971.6 391.0 13,126.6 286.4

Transport,
32 except: 171,111.6 202,799.4 744.9 233,166.5 2,510.1 274,960.3 2,841.3
33 Railtransport 102,038.0 118,963.0 958.8 131,155.9 2,806.1 147,497.6 3,056.1

. 35 Trucktransport 4,181.1 4,749.4 225.0 5,250.2 838.0 5,968.2 870.9
37 Communication 67,269.0 73,845.2 579.3 77,733.5 2,187.9 83,895.7 3,313.9

•38 " Electric 133,676.0 149,533.2 10,166.2 171,201.0 11,788.3 202,842.2 12,770.4
41 Wholesaletrade 135,570.5 157,180.0 1,639.1 173,352.7 5,426.9 197,628.7 6,971.5
42 Retailtrade 149,653.1 169,128.0 975.7 178,682.2 4,718.2 194,436.0 8,418.2

Medical,educ.
49 org 75,658.4 80,459.1 -- 80,459.1 -- 80,459.1 --
50 Fed"enterprises 5,745.5 6,217.2 88.0 6,567.1 185.6 7,094.5 265.8
• Other

5-3 government .......
Columntotal 1,366,334.5 1,560,478.5 20,590.6 1,742,343.8 51,514.2 1,999,925.1 60,474.7
Total(al153sectors) 2,401,176.4 2,712,023.4 22,261.5 3,115,099.8 56,118.2 3,695,819.5 67,485.7
Grandtotal 2,401,176.4 2,734,284.9 3,171,218.0 3,763,305.2

_Seetable6 forcompletetitles.

age:class distributions be brought into full regula- requirements were determined for all facilities in
tion after nearly one rotation, but allowable cut could terms of wood and construction costs. Their associ-

' be substantially increased over time. This would level ated final output, valued approximately as they would
off to greater than 550,000 cords/year on aspen cover be sold in the region, were calculated. Direct effects
•type alone. Considering the other hardwood types on other sectors of the economy as a result (e.g., truck
(but stillignoringnonindustrialprivateowner- transportto haul finalwaferboardproduct),were
Ships),the magnitudeofthepotentialresourcebe- alsodetermined.
comesevident.

The waferboardplantsand 25MW wood-burning
A compositescenarioofindustrialdevelopment electricalplantcausednoticeableimpactstothestudy

was devisedtoutilizethelargepotentialincreasein areaeconomy.Expansionintheconstruction,wood
hardwoodharvestsavailablefromstate,county,and products,logging,electrical,andtrucktransportsec-
forestindustrylands.Developmentoffourwafer- torswere shown to influencenumerous variables,
boardplantsand a wood-firedelectricalgeneration some more than others.Tables7-11highlightthe
plantbetween 1980 and 1990was assumed inthe more noticeableimpactson totalpopulation,em-
hypotheticalexpansion.Thiswas the linkingele- ployment,grossoutput,earnings,and capitalstock.
ment betweenthe outputofthe biologicalmodel, A predicteddeclineof58,383inregionalpopulation

. FREP, and thesocioeconomicmodel,REIFS. Input from 1977toyear2000was lessenedtoa declineof
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49,883. Moreover, significant increases, or perhaps Daniels, R. F.; B_trkhart, H. E. Simulation of indi-
offset of decreases, in preschool and school age chil- vidual tree growth and stand development in
dren occurred by the end of the projection period, managed loblolly pine plantations. Division of
The importance of such figures could weigh heavily Forestry and Wildlife Resources, VPI & SU. FWS-
in educational planning, especially if school closures 5-75; 1975. 69 p.
and/or reductions in educational staffs loom ahead. Duluth News-Tribune. December 15, 1978.

Duluth News-Tribune. February 22, 1979a.
As a result of industrial expansion, employment Duluth News-Tribune. February 24, 1979b.

expanded su_stantiallyby the year 1992. Over 1,000 Ek, A. R.; Monserud, R. A. FOREST: A computer
jobs were created in the timber-based sectors alone, model for simulating the growth and reproduction
By the year 2000, the wholesale-retail trade sectors of mixed species forest stands. Res. Rep. R2635.
indicated an increase of 1,381 jobs to offset the pre- University of Wisconsin, College of Agriculture
dicted decrease in employment ,for that sector. But and Life Sciences; 1974. 90 p.

the more striking trend was in a sector that showed Flick, W. A. Environmental repercussions and the
a predicted employment increase even in the absence economic structure: an input-ouput approach: a
of_development. Over the period 1977 to 2000, em- comment. Rev. Econ. Stat. 56: 107-109; 1974.
ployment in the government services sector in- Flick, W. A. An input-output model of public forest
creased nearly 4.7 percent in response to develop- management. Can. J. For. Res. (6): 170-178; 1976.
ment. In relative terms, the wood products sector Fuller, B.; Veltkamp, J. Aspen resources and the waf-
increased most significantly; but retail trade had a erboard industry in Minnesota. Portland, OR:Wood
larger absolute increase in jobs in this scenario. Rev. 2(28), August 3, 1979. 6 p.

Heggi, F. A simulation model for managing jack-pine

Without development, gross output, based on his- stands. In: Fries, J., ed. Growth models for tree
torical worker productivity, was predicted to in- and stand simulation. Stockholm, Sweden: Royal

College of Forestry; 1974. 379 p.
crease from 1977 to the year 2000 by better than 53 Hughes, J. M. Forestry in Itasca County's economy:percent. With development, this increase was boosted
to nearly 58 percent. The government sector showed an input-output analysis. Misc. Rep. 95. St. Paul,
the second largest increase in gross output. Invest- MN: University of Minnesota, Agricultural Ex-
mentsin capital stock showed greater increases with periment Station; 1970. 98 p.
development than without. The electrical service Isard, W. General theory: social, political, economic,
sector showed the greatest investment increase, val- and regional with particular reference to decision-

making analysis. Boston, MA: MIT Press; 1969.ued at $12.77 million (in 1970 dollars) for the year
2000. The wood products sector was close behind at 1040 p.

' $10.3 million. Pollution abatement equipment Kaiser, H. F. Input-output analysis of the southern
weighed heavily in these increases, especially in the forest economy. Res. Pap. SO-43. New Orleans,

LA: U.S. Department of Agriculture, Forest Serv-electrical service case.
t _ ice, Southern Forest Experiment Station; 1969. 18
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I

$0.63 X 40 lb (approximate Now, 1.2338 cords input yields 50 ft3 output,
100 lb ft3 waferboard density) 50 ft 3

= $0.25/_3" or 0.03125 ft (3/sin.)
= 1,600 ft2 on 3/s-inch thick basis.

Because this value is based on the Grand Rapids-
Twin Cities highway distance, it was changed to a Then 1.2338 cords yields 1,600 ft2(3/sin.) or 7.71125
per-mile rate and expanded to estimate the rate to x 10B4 cords/ft 2 (8/s-inch thick), equalling approxi-
Virginia, Minnesota. This hypothetical regional cen- mately 771 cords input/ram ft 2 (3/8 in.).
ter resulted in a 70¢/100 weight rate, or 28¢ per ft3
in 1979 termh. During the first year of a waferboard Adjustments of
plant's operatio n, the transportation sector would Transportation and Logging
haul one-half the amount it would the following year: Sector Inputs

As referred to earlier, the table of technical coef-
Full production 150 mm ficients (i.e., input-output ratios) in SIMLAB were

ft_ (3/s") = 4,687,500 ft3, not fine-tuned adequately for the new industries pro-
4,687,500 ft3 x $0.28/ft 3 - $1,312,500 (1979), posed in the scenario. Consequently, adjustments were
$1,312,500 deflated by CPI = $695,733 (1970) in made to the values of final demand that were inputs

full production for in the SIMLAB development case projection (table
transportation 4 in text).The followingexampleshows how this
sector, was done.

Firstyearofwaferboard --$348,000(1970)for
plantoperation transportationsector. Fortheyear1985,thewood productssectorfinal

demand (output)was $10,969,000.Thisrepresented

Determination of Cord=input one150 MM ft2(3/8-inchthick)waferboardplantat
fullproduction(150MM ft2 x $73.125/Mft2).The

Requirements (volume) correspondingtransportationoutputwas,asshown
earlier,$696,000(rounded).The technicalcoefficient

Based on the 1,235kg drywood inputper1 ton tobe checkedinthe input-outputtablereflecteda
outputconversionfactorforflakeboard(Vajda1975), valueof0.002866.That is,toproduce$1 ofoutput
the cord-aspenper mm ft2 (3/8-inchthickbasis) inwoodproducts,$0.002866was purchasedfromsec-
equivalentwas determinedasfollows: torNo.35,motorfreight.Butthe1985finaldemands

indicated:

Assuming 83 ft3/cord for aspen, $ 696,000 (transport output) - $0.063452
tnen 83 ft3 26.6 lbs $10,969,000 (wood prod. output)

cord x ft3 (12 percent m.c.) The scenario shows that slightly more than $0.06 is
purchased in motor _freight for every $1 of wafer-

,2,20.8 Ibs/I,001kg_, boardsold.The model,then,isnotaccountingfor
cord k, cord _ $0.060586($0.063452-$0.002866)intransportation

• and 1,235kg "dry"wood inputtranslatesinto per$1 ofwood product.Hence,thetransportation

1,235kg = 1.2338cordsinputfor finaldemand isincreasedtopickuponlythatportion
1,001kg/cord thatthemodelwillnotaccountfor:
I tonoutput. $0.060586

_ adjustedtransportationfinaldemand
Assuming densityofwaferboardisapproximately $10,969,000

40 lbs then input of 1.2338 cords for 2,000 lbs out-
ft3 ' Adjusted transportation final ciemand = $664,568.

put (i ton) yields . The value of $664,568 for year 1985, in the trans-
ft3 portation Sector, is what is shown in table 4 and is

2,000 lbs x 40 lbs - 50 ft3output, used to modify the SIMLAB development case pro-
jection. This was done, similarly, for the logging sec-
tor and both were modified each year as necessary.
In year 1991, the model adequately accounted for
final demand in the logging sector, hence no final
demand (output) was added.
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Estimating economic impacts of timber-based industry expansion in

northeastern Minnesota. Gen. Tech. Rep. NC-82. St. Paul, MN: U.S.
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Analysis of current and projected timber supplies in northeastern
Minnesota indicates that expanded timber-based industrial activity
could .be supported. The impacts of a hypothetical industrial devel-

• opment scenario,includingconstructionofwaferboardplantsand a
wood-fueledpowerplant,wereestimatedusinganinput-outputmodel.
Development had noticeable impacts on the study area economy,
e.g., regional employment and gross output.

KEY WORDS: Input-output model, development scenarios, timber
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