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Abstract: The impact of selected site and stand atmbutes on stand management is 
demonsuated using actual forest model plot data and a complete systems simulation model 
called MANAGE'. The influence of terrain on the type of logging technology required to 
log a stand and the resulting impact on stand management is also illustrated. The xesults can 
be used by managers and planners in making decisions on how best to manage the hardwood 
resource. 

INTRODUCTION 

Intensive management of immature eastern hardwood stands has received increased attention 
(U.S. Department of Agriculture 198 1, Smith and Eye 1986). Economic returns to 
management activities in these stands are affected by logging and processing technology and 
transport costs (LeDoux 1988a). Hardwood market trends, stand growth-and-yield response, 
stand composition, and landowner objectives also influence hardwood management decisions. 

Decision makers and planners need to know which site and stand attributes affect costs and 
benefits and to understand how these variables interact for a particular management plan. 
Plans must incorporate short- and long-term effects of site and stand variables on 
management. Additionally, the choice of logging technology significantly can constrain stand 
management options. 

'~ndustrial Engineer and Project Leader, and Research Forest Products Technologist, U.S. 
Department of Agriculture, Forest Service, 180 Canfield Street, Morgantown, WV 26505 

2The computer program described in this publication is available on request with the 
understanding that the U.S. Department of Agriculture cannot assure its accuracy, 
completeness, reliability, or suitability for any other purpose than that reported. The recipient 
may not assert any proprietary rights thereto nor replresent it to anyone as other than a 
Government-produced computer program. 
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METHODS 

In this article, the effect of site and stand attributes, and logging technology on stand 
management is evaluated with a complete systems simulation model called MANAGE 
(LeDoux 1986). MANAGE, a computer program written in FORTRAN 77, integrates 
harvesting technology, silvicultural treatments, market prices, and economic criteria over the 
life of a stand. The simulation combines discrete and stochastic subroutines to model 
harvesting cost, silvicultural treatments, growth projections, and to conduct discounted cash 
flow (SEV) analysis. The model can be used to develop optimal management guidelines for 
eastern hardwoods. The results also can help planners and managers understand the impact of 
site and stand variables on costs, benefits, and returns to management practices. 

Stand Tables 

The stand tables used to initiate the simulations were those published by Schnur (1937) for 
even-aged upland oak forests (Table 1). These tables represent projected conditions by site 
index and age for fully stocked upland oak stands. To insure that all frrst thinning entries 
were economically feasible, the ages of the stand tables selected to initiate the simulations 
varied by site index. For example, the average diameter of the initial stands averaged about 8 
inches and the starting volume averaged about 2500 ft3/acre (Table 1). Because it takes 
longer to attain average d.b.h. of 8 inches or poor sites than better sites, simulation begins 
later for low site indexes. 

The initial tree lists by site index were entered into MANAGE and the growth and yield was 
projected for a variety of management scenarios. Cable and ground-based logging technology 
were evaluated by site index for each stand. The costs and benefits by site index were 
simulated and summarized on a cash flow and discounted cash flow soil expectation basis. 

Logging Technology 

The interaction of logging technology and stand attributes by site index was evaluated by 
assuming that the stands shown in Table 1 were located on both steep and gentle terrain. The 
~leanvate? yarder (LeDoux 1987) was used to simulate harvesting of the stands for the steep 
terrain applications. The Clearwater yarder is a medium size yarder capable of yarding small 
and large logs. A John Deere 540B rubber-tired skicider was used to simulate the harvest of 

? h e  use of trade, firm, or corporation names in this publication is for the information and 
convenience of the reader. Such use does not constitute an official endorsement or approval 
by the U.S. Department of Agriculture or the Forest Service of any product or senice to the 
exclusion of others that may be suitable. 
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the stands on gentle termin applications (ZeDaux 1985; bDosmx 1988b). The John Deertt 
540B is a medium size skiaer capabb of skdding smdl and large logs. Fngmes B and 2 
show the John Deese S4OB md Cleawater ywder. ~sp%tlwely, The casts for the above 
machines were est imatd uskg EASTCOST m D o u x  1988b). The s m ~ m s  of cost and 
kaefits were s u n e z e d  by areatmerat, site. index, and logging technofogy and presented on 
a soil expectation basis. The &liver& prduce prices used are shown in Table 2 and were 
c~bt~naed from Coastal Lumber Compmy, F l o p w d ,  PA and Farest R&us;e fice BrslteGns 
(Ohio, 1989; Penn Swe, 1989; Tennessee, 1989). 

Tabb I.--hieid aaa~isribuks erf timber stands; average d.b.h., f$ vuslume, age, trees, and s p ~ i e s  
mix, by site index, for even-ag& uplmd oak stands. 

Site Mean Trees/ Red White White Red 
i ndex  DiBH V a l  Age acre maple ash oak oak Hickory 

m3/ 
I n c h e s  acre Years --- -...--------- Percent  ------------ 

SO 8 . 3  2535 90 2 8 4  5 .0  6.0 57.0 25.0  7.0 

Table 2.--Delivered paices for sawlogs md f u e l w d p u l p w d  by species. 

~a rge' pniedkumZ Smz1L3 ~uelwoad/* 
Species sawloss sawLoqs sawloss pulpwood 

--..----- S/Mbf (Doyle Rule) -------- -$/Cord- 

R e d  Maple 210 160 8 0 3 0 

Whi te Ash 500 300 100  30 

K h i t e  Oak 500 300 100 30 

Red Oak 600 350 100 30 

Hickorv 210 160 100  30 

'Minimum small end &meter 2 13 inches, length 2 10 fat. 
2Mininaum small end &meter 2 P 1 inches, Beingef3 2 8 feet. 
3 ~ i n i n u m  small end &meter 2 10 inches, lengh 2 8 feet. 
'89 f?/cod, rPkinirm.,um small end danneter 4.0 inches that will not make large* me&arna, or 
smd8 sawlogs. 



Figure 1. The John D e e ~  540B sbdder. 

Management Objectives 

iFoh campkson g ses, the stands were subjected to one thinning and then projecM to 
optimal (The maximizing of SEV.) rotation age by log@ng twhnology. So2 expee&~on 
value (SEV) is used to compape returns4. Xnni~d thinning ages were &finedl as the earliest 
age that a s t a d  could be commercidly &inn& by the logging techraojsm s p 5 &  md pay 
fix itself m- at %cast break even. Area versus mp-me-&ease &innings were simulated with 
the objective of producing q u d i ~  sawlogs at final hamest. 

T h e  soil expectdtion vdue is a mmirrajzing of the presem net W O R ~  d ~veneaes mkus costs 
from ara acre of b m  ground and dl future stands on that acre. 



Figure 2. The Clearwater c;it~le yarder. 

RESULTS 

The resuits indicate that lower site-index stands hame lower soil expectaeon values and bnger 
a3ptirnaH rotaeiorms. c o a ~ p a ~ n g  the optimal rc~tiftion %&ngh for the John h e r e  54OB s k i a e r  by 
site Irtdex shows the effect of site index a n  soil expectation and rotaG6pn length. Fm example, 
site index 50 has a soil expectation value: sf $2.413/acre with ara sptimd mtaean age of 195 
years. By conrTast, a site-index-80 stand has a soil expectariow. vdue of pf32.558acrr; with an 
optimd ro.ota~on age of 130 yeas Fig, 3). Higher site in&xes gewedly ~suEted in larger 
awesage d.5.h. mes at gap~mal rotation and @eater yields. Ht is interesbiaag to note ahat the 
opximai m-otaaion ages generdly are prducing mes h a t  weage 15 to 16 inches d.b.h. 

'I%e effects of 1i~ggirng technology also %re shown in Figwe 3. Generdly, use of cablit: 
logging no hamest the stands resuited in optimal rotation lengths It) yews longer: than when 
using the ground-based system, the John Dee= 540B skidder, This is dtre to delaying s f  
&innings by 5 years mi4. hmeseing nmre Bees md voZume from thinnings $0 offsee the high 



Figure 3. Soil exp~tation, average d.b,h., ogfima9. rata~on lengh, md total volume 
harvested at optimal r o a ~ o n  age by sire index md logginag t~bndogy .  

costs sf expensive skyline jogging systems. As a ~suXr,  the average d.b.h. anrd vafuc of tsees 
=moved in &inning were greater when cable jogging techndogy was applied. The incmase 
in average d.b.h. resullrs from stads being p w r a  30 years longer &m when ground-bas& 
systems were used. Fig- 3 shows the sail expsta~on vdue for the o p ~ d  ration Ben@ 
by site index. The nsnlts include cash Wows %ram both &iurnings md Fmal hmests. 



Tabk 3.--Net casb-flow components; from comereiaiI8takni~g (CT') and f5nd hawest 03%) 
by logging ~echslology and site index. 

-- 
Average Volune Gross Total stump- Net 

E n t r y  d. b . h . removed revenue to-mill cost cash flow 
( y e a r s )  

--- 
Inches ftciacre ----------- Dollars/acre -------.---- 

Site Index 50 and John Deere 540B 
CT-110 12.51 2304.80 1053.09 939.94 123.15 

Site Index 50 and Clearwater 
CT-115 13.05 2493.32 1280.99 1180.98 100.01 
FW-195 16.08 4149.84 3692 -20 1749.54 1942.66 

Site Index 60 and John Deere 54BB 
CT-90 12.65 2558.52 1142 -38 1019.43 122.95 

Site Index 60 and Clearwater 
GT-95 13.17 2781.67 1477 -27 1307.57 169.70 

Site Index  70 and John Deere 540B 
CT-75 1 2 , 6 5  2462.80 1089.15 981.70 101.45 
FH-145 16.19 4256.28 4469.47 1 4 4 3  -78 3025.69 

Site Index 70 and Clearwater 
CT-80 12.94 2911.28 1.533.95 13?9.20 154.75 

Site Index 80 and John Dcere 5 4 Q B  
CT-65 12.83 2663.76 1187.14 1047.97 139,17 

Site Index 80 and Clearwater 
CT-70 13-11 3096 - 8 7  1712.45 1455.60 256.80 
FH-140 18.07 4108.00 4893,95 1641.78 3252.17 

Table 3 shows the average d.b.h., volume harvest& (f?), aaa;\discount& cash flows by entry 
md final harvest for each site index and l~g@ng technology. Genezdly, smds  could be 
&iatlnd at an earlier age for each site index when using p n d  b a d  systems. This is due 
largely to rhe use of cable systems resulting irn higher hmesting cost and the hintmirag 
&lay& by 5 years until the Prees were larger :ad were valuable. cfhinnings bwome 
economicd for the rubber-tir& sbdder when the trees average about 12 inches d.b.ln. By 
contrast, the stands need to average about 13 inches for the Glemates. The 12- and 13-inch- 
d.b.h. economic-feasibility Iimits range from a stand age of 70 to t 10 years for site index 80 
versus a site i~ldela of 50, Further, in most cases the initid conmercial thinning must remove 
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approximately 2,300 f ? / a c ~  when using ground-baW systems and appmximatetrly 2,5W 
fP/acre when using cable techmlogy. Earlier d%innings would require either subsidy by the 
laaa<kg>wrser or higher prices fm low qudity m u n d w d .  

CONS;a4EBtAT%ONS FOR MANAGERS 

We deGbemtely s r m d  with stands of &ffg:rent ages but similar mean d.b.h., volume, md 
s p i e s  composition so that  aso on able e o m g ~ s m s  could be made between site indexes and 
logging technology. Results show that one comerc id  thinnhg can be i n i ~ a t d  at age 65 on 
site index $0 with ground-based technology and at age 115 on site inrfex 50 with cable- 
logging technology. Bptimd rota~om ages fur the residuaf stands range f m  age 130 on site 
index 80 with &raund-based technology to age 195 on site 50 with cable-loggng systems. 
Cash flows for the thinnkgs range from a b u t  $ltW/acte: on poor sites so $257/ame on g a d  
sites. Cash flows for the find hanrest at rohtion age range from $1,4162/am apn p r  sites to 
$3,5221acre on good sites. 

The average tree d.b.h. rand volume =moved per a m  significantly &e@t logging costs and 
the way a stand is managed to maximize soil expectation value. Site index, in turn, 
influences d.b.h. and voBume growth, thus having an impoflzarat influence on the way 
even-aged oak stands are managd. The tearain on which a stand is %mated dictates the kind 
of logging technology that must be u s d  during ahinnings and hmests. As we have shown, 
logging technology can influence timing of thinning e n w  and o p ~ m d  alo&~on age. For 
example, soil expectation values can range from $2.03/me on site index 50 to $32.55/cae on 
site index 80 or a diffe~nce of about 1503 percent when using cable-log&ng eechnology. By 
contrast, soil expectation values range from $30.8B/aicre to $32.55/acae: when using the 
Clearwater and John Deem 540B on site index 80, or a &fference of a b u t  8 pacent, The 
effect of logging technology on soif expectration is more pronouncd an l p m r  sites (53 
percentage difference) &an on g d  sites (8 pxenage).  SEV was imnaxidM using the $ o h  
Deere 540B on all sites. 

The objective of this paper was to demonstsdte the interaebve impxts of site md stand 
a ~ b u t e s  and logging aechnology on the way a stand is nanaged. We did that for two 
logging technologies andl five site indexes with a fixed set of deliver& pslices to a sawnaill. 
Although the tinring of &inning entry and oprimd m~tj,on ages we specific to the values and 
stands used in this evaluation, the results do show the ' ce of considering site and 
s m d  attributes during planning of stand management scenarios. 

"Fhe results for timing of thinning entry md optimal r o ~ ~ o n  age will change with other site 
indexes, species composition md mix, logang txhnology, and deIived prices, H~wever, 
rhe impact of site md stand a ~ b u t e s  on s m d  msnrlagememt still ~lpeminm signiifncant Other 
s m n ~ o s  could be evaluated by making &fiond sirnulatjiom mas. 
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