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ABSTRACT 

The optimal level o f  expenditure to c o n t r o l  
damage to commercial t i m b e r  s t a n d s  by the southern 
pine b e e t l e  (SPB) was determined by models t h a t  sirnu- 
l a t e d  and analyzed SPE a t t acks  d u r i n g  a t y p i c a l  season 
f o r  I t  Southern S t a t e s ,  The optimal level was def ined 
as  t h a t  w h i c h  maximized t h e  dollar v a l u e  s f  timber 
saved mf nus the cost o f  control (4 ,e , ,  maximized net 
b e n e f i t s ) ,  Real discount r a t e s  o f  4 and I@ percent 
were used ,  A t  4 percent, max im ized  net benefits f o r  
t h e  e n t i r e  Southern reg ion  a r e  estimated a t  about $50 
million, or  a benefid/cosl r a t i o  o f  6,22; a t  10 per- 
cent, more t h a n  $30 million, or a bene f id / cos t  r a t i o  

o f  5-93, Alabama, Nor th  Carolina, and Texas wa r r an t  
t h e  largest control  programs; Georgia, Louisiana, 
South Carolina, and Mississippi, moderate programs, 
V i r g i n i a ,  Tennessee, Arkansas,  and Oklahoma j u s t i f y  
small control  programs, Methods and costs f o r  betec- 
LJon, evaluation, and suppression o f  SPB Znfeslations 
are d i  scusseb, 

Keywords: Dendroctsnus f r o n t a l i s ,  CLEMBEETLE,  
OVERFLIGHT, BEAM, cut and leave, cut and s a lvage ,  

T h i s  study was conducted to a s s i s t  
S t a t e  & P r i v a t e  Forestry and various 
Sta te  f o r e s t r y  agencies i n  t h e  p l a n n i n g  
and implementat ion o f  more e f f i c i e n t  
southern p i n e  beetle ( S P B )  cont ro l  a c t i v -  
i t i e s ,  The purpose was to d e t e r n i n e  the 
most econsmi cal ly e f f i c i en t  (opt imum) 
l e v e l  of expend i tu re  t o  control  SPB 
ddmaye t o  commercial t imber  s t ands  i n  
Alabama, Arkansas, Geory i a ,  Loui  s i  and, 
M i  s s i  ssi ppi , North  C a r d  i na, O k l  ahorna, 
South Cars1 i na, Tennessee, Texas, and 
V i r g i n i a .  The bas ic  geographic u n i t s  o f  
a n a l y s i s  were %6,141 Forest Inventow 
and Ana lys is  ( F I A )  survey p l o t s  Icacated 
w i t h i n  the study area, Each p l o t  rep re -  
sented about 4,500 acres o f  a p a r t i c u l a r  
f o r e s t  s t a n d l s i t e  cond i t i on ,  These sur-  
vey da ta  were ob ta ined  from bo th  t h e  
Southeastern and t h e  Southern Fores t  
Experiment S ta t ions ,  The Pi  nat r e s u l t s  
o f  t h e  economic a n a l y s i s  were summarized 
and repo r ted  by S ta te  and by t h e  
f o l l o w i n g  l and  ownership c lasses:  
Federal , State,  f o r e s t  i n d u s t r y ,  and 
n o n i n d u s t r i a l  p r i v a t e  (NIPF) . 

The t h r e e  major  components o f  t h e  
a n a l y t i c a l  system used were t h e  
CLEMBEETLE s t o c h a s t i c  simul a t i s n  model , 
t h e  Bee t l e  Economic Aaalys i  s  Mode7 
(BEAM), and t he  OVERFLIGHT simul a t  i o n  
model, CLEMBEETLE i s  w r i t t e n  i n  IBM- 
FORTRAN 77 and was developed by Roy 
Hedden, BEAM i s  programmed w i t h i n  t h e  
S t d t i s t i c a l  Analys is  System (SAS)  t o  run 
on dn XBM computer; OVERFLIGHT i s  w r i t -  
t e n  i n  BASIC t o  run  on an Apple I I e  
microco~nputer.  The l a t t e r  two programs 
were developed by 3,E, de Ste iguer ,  

Us ing FIA survey p l o t  data ,  
CLEMBEETLE s imulated SPB i n f e s t d t i o n s  

and the volume oh t imbe r  l o s t  to SPB f o r  
a single day o f  infestation growth, T h e  
OVERFLIGHT model cal cul a t ed  t h e  t o t a l  
number s f  days t h a t  SPB i n f e s t a t i o n s  
would yrcw du r i ng  t h e  course of' a s i n g l e  
SPB season i f  ( I )  no be tecd ion  takes 
place (i . e m ,  w i t h o u t  c o n t r o l )  and ( 2 )  
various levels s f  detection are under-  
t a k e n  ( L e e ,  w i t h  c o n t r o l ) ,  Wi th in  
BEAH, t h e  sirnul a t i o n s  generated by 
CLEMBEETLE and OVERFLIGHT were combined 
w i t h  d a t a  from t h e  S t a t e  fores t ry  pest 
c o n t r o l  o f f i c e r s  and o the r  sources can- 
ce rn ing  c o n t r o l  pkac t i ces  and costs ,  
s a l v a g e  r a t e s ,  and stumpage p r i c e s  t o  
o b t a i n  e s t i m a t e s  o f  the b e n e f i t s  and 
c o s t s  a t  t h e  var ious  l e v e l s  s f  c o n t r o l ,  
REAM se lec ted  t h e  optimum l e v e l  o f  
cont ro l  f o r  each survey p l o t ,  and these 
opt ima were summed and c l a s s i f i e d  
according Lo %ate  and ownership c lass ,  
The o ~ t i m u m  l e v e l  o f  c o n t r o l  was de f i ned  
a s  t h a t  l r~h ich maximized " c h e  value o f  
t imbe r  saved l ess  t h e  cos t  o f  sav ing t h e  
t imber ,  

Procedures 

Economi c Model 

TDe opt imal  l e v e l  o f  SPB m n t r u l  
was de f i ned  as t h a t  which maximized ne t  
b e n e f i t s ,  Net b e n e f i t s  were de f i ned  as 
t h e  present  value o f  t imber  losses 
aver ted  due t o  c o n t r o l  minus t h e  cos t  o f  
c o n t r o l .  The ana l ys i s  s imulated SPB 
darnaye t h a t  could be expected w i t h  and 
w i t h o u t  c o n t r o l  du r i ny  a s i n g l e  year,  
g iven  a t y p i c a l  l e v e l  o f  SPB populat ion.  
T h i s  t y p i c a l  l e v e l  o f  SPB popu la t i on  was 
based on average b e e t l e  popu la t ions  over  
t h e  p a s t  10 years,  



The bas ic  geographic u n i t s  o f  a n a l -  
y s i s  were 16,141 FZA survey p l o t s ,  each 
o f  which represented about 4,500 acres 
o f  a p a r t i c u l a r  forest s t a n d f s i t e  con- 
d i t i o n ,  Each p l o t  was t reated as an 
i ndependent f o r e s t  management u n i t  , 
Plots  could he aggrega ted  t o  mu1 ticounty 
areas ca l l ed  Survey U n i t s ,  and Survey 
U n i t s  could be aggregated ts Sta te  
levels, The f o r e s t  owners were assumed 
t o  be p r o f  i t-maximi z i  ng producers o f  
pulpwood and sawt imber  who d i d  not  con- 
s i d e r  the amenity values o f  t h e  f o r e s t  
when making pest  management dec js ions,  
A t o n i s t i e  compe t i t i on  was assumed so 
t h a t  t h e  ac t i ons  o f  any s i n g l e  producer 
woul d  no t  i n f l  uence market ou tpu t  o r  
p r i ces ,  A l  so, f o r e s t  managers were 
assumed t o  have p e r f e c t  knowledge 
regard ing  f u t u r e  t imber  markets, p r i ces ,  
and t h e  consequences o f  t h e i P  pest man- 
agement s t r a teg ies ,  

Tirtlber losses due t o  SPB were 
t r e a t e d  as smal l ,  i s o l a t e d  openings i n  
t h e  e x i s t i n g  f o r e s t  stand which had no 
e f f e c t  on f u t u r e  stand r o t a t i o n  sched- 
u l e  o r  on annual management cos ts  asso- 
c i a t e d  w i t h  t h e  c u r r e n t  stand, Fu r the r -  
more, t imbe r  losses were not  compensated 
by increased growth i n  t h e  res idua l  
stand, A l l  pest  management cos ts  were 
t r e a t e d  as v a r i  ahle, 

Wi th  these q u a l i f i c a l i o n s  and 
assumptions, i t  i s  now poss ih l e  ta 
d e r i v e  a general s o l ~ l t i o n  f o r  t h e  o p t i -  
mal l e v e l  o f  SPR c o n t r o l  expenditure.  
The general  s o l u t i o n  w i  11 then serve as 
a has i  s  f o r  p resen t i ng  t h e  REAP1 model, 
F i r s t ,  cons ider  a f o r e s t  stand ( F I A  slrr- 
vey p l o t )  which i s  c t r r r e n t l y  "nu years 
o f  age  and i s  a t tacked  by SPB, I f  no 
a c t i o n  i s  taken t o  c o n t r o l  davage, t h e  
okdQer expects t o  l o s e  a volune o f  t i n h e r  
equal t o  Q,. T h i s  volume (0,) repre-  
sents  t h e  t o t a l  amount o f  t imber  which 
w i l l  be l o s t  t o  SPB, and cons i s t s  o f  t h e  
c u r r e n t l y  s tanding volume p lus  t h e  
growth %ha& would have been added by t h e  
a n t i c i p a t e d  year  o f  harves t  ( T f ,  The 
present  value o f  losses w i t hou t  c o n t r o l  
(Lo) i s :  

where: 

P = stumpage p r i c e  a t  harves t  
i = d iscount  rate 

I f ,  instead, same type  o f  SPB 
con t ra1  i s  elected,  the owner will lose 
some l e s s e r  volume of wood (Ow), hut 
will a l s o  i n c u r  a control cos t  ( C ) ,  The 
v a l u e  o f  losses w i t h  c o n t r o l  (L,) may he 
w r i t t e n  as follows: 

The net  b e n e f i t s  ( N R )  o f  c o n t r o l  
a r e  f o ~ i n d  by dedl lct i r lg equa t ion  ( 2 )  f rom 
e q i ~ a t i o n  (1) w i t h  t h e  f o l l o w i n g  r e s u l t :  

The f o r e s t  owner w i l l  undertake SPB 
c o n t r o l  as l o n g  as t h e  net  b e n e f i t s  o f  
c o n t r o l  a re  p o s i t i v e ,  10 o t h e r  words, 
c o n t r o l  i s  d e s i r a b l e  i f  t h e  present  
va lve  o f  t imber  losses aver ted  ( b e n e f i t s )  
exceed t h e  cos t  o f  c o n t r o l ,  However, 
t h e  problem f a c i n g  t h e  landowner may be 
more complex than s imply  dec id i ng  be- 
tween t h e  op t i ons  o f  c o n t r o l  VS, no 
c o n t r o l .  Ins tead,  t h e  owner may have t o  
choose t h e  most app rop r i a te  l e v e l  o f  
c o n t r o l .  I f  we assume t h a t  by expending 
more c o n t r o l  d o l l a r s  more t imbe r  can be 
saved, and t h a t  C = f(O,), then i t  i s  
p o s s i b l e  t o  d e r i v e  a  t h e o r e t i c a l  so lu -  
t i o n  f o r  t h e  opt imal  l e v e l  o f  SPB 
c o n t r o l .  I f  equat ion ( 3 )  i s  cont inuous 
and d i f f e r e n t i a b l e ,  and i t s  shape i s  
concave, f i  r s t  i nc reas ing  w i t h  o i ~ t p u t  
and then decreasing, t h e  maxinc~m 
(op t ima l )  l e v e l  o f  net  b e n e f i t s  i s  fotrnd 
where t h e  f i r s t  d e r i v a t i v e  o f  NR w i t h  
respect  t o  0 ,  i s  eq t~a l  t o  zero. Thus, 
from eqtration ( 3 )  t h e  op t ima l  s o l l l t i o n  
i s: 

Equat ion ( 4 )  can be rearranged t o  
demonstrate t h a t  a t  optimum, marginal  
b e n e f i t s  w i l l  equal marginal  costs :  

The f o r e g o i n g  general s o l u t i o n  t o  
t h e  problc.13 o f  optimal SPB c o n t r d  



served as the kasis f o r  t h e  WE414 model, 
However, f o r  REAF?, t h e  bass"& modemwas 
s u b s t a n t i a l  l y  expanded t o  include f a c -  
t o r s  such as sa lvage  valtjes and t h e  
va r i ous  components o f  control  cos t ,  
Also, t h e  optimal so lu t ions  were derived 
through i t e r a t i v e  s imu la t i ons  because 
the damage and c o n t r o l  p r o d u c t i o n  f~ rnc -  
L i o n s  could nod be expessed i n  con- 
t i  nuous Forq, 

"T understand REAFG i t  fs necessary 
t o  understand t h e  s t e p s  i nvo l ved  i n  t h e  
c o n t r o l  o f  SPR outbreaks, SPR control  
c o n s i s t s  o f  t h ree  steps: ( 1 )  d P t e c t i o o ,  
( 2 )  eva lua t i on ,  and ( 3 )  suppress ion.  
De tec t i on  i s  t y p i c a l l y  conducted f r o m  
a i r c r a f t ,  I n  t h e  ja rgon  of SPB c o n t r o l ,  
such d e t e c t i o n  a c t i v i t i e s  a r e  r e f e r r e d  
t o  as "p res~ lppress ion  f l  i ghts ." Once 
i n f e s t a t i o n s  have keen detected they 
must then  be evaluated, E v a l u a t i o n  i s  
t h e  on--themground inspect. ion of each 
i n f e s t a t i o n  t o  de te rn ine  i t s  e x d ~ n t .  and 
csndi  t i on, Eva1 r j a t i  on may be f o l  1 ~ w s d  
by stappression, which is the step where 
a c t i o n  i s  taken t o  h a l t  t h e  spread o f  
t h e  i n f e s t a t i o n ,  The most common 
c u r r e n t  methods o f  suppression, 
accord ing  t o  S ta te  f o r e s t  pest  c o n t r o l  
o f f i c e r s ,  a re  c u t  and salvage, and cu t  
and leave, Both techniques i n v o l v e  
c u t t i n g  a  b u f f e r  s t r i p  a ro i~nd  t h e  
advancing head o f  t h e  i n f e s t a t i o n ,  With 
t h e  former method, t h e  cu t  t imhe r  i s  
salvage f o r  sale,  whereas w i t h  t h e  
l a t t e r ,  t h e  t imher  i s  s imply l e f t  on t h e  
ground, Detect  i o n  and eval  ua t  i o n  
r e q u i r 2  cash ou t lays ,  hence a re  r e f e r r e d  
t o  as d i r e c t  cos ts  i n  t h i s  stlrdy, Sup- 
p ress ion  i nvo l ves  both d i  r e c t  and i n -  
d i r e c t  costs,  D i r e c t  cos ts  are those 
f o r  t r e e  f e l l i n g  i n  t h e  case o f  t h e  cu t -  
a n d 4  eave method, h d i  r e c t  cos ts  r e s u l t  
f rom ha rves t i ng  t h e  F i n a n c i a l l y  immature 
t imhe r  t h a t  O C C I J ~ ~  PS t h e  h i l f f e r  s t r i p ,  

The i n t e n s i t y  o f  c o n t r o l  was de te r -  
m i  ned by t h e  frequency o f  p r ~ s t ~ p p r e s s i  nn 
f l i g h t s .  td i th i nc reas ing  nrrmbers o f  
de tec t  i o n  f l  i g h l s ,  t imher  l osse r  were 
rarlirced because i n f e s t a t i o n 5  had fewer 
days t o  spread be fo re  eval  l ~ a t  i n~ and 
suppression Look p l  ace, Th is  concept 
w i l l  be discussed l a t e r  i n  g re8 te r  
d e t a i l ,  Here, however, i t  i s  impor tan t  

d o  realize t h a t  the intensity of control  
o r  the lack o f  condro1 was ref1ec"cerl i n  
t h e  number o f  days an i n f e s t a t i o n  w6s 
allowed t o  spread, T r s  REAIPI, i t  was 
assumed t h a t  a7 7 i n f e s t a t i o n s ,  once- 
detected, were evaluated and suppressed, 
and t h a t  a l l  suppress ion a c t i v i T i e s  were 
conpetely effect ive  i n  s t o p p i n g  the 
spread o f  i n f e s t a t i o n s ,  

From CLEPBBEETLE , REAP4 o h t a i  necf 
sinul  a t e d  estimates o f  the  vol ume o f  
timber t h a t  woultd be l o s t  t o  SPR pe r  day 
o f  i n f e s t d i o n  growth, per a c r e  o f  
f o r e s t  type, These CLEMBEETLE e s t i m a t e s  
may be expressed as V+G, where V i s  t h e  
volume o f  c u r r e n t l y  s d a ~ d i n g  timber l a s t  
and G 7's t h e  growth "cad wo~nld have 
occur red  had t h e  s tand  reached some 
assumed r o t a t i o n  age, For  t h e  w i t hou t -  
c o n t r o l  s f  t u a t i o n  (Lo) , t h e  present 
val ue o f  t imber  l ost , 1  ess sa lvage  
va lue,  was c a l c u l a t e d  as follows: 

where: 

Do = days o f  i n f e s t a t i o n  growth 
w i t hou t  c o n t r o l  

P = cu r ren t  t imber  stumpage p r i c e s  
r = annual r ea l  r a t e  o f  stumpage 

p r i c e  increase 
i = rea l  d iscoun t  r a t e  
T = assumed r o t a t i o n  age 
n  = c u r r e n t  stand age 
a  = f r a c t i o n  o f  dead t imber  

sa l  vaged 
b = dead t imber  p r i c e  as a f r a c -  

t i o n  o f  green t imber  p r i c e  
A = t o t a l  acres o f  f o r e s t  t ype  
W = f r a c t i o n  o f  Survey U n i t  i n  SPR 

outbreak c o n d i t i o n  

For t he  w i t h - con t ro l  s i  t r ra t ions  
( L , )  , t h e  present va l  ue o f  t imher  l o s t ,  
l e s s  salvage va lue p l us  c o n t r o l  costs ,  
was ca l cu la ted  as f o l l ows :  



where : 

Dk = days o f  i n f e s t a t i o n  growth 
w i t h  var ious  1  eve1 s o f  c o n t r o l  

F = d i r e c t  cos t  o f  p r e s u p p r e s s i ~ n  
f l  l "gkts  

E = d i r e c t  cos t  s f  eva lua t i on  
fn - di rec t  cost  of suppression 
SH = i n d i r e c t  c o s t  o f  suppression 

The values o f  t h e  var ious  c o n t r o l  
cos t  e l  ements were cal  cut a ted  as 
f o l  1 ows : 

F = number o f  f l i g h t s  
x cos t  per acre o f  P l y i n g  
x t o t a l  (8) 

E = number o f  i n f e s t a t i o n s  
x f r a c t i o n  o f  i n f e s t a t i o n s  

c o n t r o l  l ed  
x cost  o f  v i s i t i n g  an 
i n f e s t a t i o n  ( 9 )  

SD = b u f f e r  s t r i p  s i z e  (ac res)  
x f r a c t i o n  o f  acres sub jec t  

t o  cut -and- l  eave t r e e  
f e l l  i n g  

x cos t  per acre of t r e e  
f e l l  i n g  (10) 

SE = b u f f e r  s t r i p  s i z e  (ac res)  
x present va l  ue lac re  o f  b u f f e r  

s t r i p  t imber  
- cu r ren t  salvage value o f  

b u f f e r  s t r i p  t imber  (11) 

The net  b e n e f i t s  (MB) o f  c o n t r o l  
were c a l  c u l  a ted by sub t raeL i  ng equat ion 
( 7 )  from equat ion ( 6 ) .  The r e s u l t ,  
which represents  t h e  present  value o f  
losses aver ted  minus t h e  change i n  
s a l v a g e  va lue  minus t h e  cost  o f  c o n t r o l  , 
.is:  

I n  the  analysis, e i g h t  pre- 
suppress ion  f l i g h t s  were s imulated f o r  
each FZA su rvey  p l o t ,  Th is ,  i n  turn, 
generated e i g h t  values f o r  t h e  v a r i a h l  e 
Ow. The v a l u e  o f  equation (12) was 
cal cu9 a t e d  e i  g h t  separa te  t i m e s ,  once 
f o r  each va lue  o f  Ow. From these e igh t  

o p t i o n a l  level s o f  c o n t r o l  , t h e  one t h a t  
y i e l d e d  the  maximum net b e n e f i t s  was 
selected as the optimum, prov ided t h a t  
t h i s  maximum value was p o s i t i v e .  F i gu re  
1 i l l u s t r a t e s  t he  b e n e f i t s  and costs  f o r  
a t yp i ca l  F I A  survey p l o t ,  The optimal 
so lu t ions  for  %he i n d i v i d u a l  p lo t s  w r e  
sumaed f o r  the  States by Forest owner- 
sh ip  classes, 

VOLUME OF TIMBER LOSSES AVERTED 

Figure  1,--Benefits and cos ts  o f  SPB 
c o n t r o l ,  Optimal volume o f  t i m b e r  saved 
f r o m  the  h e d e  ( Q f  i s  Found where net 
b e n e f i t s  a r e  maximized ( M R ) ,  T h i s  i s  
t h e  p o i n t  o f  greatest  d i s t a n c e  between 
t o t a l  b e n e f i t s  (8) and t o t a l  costs (C). 

Following i s  a d e s c r i p t i o n  o f  the 
d a t a  used i n  the  study, Real d i s c o u n t  
r a t e s  o f  4 and 10 percent were used d o  
p rov ide  a sensitivity analysis, The 
real annual rates o f  stumpage price 
increase fo r  pulpwood and sawtimber 
were, respect i v e i  y , 1 and 2,5 percent ,  
The casts per acre s f  d e t e c t i o n  f l i g h t s  



and cut-and-1 eave l a n d  cf  ear3 ng were, 
r e s p e c t i v e l y ,  2 cents and $500, prov ided  
by S t a t e  & P r i v a t e  Fo res t r y  (S&PF)  per- 
sonnel, T h e  s tand  r o t a t i o n  ages, 
ob ta ined  f r o m  S t a t e  f o r e s t r y  pes t  
c o n t r o l  o f f i c e r s ,  were 60 y e a r s  f o r  
Federa l  f o r e s t  lands, 45 f o r  State-owned 
1 ands, 35 For f o r e s t  i n d u s t r y  Sands, and 
45 f o r  NIPF l a n d s ,  The current s t a n d  
ages and t h e  t o t a l  ac res  o f  f o r e s t  t y p e  
were ob ta ined  f rom FIX d a t a ,  The Frac-  
t i o n  o f  t h e  Survey U n i t s  i n  an SPB 
outbreak c o n d i t i o n  ( f i g .  2)  r e p r e s e n t s  
the p o r t i o n  o f  t h e  area,  based on d a t a  
f o r  the past 10 years,  which has had SPB 

The rema in ing  d a t a  used i n  t h e  
s t u d y  are shown i n  t a b l e  1. These 
i ncl ude  stumpage p r i c e s ,  sa l vage  ra tes ,  
dead t i m b e r  p r i c e  f r a c t i o n s ,  f r a c t i o n  o f  
b u f f e r  s t r i p  t o  which c u t  and leave was 
applied, and t h e  cos t  o f  evaf u a t i n g  
i n f e s t a t i o n s ,  Stumpaqe p r i c e s  were 
ob ta i n@d from Timber  Mart--5out4, fnc,,  
and represented average p r i c e s  far  the 
p a s t  10 y e a r s  s t a t e d  i n  cons tan t  1984 
do1 lars .  S a l v a g e  r a t e s  were assirmed t o  
be 50 percent Psr t he  w i t h o u t - c o n t r o l  
s i t u a t i o n  based on the a d v i c e  o f  S&PF 
personnel ,  

Survey 
U n i t  

F i g u r e  2.--Yap o f  Survey U n i t s  i n  t he  S t a t e s  surveyed, and t h e  f r a c t i o n s  
o f  these S i ~ r v e y  U n i t s  i n  outhreak c o n d i t i o n  during the l a s t  10 years. 



Table  1.--Stumpage prices, t imber  sa lvage  r a t e s ,  and control costs,  by S ta te  

Sawtimber Pulpwood F r a c t i o n  o f  Fraction o f  Fraction Fract ion Cost o f  
p r i i e s  prices dead timber green price o f  infes- o f  infes- e v a l u a t i n g  

per fbm, per cord, sa lvaged  f o r  dead t a t i o n  c u t  t a t i o n  cu t  i n f e s -  
StaW 11984 I r3R4 timber R s a l v a g e d  R le f t  t a t i o n s  

. . . Dollars . . . 

Table 2,--New SPR i n f e s t a t i o n  occurrence 
as a  percentage o f  t o t a l  annual new 
i n f e s t a t i o n s ,  by month and reg ion  Days o f  I n f e s t a t i o n  Growth --- -- 

Piedmont I& 
Month Gul f a  ~ o u n t a i  n "  

. . . Percent . . . 
January 0 0 
February 2 0 
March 3 1 
Ap r i  l 13 1 
Hay 14 10 
June 17  1 7  
J u l y  25 20 
August 13 25 
September 7 17 
October 3 6 
November 3 3 
December 0 0 

Annual t s t a l  100 100 - 

a A l  abama , Arkansas,  Loui s i  ana, 
M i s s i s s i p p i ,  Oklahoma, Texas, 

'6eorgia,  North Carol i n a ,  South 
Carol i na , Tennessee, V i  rgi n i  a, 

W i t h i n  t h e  BEAM model, t h e  i n ten -  
s i t y  o f  SPB c o n t r o l  o r  l a c k  o f  c o n t r o l  
was determined by t h e  frequency o f  pre-  
suppression f l  i g h t s ,  which were simu- 
l a t e d  du r i ng  t h e  SPB season, The t o t a l  
number o f  days t h a t  an i n f e s t a t i o n  was 
a l lowed t o  grow, and thus t h e  volume o f  
t imbe r  l o s t ,  decreased as t h e  number o f  
d e t e c t i o n  f l i g h t s  increased. The number 
o f  days o f  i n f e s t a t i o n  growth was ca lcu-  
1  a ted by t h e  OVERFLIGHT model , 

The OVERFLIGHT model used data 
ob ta ined  from Sta te  f o r e s t r y  pest  
c o n t r o l  personnel concern ing t h e  re f  a- 
t i v e  Frequency of,new i n f e s t a t i o n  
occurrence, by reg ion and month, du r i ng  
a t y p i c a l  SPR* seqson ( t a b l e  2). The 
average number of days o f  i n f e s t a t i o n  
growth f o r  the wi thou t - con t ro l  s i t u a t i o n  
was calculated by multiplying the monthly 
re lat ive Prequen~y o f  new i n f e s t a t i o n  
occurrence by t h e  number o f  days remain- 
i n g  i n  t h e  SPB season, These products  
were summed $0 o b t a i n  t h e  weighted  
average number OF days o f  growth f o r  an 
i n f e s t a t i o n ,  Far each o f  the e i g h t  
1 eve1 s o f  p ~ e s u p p r e s s i o n  f l  i g h t s ,  t h e  



flights were placed w i t h i n  the season to 
min imize  t h e  number of days o f  infesdae 
t j o n  growth, The monthly r e l a t i v e  f r e -  
quencies were multiplied by the number 
o f  days befo re  t h e  next presuppression 
P I  i g h t  would oecrir, and summed f o r  the 
season, Also, an additional 30 days was 
allowed i n  the calculations t o  account 
f o r  a l a g  between detection and 
suppression, T h e  r e s u l t i n g  average 
nrrmher o f  days o f  infestation growth f o r  
the without-contml and t h e  e igh t  w i t h -  
c o n t r o l  s i t u a t  i ans a re  presented , by 
region,  i n  t a b l e  3 ,  

T a b l e  3.--Average days o f  growth f o r  SPB 
i n f e s t a t i o n s  assuming v a r i o u s  numbers o f  
presuppress ion f l i g h t s  per  season and 
allowing 30 days between d e t e c t i o n  and 
suppression implementat ion, by r e g i o n  

No, of' Pfednrond R 
f'I i g h t s  Gulf a ~ o u n t m  i n "  

"A1 abama, Arkansas, E s u i  s i a n a ,  
M i s s i s s i p p i ,  Oklahoma, Texas, 

b ~ e o r g i a ,  North Carol i n a ,  South  
Carolina, Tennessee, V i r g i n i a ,  

Simulation s f  Volume Loss 

Voluine loss due  do  SPB a t t a c k  was 
generated by us ing  a modification o f  the 
CLEMBEETLE program. 1 9 2  Vol ume loss con- 
s i f ted  o f  trees aetually k i l l e d  by SPB 
as well as growth loss due  t o  premature 
death  o f  t h e  t r ee ,  Rased on average 
beetle p o p u l a t i o n s  from 1971 t o  1980, 
losses were generated f o r  t h ree  popu la-  
tion I e v e k  by the number o f  s p o t s  per 
1,000 acres o f  p i  ne and p i  ne-hardwood : 

low--0,s spots,  moderate--2,O spo ts ,  
high--5,O spots ,  For each p o p u l a t i o n  
level ,  the s-r"rnulation o f  loss c o n s i s t e d  
of  t h e  following s teps :  

I, Cal crrl a t e  the probahi  1 i t y  o f  an 
i n f e s t a t i o n  o c c u r r i n g  per ac re  
(PR09), 

2, Generate the number s f  a c t i v e  
t r e e s  ( A T ' ) *  

3, Calculate the  probability o f  a 
spo t  be ing  i n a c t i v e  a t  detec- 
t i o n  (PROBI ) ,  

4, Tes t  to see i f  t h e  spot  i s  
i n a c t i v e ,  

5,  i f  the spot  is i nac t ive  a t  
y round check, cal cul a t e  t h e  
number o f  dead t r e e s  (DEBDU, 

6, I f  the spot  i s  a c t i v e ,  calcu-  
l a t e  the number sf t r e e s  killed 
p e r  day (TKD),  

7 ,  Calcu l a t e  the  number of t rees  
killed i n  an ac t ive  s p o t :  

DEADA = (PKD x DAYS) + A%, 

8, C a l c u l d t e  the expected number 
o f  trees killed (ELOSS): 

a ,  Inactive s p o t s :  
ELOSS = PROB x DEAnI, and 

h ,  A c t i v e  spots :  
ELOSS = PROR x DEADA, 

These s teps were repeated 15Q t i m e s  
f o r  each F I A  survey p l o t  t h a t  contained 
f o r e s t  types susceptible t o  SPR a t t a c k ,  
The sum o f  t h e  E L O S S k  was d i v i d e d  by 
150 to o b t a i n  the average expected 
number s f  t r e e s  killed, 

'~edden, R , L ,  Impact sub-models f a r  a southern p l n e  
beetle pest management program--Phase I ,  Unpublished 
progress repo r t  do the USOA Forest  Service,  IPM 
Program For Bark Beetles o f  Southern Pfnes, New 
Orleans, LA, 1982, 40 pp, 

'~edden, R - 1 ,  Impact sub-models f a r  a southern p ine 
beetle pest management program--Phase I ,  Unpublished 
f i n a l  repor t  t o  t he  USDA Forest Serv ice ,  IPM Program 
fo r  Bark Beetles o f  Southern Pines, New Orleans, LA, 
1983, 31 pp, 



Separate model s  f o r  probabi l i t y  o f  
i n f e s t a t i o n  were used f o r  t h e  Mountain, 
Piedmont , and Coastal  Pl a i  n regions, 
Models compatible w i t h  H A  survey da ta  
were developed f o r  each region f r om s i t e  
and  stand d a t a  eol lected d u r i n g  t he  
expanded Southern P i  ng Research and 
Appl i c a t i o n s  Program. I n  each reg ion  
the probability o f  infestation v a r i e s  by 
f o r e s t  t ype  and the SPB popula t ion  
l e v e l ,  Other va r i ab les  used were: 

Mountai n Piedmont Coastal  P l a i n  

1) P ropo r t i on  1) Slope 1) Land form 
o f  p i ne  ( s l ope )  

2 )  S i t e  2)  Basa7 area 
i ndex per  ac re  

3 )  Stand 3)  P ropo r t i on  
o r i g i n  o f  p i ne  

4 )  Age 

The number o f  a c t i v e  t r e e s  was a 
f u n c t i o n  o f  t h e  number s f  t r e e s  per  acre 
( I P A ) ,  w i t h  dense s tands  having a 
g rea te r  number o f  a c t i v e  t r e e s  than d i d  
l ess  dense stands, Ac t i ve  t r e e s  were 
generated from an exponent i a l  d i  s t  r i  bu- 
t i o n  w i t h  an expected value o f  0,15 x 
TPA. I n  a d d i t i o n ,  no t  a l  l spots w i  ll be 
a c t i v e  ( c o n t a i n  & tack ing  a d u l t  bee t les  
o r  develop ing broods) a t  t h e  t ime  o f  
de tec t ion ,  I n  these spots, t h e  average 
number o f  dead t r e e s  was generated from 
an exponent ia l  d i s t r i b u t i o n  w i t h  an 
expected va lue o f  1 t ree .  I n  a c t i v e  
spots,  t h e  number o f  t r e e s  k i l l e d  was a  
f u n c t i o n  o f  t h e  number o f  a c t i v e  t r ees ,  
SPB popu la t i on  l e v e l ,  t o t a l  basal area 
per  acre, mean stand diameter,  and 
number o f  days a spot remains ac t i ve ,  
The expected number o f  t r ees  k i l l e d  per  
acre was t h e  product  o f  t h e  p r o b a b i l i t y  
o f  i n f e s t a t i o n  and t h e  number o f  dead 
t rees ,  

The expected vol  ume per acre k i  1 l ed 
by SPB i s  obtal"ned by mu1t ip lys"ng ELOSS 

by the average pine volume per t ree f o r  
each survey p l a t ,  The average p ine  
volume per  t r e e  i s  der ived  From the  
t o t a l  p ine  volume per p l o t  and the 
number o f  pine growing-stock trees per 
p l o t .  For t h e  a rea  covered by t h e  
Southeastern Forest Experiment S t a t i o n ,  
the number oP growing-s tock t r e e s  per 
acre  was derived from the t o t a l  number 
o f  1 i v e  stems per acre, age, and basal 
a r e a  per acre, Survey d a t a  f o r  t he  
Southern Farest Experiment S t a t i o n  d i d  
no t  i nc l ude  the  number o f  l i v e  stems per  
acre; therefore, trees per acre were 
estimated by f o r e s t  type, age, and 
observed basa l  area per  acre, 

Po determine t h e  re f  i a b i l i t y  o f  t h e  
results o f  t h e  s imu l  a t i o n  procedure, 
ac tua l  p u b l i s t e d  data on t h e  volume 
k i l l e d  by SPB were compared f o r  t he  
Southern region. Da ta  f o r  t h e  decade 
1971 t o  1380 were used i n  t h e  analys is ,  
For each Survey U n i t ,  p red i c ted  l bsses 
f o r  t h e  moderate SPB papu ta t i on  l e v e l  
(2.0 spots per  1,000 ac res )  were 
m u l t i p l i e d  by t h e  p r o p o r t i o n  o f  t he  u n i t  
area i n  an outbreak c o n d i t i o n  i n  each 
year.  These ad jus ted  l o s s  est imates 
were summed t o  o b t a i n  t o t a l  decade 
losses by Survey Un i t .  The un i tw ide  
losses were then aggregabd t o  ob ta i n  
S ta te  and reg ion  t o t a l s ,  

I n  o rder  t o  o b t a i n  t h e  l o s s  p ro jec -  
t i o n s ,  an es t imate  o f  t h e  average number 
o f  days a spot i s  a l lowed t o  grow i s  
needed. Dur ing outbreak per iods,  most 
States make t h r e e  t o  f o u r  d e t e c t i o n  
f l i g h t s  per year. Assuming t h e  f l i g h t s  
were o p t i m a l l y  t imed and t h a t  t h e  spots 
were e i t h e r  c o n t r o l l e d  o r  i n a c t i v e  
w i t h i n  30 days o f  de tec t i on ,  t h e  average 
i n t e r v a l  s f  spot  growth i s :  

Number o f  

 aster, 3,E, ; Searcy , J,L,, eds, Site,  s t a n d  and 
host characteristics o f  southern pine beetle I n fes ta -  
t ion ,  Tech, B u l l ,  1612, New Orleans, LA: USDA 
Combined forest Pest and Development Program; 1981, 
115 pp, 

4 ~ r i c e ,  e,; Dsggett ,  6, A A t  story sf southern plne 
bee t l e  outbreaks i n  the southeastern United States, 
Macon, GA: &osg ia  Forestry CsmZssian, 1982, 32 pp, 



Table 4,--Predicted average annual cub i c - f oo t  volume o f  t imber  k i  1 1  ed 
by SPR i n  10 Southern States 

Oays o f  spot Pred ic ted  volume D.i f f e rence  Percent 
g rowt h  k i l l e d a  between p red i c ted  e r r o r G  

( f t 3  x 106) and observed" 

Data f o r  Oklahoma no t  inc luded  because o f  ney l  i g i b l e  SPB a c t i v i t y ,  

aPred ic ted  volume k i l l e d  inc ludes  an average b u f f e r  s t r i p  volume o f  30 
percent  f o r  a71 salvaged spots, 

bobserved average annual volume k i  l led ,  i n c l u d i n g  b u f f e r  s t r i p  t r ees ,  
f o r  1971 and 1980 (see f oo tno te  4 )  i s  12,788 x 106 f t 3 ;  cords and fhm 
were conver ted t o  cub ic  f e e t  by us ing  f a c t o r s  o f  70 f t 3  per cord and 
210 f t 3  per  fbm, 

CPercent e r r o r  = ( p red i c ted  - observed) /pred ic ted.  

When these per iods  o f  spot growth were 
used t o  generate expected losses, t h e  
r e s u l t s  i n  t a b l e  4 were obtained, 

The r e s u l t s  i n d i c a t e  a  p o s i t i v e  
b i a s  i n  t h e  p r e d i c t i o n s ,  An average 
p e r i o d  o f  65 days between spot occur-  
rence and c o n t r o l  i s  probably  o p t i  - 
m i s t i c ,  Reported per iods  between 
d e t e c t i o n  and c o n t r o l  i n  east  Texas f o r  
1974 and 19755were 53 and 35 days, 
r espec t i ve l y .  nu r i ng  t h i s  per iod ,  t he  
Texas Forest  Serv ice  was P l y i n g  seven or 
more presuppression f l i g h t s  per year,  
which means t h a t  t h e  average pe r i od  of 
spot growth was between 66 and 84 days, 
I f  i t  i s  assumed t h a t  t he  average pe r i od  
a s p o t  grows is 75 days, then t h e  
r e s u l t s  i n  t a b l e  5 a re  obta ined f o r  each 
o f  t h e  S ta tes ,  

On a s ta tew ide  bas is ,  t h e  poorest 
p r e d i c t i o n s  were f o r  Arkansas and 
Tennessee, which are on t h e  extreme 

"fexas Forest Service, Texas forest pest activity 

no r the rn  ranges o f  t h e  SPB. Even 
i nc l  u d i  ng these States,  t h e  rank c o r r e -  
l a t i o n  between t h e  observed and pre-  
d i c t e d  volumes k i l l e d  i s  3,8 (Spearman8s 
rank c o r r e l a t i o n ,  s t a t i s t i c a l l y  s i g n i f i -  
can t  a t  t h e  99,5 percent  l e v e l ) ,  

There are many p o t e n t i d l  sources o f  
e r r o r  i n  t h i s  comparison o f  p red i c ted  
and observed volume k i  l l e d  by SPB, The 
da ta  f o r  observed volume k i l l e d  a re  
repor ted  by each State,  The degree of 
emphasis g iven t o  pest con&rol a c t i v i -  
t i e s ,  the l e v e l  o f  t h e  personnel 
invo lved ,  and t h e  methods o f  o h t a i n i n q  
repor ted  vol  ume k i  1 led vary great1 y e  
The data are adequa te  f o r  internal u s e  
by t h e  S t a t e s ,  h u t  they  may be l e s s  t3an 
s a t i s f a c t o r y  f o r  model val  i d a t i o n  pur-  
poses, Th is  s i t u a t i o n  i s  e s p e c i a l l y  
t r u e  f o r  t h e  volume k i  l l e d  bu t  not  
sa l  vaged. Furthermore, the convers i  nq  
f a c t o r s  used t o  o b t a i n  cub i c - f oo t  vo l  ume 
f rom cords and board- foot  measure ( fbm)  
can  a l so  be a source o f  b ias ,  

1974-1975 and f o r e s t  pest control sectfon biennial 
report, TFS c i r c a  226, GOI lege StatSon, TX; 1976, There i s  a l s o  potential e r r o r  ~ S S O -  
19 PP, ciated w i t h  t h e  method s f  d e t e r m i n i n g  



the buffer  s t r i p  volume f r om the  sirnula- since SPB populations are c y c l i c ,  
t i o n  results,  The S t a t e  pest cont ro l  whereas forest conditions are d-ynami- 
workers repor ted  t h a t  s f  t h e  t o t a l  
volume salvaged, an average o f  30 per-  
cent  c o n s i s t e d  o f  buffer  s t r i p  t r e e s ,  
T h i s  v a l u e ,  expressed as a proportion, 
was mu%-l;ipH i e d  by t he  repor ted  average 
proportion o f  the total voldme killed 
that was salvaged and by %he t o t a l  
volume killed i n  each S t a t e  to o b t a i n  
the  predicted volume o f  buffer  strdp 
trees,  Th is  volume was added t o  the 
predicted vol ume k i  1 1  ed to o b t a i  a t h e  
combined volume l o s t  due  to SPB a t t a c k ,  

T h e  FIA survey i s  a1 so a source o f  
potential e r ro r ,  T h e  d a t a  were eol -  
IecLed a t  a single p o i n t  i n  t ime and 
were used to generate predicted losses, 
which were compared w i t h  averaye observed 
losses over  a decade, Aggregate m u l t i -  
year  loss comparisons are necessary 

ca l  l y  changing; thus,  t h e  overai l 
susceptibi l ily and v u l  n e k a b i  1 i t y  s f  the 
forest to SPB a t t a c k  changes from year 
to year, Furthermore,  some modification 
o f  the simulation program was nece5sary 
to accommodate F I A  survey d a t a ,  These 
m o d i f i c a t i o n s  resulted i n  the use o f  
some submodel s w i t h  reduced predictive 
a b i  l i-ty, 

Las t ly ,  the survey d a t a  obta ined 
f r o m  t h e  Southern Forest Experiment 
S t a t i o n  i n d  uded age, expressed i n  10- 
yedr increments, bu t  d i d  no t  include 
i n f o r i na t i on  on the number 0%: t r ees  per 
a w e ,  Therefore,  t he  number of y row iny -  
stock trees had to be generated f rom 
o the r  survey p l o t  v a r i a b l e s ,  one o f  
which was age, T h i s  procedure was less 

Table 5,--Predicted and observed annual  c u b i c - f o a l  volume o f  t imbe r  
killed by SPB i f  t h e  average infestation grows f o r  75 days 

Pred ic ted  vol ume Observed v s l  ume Percent 
S t a t e a  k i l l e d "  kl" l l edc  e r r o r d  

a O k l  ahoma omi t ted  because o f  negligible SPB activity. 

'predicted volume killed includes an average b u f f e r  s t r i p  volume o f  30 
percent  o f  sal vaged spots,  

'Observed average annual  volume k i  11 ed, including b u f f e r  s t r i p  t r ees ,  
f o r  1971 to 1980 ( see  foo tno te  4 ) ;  cords and fbm were conver ted t o  
cub i c  f e e t  by us ing  f ac to r s  s f  70 f t 3  per cord and 290 f t 4  per fbm, 

"~ercent e r r o r  = (predicted - observed) /predicted. 



than  s a t i s f a c t o r y ,  as i s  r e f l e c t e d  i n  
t h e  s i m u l a t i o n  r e s u l t s  shown i n  Gable 6. 

where: 

These resu l  t s  are  a1 so ref1 ected i n  
the range o f  p r e d i c t i o n  e r r o r s  fo r  the 
S t a t e s  w i t h i n  each FPA survey region, 
For t h e  Southern S ta t i on ,  t h e  range was 
-181,66 t o  82,44 percent ,  w i t h  f i v e  o f  
t h e  s i x  States hav ing e r r o r s  greater 
t han  240 percent  f t a b l  e 51, For  t h e  
Southeastern S ta t i on ,  the range was 
-16,63 t o  37.56 percent ,  w i t h  t h ree  05 
f o u r  States hav ing p r e d i c t i o n  e r r o r s  
l e s s  than +21 percent  ( t a b l e  5), Fur ther -  
more, t h e  r e l a t i v e  rank  o f  S t a t e s  i n  the 
Southeastern S t a t i o n  reg ion  i s  the sane 
w i t h  regard t o  observed and p r e d i c t e d  
volumes k i l  led,  Based on these resul ts ,  
t h e  p r o j e c t i o n s  f o r  the States i n  the  
Southeastern S ta t  i o n  survey reg ion  must 
be cons idered more re1 i abf e ,  

I n  a d d i t i o n  t o  s i m u l a t i o n  o f  a c t u a l  
volume k i l l e d  by SPB, est imates o f  
growth loss due ts premature h a r v e s t  
(sa lvaged)  were a l s o  made, The f i r s t  
step i n  t h i s  process was the development 
o f  t o t a l  cub i c - f oo t  volume equations f o r  
each State  Prom F I B  survey d a t a ,  The  
f o r m  o f  equa t ion  was: 

v = t o t a l  cub ic - food  volume per 
ac re  

A = age i n  years  
SC = s i t e  class 
D = square f e e t  o f  basal  area per  

acre 

To o b t a i n  t h e  volume a t  t h e  end o f  
the p ro jec ted  r o t a t i o n ,  harvest  ages 
app rop r i a te  do the ownership and pro- 
j e c t e d  basal  area a t  r o t a t i o n  were 
entered i n  the  equat ion,  The t y p i c a l  
h a r v e s t  o r  r o t a t i o n  ages prov ided by 
S t a t e  f o r e s t r y  pest c o n t r o l  o f f i c e r s  f o r  
v a r i o u s  ownership classes were SO years 
f o r  Federal Ian&, 45 years  For Sta te  
1 ands, 35 years f o r  industry,  and 45 
years f a r  N I P F  l a n d s ,  The d i f f e r e n c e  
between t h e  volume ad the t i m e  o f  a t t a c k  
by SPB and the  proje@ted volume a t  t h e  
end  o f  t h e  r o t a t i o n  was t h e  es t imated  
growth toss, No growth loss occurred i f  
a s t a n d  was older t h a n  t h e  app rop r i a t e  
rata%ion age f o r  the ownership, 

The process i s  dependent upsn a 
method s f  p r s j e c t i n g  t he  basal  a r e a  per 
a c r e  a t  t h e  ro t a t ion  age, I n  t h i s  
study,  equat ions f o r  p r e d i c t i n g  basa l  
a r e a  were developed fo r  d i f f e r e n t  f o r e s t  
types From FIB survey d a t a ,  

Table 6.--Comparison o f  p red i c ted  and observed volume o f  t imber  k i l l e d  
by SPB, based on an average pe r i od  o f  spot growth o f  75 days 

Forest  Experiment Pred ic ted  vo l  ume Observed vol  ume Percent 
Stat l "  on k i l l e d  k i l l e d  e r r o r "  

a ~ e r c e n t  e r r o r  = ( p r e d i c t e d  - observed) /pred ic ted.  

abama, Arkansas, L o u i s i a n a ,  M i s s i s s i p p i  , Tennessee, Texas. 
(Oklahoma omi t ted  because of n e g l i g i b l e  SPB a c t i v i t y  .) 

'Georgia, North Carol i n a ,  South Carol i n a ,  V i  r g i n i a .  



where : 

B = b a s a l  area per acre 
SC = s i t e  c lass  
4 = age i n  years 

( 14) levels o f  ne t  benefits, T a b l e  7 qives 
t h e  b e n e f i t / c s s t  ra t ios  f o r  t h e  States, 
These r a t i o s ,  at the 4 percent  d iscount  
rate,  range from a h i g h  s f  92% f o r  
Alabama to a Isw o f  1,12 f o r  Oklahoma, 

Th is  equa&isn was used to ca lcu la te  t he  
d i  fference (DRA) between the  basal  area 
pe r  acre fo r  the survey p l o t  and the 
predicted basal  a rea  of t h e  p l o t  g iven  
the same s i t e  class  and age,  The 
equation was then used to p r e d i c t  t he  
expected basal  area a t  the end of the 
rotation g iven  the  same s i t e  class  and 
age ,  Th is  value was added t o  DBA Lo 
o b t a i n  the predicted basal area per acre 
a t  the end s f  the rotation, T h i s  
approach seems to overpredict basal area  
a t  the end o f  t h e  r o t a t i o n  i f  the i n i -  
t i a l  basal area  per  ac re  i s  high. It 
a l so  %ends to underpred ic t  f o r  low i n i -  
t i a l  basal  areas.  T h i s  method o f  pro-  
jec t ion  i s  less t h a n  s a t i s f a c t o r y ;  
however, due  to lack o f  s u i t a b l e  basal  
area growth equations, i t  was t h e  bes t  
o f  t h e  many alternatfve ppediction 
-nethods tested, Csnsequenfly, there is  
a source s f  potential e r r o r  o f  unknown 
magnitude associated w i t h  t h e  grnwt  h 
loss projections, Furthermore, the 
e r r o r  dssocdated w i t h  the growth loss 
estimated f o r  States i n  the Southern 
F o r e s t  Experiment S t a t i o n  w i l l  be 
g r e a t e r  t h a n  For States Prow t h e  
Southeastern S t a t i o n  area due  t o  t he  
d e f i c i e n c i e s  i n  t he  survey mentioned 
previously, 

F i g u r e  3 illustrates a r a n k i n g  o f  
the States by the  optimal net  b e n e f i t s  
o f  SPB c o n t r o l  fo r  both the 4 and  10 
percent  d i s c o u n t  rates, The States can 
be separated i n t o  three categories 
according to t he i r  level o f  net b e n e f i t s  
f o r  SPB con t ro l ,  Alabama, North 
Carolina, and Texas f a l l  i n t o  t h e  eate- 
gory o f  h i ghes t  net benefits, Georgia,  
Louisiana, South Carolina, and 
M i s s i s s i p p i  d i s p l a y  a moderate level s f  
qet benefi ts ,  V i r g i n i a ,  Tennessee, 
Arkansas, and Okl ahorna exhi b i t  very  low 

4 PERCENT DISCOUNT RATE 
I0 

-=-' 
10 PERCENT DiSCWNT RATE 

@ a0 
& 
Q 

Figure 3, - -Opt ima l  net b e n e f i t s  o f  SPB 
cont ro l  , at two d i  scsunt r a t e s ,  by S t a t e ,  



T a b l e  7,--Summary s f  o p t i m a l  t o t a l  b e n e f i t s  and t o t a l  costs f o r  SPB 
c a n t  r o i  a t  two d i  senunt r a t e s ,  assirm-i" ng a moderate beeat l e gopul at fan, 
i n  t h o u s a n d s  o f  1984 do1 lass ,  by S t a t e  

To ta l  T o t a l  Net BeneFi d /  
S t a t e  henef i  ts costs benefjts cost  r a t  i s 

Regional 
t o t a l  

Regional 
t o t a l  

4 PERCENT DISCOUNT RATE 

$0 PEQCENT DISCOtJfdT RATE 

'Less t h a n  $500, 

Tab1 e 7 summasi zes the optimal 
t o t a l  costs (bo th  d i r e c t  and indirect) 
and b e n e f i t s  f o r  SPB c o n t r o l  a t  bo th  the 
4 and 10 percent real d i s c o u n t  r a t e s .  
These results represent  the optimal 
so lu t ions  obta ined fo r  t he  individual 
FIA survey p l o t s  summed f o r  each State. 
The results i n d i c a t e  t h a t  t h e  ca l cu l a -  
tions o f  b e n e f i t s  and costs were very 
s e n s i t i v e  do the d i f f e r e n t  discount 
r a t e s ,  A t  the  4 percent  d iscoun t  rate ,  

t h e  t o t a l  b e n e f i t s  were about $59,% 
million f o r  t h e  ent i re  reg ion ,  and t h e  
t o t a l  costs were about $9,5 million, 
y i e l d i n g  net b e n e f i t s  o f  $49.6 million. 
The r e g i o n a l  b e n e f i t J c o s t  r a t i o  was 
6,22, A t  t h e  $0 percen t  d iscoun t  ra te ,  
t h e  regional  benefits were approximately 
$372 million w i t h  t s t a l  costs  o f  362 
million, Net benefits were $30,9 
m i l  1 i on ,  and t he  b e n e f i t f c s s d  r a t i o  was 
533, 



f a b l e  8,--Summary o f  optimal t o t a l  b e n e f i t s  and direct  costs For SPR 
control ,  assuming a moderate beetle p o p u l a t i o n ,  i n  t housands  o f  1984 
do1 1 ars ,  by S t a t e  

T o t a l  Di rec t Benef i d s  , net Benefi t / d i  r z c t  
S t a t e  beneft" t s costs o f  d i r e c t  costs cost r a t i o  

4 PERCENT DBSGOIJNT RATE 

Reg1 onal  
t o t a l  59,097 7,051 52,046 

10  PERCENT DISCOUNT RAPE 

Regional  
t o t a l  37,160 5,244 31,916 

aLess t h a n  6500, 

Table  8 carrtar'ns study resnf  t s  
sjmilar t o  those i n  t a b l e  7 except t h a t  
t h e  d i r e c t  costs  o f  SPR control  a r e  
g i v e n  instead o f  the t o t a l  c o n t r o l  
costs,  These di rec t  costs rep resen t  the  
a c t u a l  cash ou t1  agss f o r  presljppre5sfon 
f l i g h % s ,  e v a i u a t i o n ,  and  suppress ion,  
and  exclude the opportunity c m t s  
involved f n  the h a r v e s t i n g  o f  f i n a n -  

cially immature t i m b e r  t o  cont ro l  SPB, 
The regional  b e n e f i t s  net  o f  d i  r e c t  
costs  were $52 m i l  l i n n  a t  the 4 percent 
discarrnt r a t e ,  w i i t h  a henef l " t /cost  r a t i o  
o f  8,38, Ad the  I0 percen t  d i s c o u n t  
r a t e ,  t he  b e n e f i t s  net o f  d i r e c t  costs  
were abou t  $32 mil 1 ion, y i e l d i n g  a 
benefitlcost r a t i o  o f  7,08, 



Table  9,--Summary o f  o p t i n a l  reg iona l  b e n e f i t s  and cos ts  fo r  SPB 
c o n t r o l  a t  two d i  scount ra tes ,  assuni ng a moderate beet1 e popul  adion,  
i n  thousands s f  1984 do1 l a r s ,  by ownership class  

Ownershr" p Total T o t a l  Net Werrefi t/' 
class  bene f i  t s cos t s  benef i t s  cost  r a t i o  

Federal 
S t a t e  
Fores t  i n d u s t r y  
N r P F  

Regional 
t o t a l  

Federal 
S t a t e  
Fores t  i n d u s t r y  
N I PI"" 

Regional 
t o t a l  

4 PERCENT DISCOUNT RATE 

20 PERCENT DISCOUNT RATE 

Table 9 con ta ins  t h e  reg iona l  hene- 
f i t s  and cos ts  by l and  ownership c lass ,  
A t  t h e  4 percent  d iscoun t  r a te ,  N I P F  
lands accounted f o r  64 percent  of dhe 
t o t a l  ne t  b e n e f i t s ;  f o r e s t  i n d u s t r y  
l ands, 20 percent ;  Federal lands, 12 
percen t ;  and S ta te  lands, 4 percent ,  
N I P F  lands represented 65 percent  o f  t h e  
t o t a l  cos ts ;  f o r e s t  i n d u s t r y  lands , 23 

percen t ;  Federal lands, 10 percent ;  and 
S t a t e  lands, 2 percent .  A t  t he  10 per -  
cen t  d iscoun t  ra te ,  t h e  general p a t t e r n  
o f  b e n e f i t  and cos t  d i s t r i b u t i o n  remains 
t h e  same, w i t h  NIPF lands account ing f o r  
t h e  m a j o r i t y  o f  bene f i t s  and costs.  The 
b e n e f i t l c o s t  r a t i o s ,  a t  t h e  4 percen t  
d iscoun t  ra te ,  range from 7,93 on S ta te  
lands t o  5,66 on f o r e s t  i n d u s t r y  lands, 



4 ERCENT DISCWNT R A E  

10 PERCENT DISCOUNT RATE 

CUT AND a EVALUATION 

INDIRECT a DETECTION 

F i g u r e  4.--Components o f  SPB cont ro l  
css ts ,  a% two discount ra les ,  by S t a t e ,  

F i g u r e  4 displays t h e  breakdown o f  
t o t a l  con t ro l  cost i n t o  the  various 
d i r e c t  and i n d i r e c t  cost components, by 
Sta te ,  Far most o f  the Sta$es, the eos t  
o f  presuppression f l i g h t s  was the 
l a r g e s t  component of cant  r o l  c o s t ,  

averag ing about 40 peg~enk o f  t o t a l  
costs,  The indirect cost o f  premature 
t imber  h a r v e s t  was the next l a r g e s t  eost 
csmgonent, averag ing  about 28 percent sf 
t o t a l  costs, Eva1 u a t i o n  costs averaged 
27 percent  o f  t o t a l  costs,  bud t he  
d i r e c t  cos t  o f  cut-and-leave suppression 
constituted only 5 percent,  The d i r e c t  
cut-and-leave cost is a l a r g e r  sha re  o f  
t o t a l  cost i n  Georgia a n d ,  p a r l i c u l a r l y ,  
Texas because t h e  practice i s  more corn- 
m8n there, 

The csmple%e, detailed s tudy 
results a r e  i n  the appendix, Table  18 
contains t h e  analysis results f a r  t he  
e n t i  r e  Sou the rn  reg ion ;  tables 11-21 
contain t h e  results f o r  t h e  separa te  
States,  Each t a b l e  contains the r e s u l t s  
f o r  both t h e  4 and 90 percent  discount 
r a t e s ,  Optimal t o t a l  b e n e f i t s ,  changes 
i n  %a1 vage va lue ,  d i r e c t  and indirect 
cssts ,  and b e n e f i t l c o s t  ra t ios  a r e  g i v e n  
by Sand ownership c lass ,  Row and column 
t o t a l  s  may c o n t a i  n some sl i g h t  rounding 
errors,  

Csncl usion and Discussion 

The results o f  this  s tudy i n d i c a t e d  
t h a t ,  i n  a year o f  t y p i c a l  SPB activity, 
substantial b e n e f i t s  could be realized 
from optimal economic control  o f  SPB 
damage to commercial t imber  stands,  Ad 
a 4 percen t  real rate to d iscount  t he  
va lue  o f  timber losses, the o p t i m a l  net 
benefits o f  control f o r  t h e  e n t i r e  
Southern reg ion  are es t imated  a t  about  
$50 mi 1 l i on ,  y i e l d i n g  a b e n e f i t l c o s t  
r a t i o  o f  6,22, Even a t  a 10 percent  
real discount  rate, t h e  reg iona l  net  
benefits are estimated to be more than 
$38 mil 1 i o n  w i t h  a b e n e f i t i c o s t  s a t i s  of 
5 e 9 3 ,  

Seven States--Alabama, North 
Carolina, Texas, Georgia, Lou is iana ,  
Sou th  Carolina, and I"lisss"ssippl"-.- 
unquestionably warrant  l a r g e  SPB control 
e f f o r t s ,  O f  those, Alabama, Nor th  
Caro l ina ,  and Texas are t he  three 
largest  i n  terms o f  net  b e n e f i t s ,  
averaging about $9 m?lI i o n  per  S t a t e ,  
The remaining f o u r  States could generate 
o p t i m a l  net b e n e f i t s  of about $5 million 
each, V i  r g i  n i  a ,  Tennessee, Arkansas, 



and B k l  ahsna, under optimal SPB control 
c o n d i t i o n s ,  would y ie ld  net benefits per 
S t a t e  o f  less than $1 million, 

From the s tudy  r e s u l t s ,  t h e  total 
regional optimal annual d i rect  cost f o r  
SPB cont ro l  i s  estimated to be abou t  $7 
to $5 mi57ion, depending upon the 
assumed discount  rate o f  4 o r  10 percent, 
respectively. The m a j o r i t y  o f  th i s  
control  expend i tu re  shou ld  be appl  ied t o  
presuppress ion f l i g h t s  and to t h e  eval- 
ua t i on  s f  SPB infestations, The direct  
cost a s soc i a t ed  w i t h  suppression, i ,e, , 
cut  and leave and cut and sa lvage ,  i s  a 
minor component of control  activities, 
The optimal direct control costs f o r  
Al abama , North Carol i na ,  Texas, Geergi a ,  
Loui si ana, South Carol i na ,  and 
Mississippi range from about $1.2 
mil l i o n  t o  $700,000 annually, per S t a t e ,  
depending upon t h e  assumed discount rate 
o f  4 o r  10 percent ,  respectively. 

T h i s  study was an a t tempt  to pi-$-- 
v ide  an economic basis f o r  the planning 
of  SPB c o n t r o l  programs. As such, it 
represen ts  a conceptually complex 
research activity. The s imula t ion  
program seems to slightly o v e r p r e d i c t  
volume k i  1 1  ed by SPB on a regional 
basis. Overpredicti on appears to be 
greater f o r  the States i n  the F I A  survey 
reg ion  o f  t h e  Southern Forest Experiment 
Sta t ion .  The predictions f o r  States 
covered by the Southeastern S t a t i o n  sur-  
vey (Georg ia ,  North Carol i n a ,  South 
Carol i na ,  V i  r g i n i a )  a r e  very close to 
t h e  observed volume k i 4  l ed  when a7 1 the 
sources o f  p d e n l i a l  e r r o r  a r e  con- 
sidered, The e s t i m a t e s  o f  f u t u r e  growth 
loss due to premature death o f  the t rees  
a r e  sub jec t  to an unknown degree o f  
e r r o r  g i ven  the methods used to make the 
psojec$isns, 

In  s p i t e  of  these cavea ts ,  the use 
o f  p r o j e c t e d  volume killed f o r  the 
moderate popul  a t i  on l eve1 weighted by 
the p r o p o r t i o n  of t h e  r e g i o n  i n  an 
outbreak condition du r i ng  an average 
year  provides a r e a l i s t i c  e s t i m a t e  o f  
t h e  di rec t  mortality due  to SPB a t t a c k .  
Because sf these sesul t%, only the 
moderate SPB population project ions were 
used in the economic ana lys i s  conducted 
w i t h  BEAM. Use of  ei ther  the low or 

h i g h  popu l  a t i s n  values would r e s u l t  i n  
extreme underestimates o r  overestimates 
o f  loss, Losses ca l cu l a t ed  from volume 
killed combined w i t h  growth loss due to 
premature death o f  t r e e s  caused by SPB 
a t t a c k  p rov i de  the only e s t i m a t e s  o f  t h e  
t o t a l  regional impact  s f  tRis p e s t  
a v a i  l a b l  e today. There shoul d f u r n i  sh 
s u i t a b l e  i n i t i a l  estimates f o r  eva7- 
ua$ing t h e  economics of coope ra t i ve  
control  programs, 

Further investigations and refine- 
ment o f  the models and d a t a  a re ,  
perhaps, warranted;  however, t h e  authors  
express conf idence i n  the results t h a t  
have been generated, A l  so ,  sensitivity 
analyses were conducted to determine the 
e f f e c t  o f  vary ing  assumptions regard ing  
s a lvage  rates,  t imber  prices, e t c ,  , on 
the study results,  We determined t h a t  
the results were not  very sensitive to 
small changes i n  the d a t a ,  Indeed,  
changes in the discount  r a t e  had f a r  
g r e a t e r  h p a c k  on t h e  s tudy  resul ts  t h a n  
d i d  changes i n  the other v a r i a b l e s ,  
T h u s ,  d a t a  inaccuracies should no t  be a 
matter o f  great concern, 
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APPENDIX 

Table 10.--Optimal level f o r  SPR control  i n  thousands  o f  dollars, by 
ownership c l a s s ,  f o r  the Southern r eg ion  

Category 
p a r e s t  

Federal S t a t e  i n d u s t r y  W P F  T o t a l  

4 PERCENT DISCOIlNT RATE 
Benef f ts  

Timber saved $7,142 $1,430 $12,954 939,523 $61,059 
Change i n  sa lvage  -239 -466 -1,498 -1,962 - 

T o t a l  b e n e f i t s  6,903 1,331 %2,498 38,325 59,097 

Di r e c t  casts 
Psesuppressl" on f% ights 352 73 905 2,544 3,875 
Eva1 aradion 237 45 523 1,842 2,645 
Cut and leave 56 7 - % 76 292 539 

T o t a l  direct  costs 644 125 1,604 4,677 7,051 

Indirect costs (buffer  timber) 244 -- 604 1,530 - 2,446 

Total cas ts  908 173 2,208 6,208 9,497 

Net benefits 85,995 $1,198 %10,2Qfl 632,117 $49,600 

Renef l"d/cost  r a t i o  7,60 7,93 5 66 6,47 6,22 

"I PERCENT DISCPIIINI RATE 
ReneFt" t s  

Timber saved 
Change i n  sa lvage  

T o t a l  henef i  t s  2,942 997 10,204 23,017 37,161 

D i  r e c t  costs 
Presuppres%ion f l  i g k t s  175 54 732 1,512 2,474 
Eva1 uadi on 200 40 490 1,576 2,305 
Cut and leave 51 6 165 242 464 

T o t a l  d i r e c t  costs 42 7 100 1,386 3,330 5,243 

Indirect costs (buffer  t imbe r )  61 23 418 520 1,022 

T o t a l  costs 488 124 1,804 3,850 6,266 

Net benefits $7,455 5874 $8,400 $19,167 $30,895 

Benef i t / c o s t  r a t i o  6,03 8,07 5,66 5,98 5,93 



Table 12,--Optimal l e v e l  f o r  SPB c o n t r o l ,  i n  thousands o f  d a l l a r s ,  by 
ownership c lass ,  f o r  Wl abama 

Fores t  
Federal  S t a t e  industry MIQF Total 

Berlefi t s  
Timher saved 
Change i n  salvage 

4 PERCENT DISCOUNT RATE 

Total  b e n e f i t s  579 206 2,587 7,214 10,586 

D i r e c t  cos ts  
Presuppression f l i g h t s  33 9 174 426 642 
Eva1 u a t i  on 15 5 82 214 316 
Cud and leave 1 

Y 

0 - 3 
7 

9 - 13 
P 

Tota l  d i r e c t  cos ts  48 14 260 649 970 

I n d i r e c t  cas ts  ( b u f f e r  t imbe r )  - 12 - 1 50 - 98 162 

To ta l  cos ts  61 14 31 0 747 1,132 

Net b e n e f i t s  $519 $192 $2,277 $6,467 $9,454 

B e n e f i t  / cos t  r a t i o  9,54 14,44 8,35 9,66 9,35 

10 PERCENT DISCOUNT RATE 
Renef t ' t s  

Timber saved 
Change in  salvage 

Total b e n e f i t s  159 153 1,901 3,699 5,912 

D i r e c t  costs 
Presuppression f l i g h t s  9 6 119 183 316 
Eva7 eaation I 1  4 75 180 270 
Cut and leave 1 - 0 3 8 1 2  

Tota l  d i rect  casts 20 10 198 371 599 

Indi rec t  costs ( b u f f e r  t imbe r )  I 1 7  5 23 

Tota l  cos ts  21 10 214 376 622 

Net benefits 

Benef i LJcost r a t i o  7,5I 15,26 8,87 9,84 9,53 



Table 12.--Optimal level f o r  SPB c o n t r o l ,  i n  t h o u s a n d s  o f  dollars, by 
ownership cl ass, f o r  Arkansas 

Forest 
Federal S t a t e  indus t ry  NIPF Total  

4 PERCENT DISCOUNT RATE 
Benefl'ts 

Timber saved 
Change i n  sa lvage  

To ta l  b e n e f i t s  

D i r e c t  cos t s  
Presuppressi  on f l  igkts 0 1 22 22 45 
Eval u a t  i on 0 0 2 2 4 
Cud and leave  0 0 5 5 I 0  

To ta l  direct costs 

I n d i r e c t  cos ts  ( b u f f e r  t imbe r )  

ToUI  costs 

Net b e n e f i t s  $0 $4 $60 $69 $1 33 

Benef i L l c o s t  r a t i o  

10 PERCENT DISCOUNT RAPE 
Benef i d s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  

D i r e c t  cos ts  
Presuppression f l i g h t s  0 1 20 16 37 
Eval u a t i o n  0 0 2 2 4 
Cut and leave  0 0 5 5 -- 9 

Total  d i r e c t  cos ts  0 2 26 23 511 

Indirect costs ( b u f f e r  timber) 

"Todal costs 

Ned b e n e f i t s  

Renef-i"t/cost r a t i o  



Table  13.--Optimal level f o r  SPB c o n t r o l ,  i n  thousands of dollars, by 
ownership c l a s s ,  f o r  Georgia 

Category 
Forest 

Federal S t a t e  indus t f fy  NIPF T o t a l  

Bene f i t s  
Timber saved 
Change i n  s a l v a g e  

4 PERCENT DISCOUNT RATE 

Tota l  benefits 682 50 B ,071 5,599 7,402 

D i r e c t  costs 
Presuppresston f l f g h t s  43 5 97 440 586 
Eva1 u a t l o n  31 3 53 345 432 
C u t  and leave 7 1 4 7 7 8  - P 

103 

Tota l  d i r e c t  costs 631, 9 168 863 1,121 

I n d i  rect  costs ( b u f f e r  t i m b e r )  76 324 

To ta l  costs 12  1 13 244 1,187 1,565 

Net b e n e f i t s  $561 $37 $828 $4,412 $5,837 

Benef i t l c o s t  r a t i o  5,62 3,77 4,40 4,92 4,73 

10 PERCENT DISCOUNT RATE 
B e n e f i t s  

Timber saved 
Change i n  sa lvage 

T o t a l  b e n e f i t s  403 27 847 3,172 4,450 

D-i rect costs 
Presuppress ion f l i g h t s  25 3 72 251 351 
Eva7 u a t t o n  26 2 510 289 367 
Cud and leave 6 1 1 7  71. 95 

Total d i r e c t  costs 57 6 139 61 f 813 

Indirect costs ( b u f f e r  timber) 15  37 90 - 143 

T o t a l  costs 72 7 176 701. 956 

Net b e n e f i t s  $332 $20 $671 $2,472 $3,493 

Benef i %/cos t  r a t i o  5,62 3,65 4,81 4,53 4,65 



Table 14.--Optimal level fo r  SPB c o n t r o l ,  i n  thousands of do1 l a r s ,  by 
ownership c lass ,  f o r  Lou is iana  

Category 
F o r e s t  

Federal S t a t e  indus t ry  N l P F  Total  

4 PERCENT DISCOUNT RATE 
B e i l e f t t s  

l i m b e r  saved $1.038 $322 $2,175 83,254 $6,789 
Change i n  s a l v a g e  -4 1 -- 1 3 -66 -97 -21 8 

Total  benefits 

Di  r e c t  cos t s  
Presuppression f l i g h t s  52 14 163 258 487 
Eva1 u a t i a n  21 6 64 102 194 
Cud and leave  1 0  3 4 8 - P -- 

Tota l  d i r e c t  cos ts  

I n d i r e c t  cos ts  (bu f fe r  t imber) 34 10 - 106 - 164 - 315 

Totall costs 108 30 336 528 1,003 

Met b e n e f i t s  

Benef i  t l c o s t  r a t i o  9,25 10,20 6,27 5,98 6,55 

10 PERCENT DISCOUNT RATE 
B e n e f i t s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  

D i  r e c t  cos ts  
Presuppression f l  l g h t s  17 9 137 139 302 
Eva1 ua t  i on 17 6 61 88 172 
Cut and l eave  1 0  - 3 4 7  

Total  d i rect  cos ts  35 15 201 231 482 

I n d i r e c t  cos ts  ( b u f f e r  t imber )  3 I 73 30 106 

S"o"t1 costs 37 16 273 261 587 

Net b e n e f i t s  

BenePi t/eosG r a t i o  5,87 9,46 6,13 5,67 5,99 



Table 15,--Optimal l e v e l  f o r  SPB c o n t r o l ,  i n  thousands of do1 l ars,  by 
ownershi g c lass ,  f o r  M i s s i s s i p p i  

Category 
Farest 

Federal S ta te  i ndus t r y  N f  P f  Tota l  

Bene f i t s  
Timber saved 
Change i n  s a l v a g e  

T o t a l  b e n e f i t s  

D i r e c t  costs 
Presuppression f f i g h t s  
Eva lua t i on  
Cud and leave  

To ta l  d i r e c t  cos ts  

I n d i r e c t  costs ( b u f f e r  t imbe r )  

To ta l  c o s t s  

Net b e n e f i t s  

Benef i t l c o s t  r a t i o  

RenePi t s  
l i m b e r  saved 
Change i n  salvage 

To ta l  b e n e f i t s  

D i  r e c t  cos ts  
Presuppression f l i g h t s  
Eval  uadisn 
Cut and leave 

To ta l  d i r e c t  cos ts  

I n d i r e c t  cos ts  ( b u f f e r  t imbe r )  

To ta l  cos ts  

Net bene f i t s  

Benef i t / c o s t  r a t  i s 

4 PERCENT DISCOUNT RATE 

I 0  PERCENT DISCOUNT RATE 



Tab le  16.--Optimal level f o r  SPB c o n t r o l ,  i n  thousands o f  d o l l a r s ,  by 
ownership cl ass,  f o r  Nor th  Carol i n a  

Forest 
Federal S t a t e  indrrslry N l P F  Tota  1 Category 

4 PERCENT DISCOUNT RATE 
B e n e f i t s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  332 284 506 9,195 10,317 

Di  r e c t  cos t s  
Presuppression f l i g h t s  24 12  43 449 528 
Eval u a t i o n  16 9 21 454 500 
Cut and leave  - 1 - 0 - I - I 1 - 13 

Tota l  d i r e c t  cos ts  

I n d i r e c t  cos t s  ( b u f f e r  t imbe r )  

To ta l  c o s t s  

Net b e n e f i t s  

Benef i t / c o s t  r a t  i s  

10 PERCENT DISCOIJNT RATE 
~ e n e f i  t s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  205 230 450 6,586 7,477 

O i  r e c t  cos t s  
Presuppression f l  i g h t s  14 9 36 31 7 378 
Eval u a t i o n  15 9 20 404 449 
Cut and leave 1 - 0 - 1 - 10 -- 12 

T o t a l  d i r e c t  costs 

Indirect costs  (buffer  t imber )  

Total  costs 

Net henef i  t s  

Benef i %/cost  r a t i o  



Tab le  17.--Optimal l e v e l  f o r  SPB c o n t r o l ,  i n  thousands o f  dollars, by 
ownership class ,  f o r  Oklahoma 

Fo res t  
Federal Sta te  industry NIQF Total Category 

4 PERCENT DISCOUNT RATE 
B e n e f i t s  

Timber saved 
Change i n  salvage 

T o t a l  bene f i t s  ,51 0 0 0 

D i r e c t  cos ts  
P r e s u p p r e s s i ~ n  f l  i g h t s  .22 0 0 If 
E v a h d i o n  .01 0 0 0 
Cud and leave  .03 0 0 0 

Total  d i r e c t  cos ts  .26 0 0 0 

l n d i s e ~ t  ees ts  ( b u f f e r  t imbe r )  Q 

T o t a l  costs .45 0 0 8 

Net b e n e f i t s  $. 05 $0 $0 $6 

Benef i t / c o s t  r a t  i s  1,12 --. -- - - 

10 PERCENT DISCOUNT RATE 
B e n e f i t s  

Timber saved 
Change i n  salvage 

T o t a l  b e n e f i t s  .32 0 0 0 

D i  r e c t  cos ts  
Presuppression f l  i g h t s  . I1 0 0 0 
Eval u a t i o n  .[I1 0 0 0 
Cut and leave  .04 0 r) 

F 

0 - - 
Tota l  d i r e c t  cos ts  @I6 0 0 0 

I n d i r e c t  cos ts  ( b u f f e r  t imbe r )  - . I2  - If 0 - 
T o t a l  cos ts  .27 0 0 0 

Net b e n e f i t s  s.05 $0 $0 $0 

Benef i t l c o s t  r a t i o  1,17 -- -- -- 



Tab le  18,--Optimal level f o r  SPB c o n t r o l ,  i n  thousands o f  dollars, by 
ownership class ,  fo r  South Carol i n a  

Category 
Forest  

Federal State i ndus t r y  NIPF Total 

Benefl" d s  
Bl"n,ber saved 
Change i n  salvage 

4 PERCENT DISCOUNT RATE 

Total b e n e f i t s  586 156 563 4,718 6,024 

D i r e c t  costs 
Presupgression f l i g h t s  38 7  48 279 379, 
Eval uadion 26 6 26 267 324 
Cut and leave  1 0  1 7  9 

Tota l  d i r e c t  cos ts  64 41 3 75 552 705 

I n d i r e c t  cos ts  ( b u f f e r  t imbe r )  25 - 5 - 36 245 

To ta l  cos ts  90 18 I10 732 950 

Net b e n e f i t s  

Benef i  t l c o s t  r a t i o  6,54 8,5R 5,410 6,45 6,34 

10 PERCENT DISCOUNT RATE 
B e n e f i t s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  383 138 444 2,953 3,917 

D i r e c t  cos ts  
Presuppression f l  l ights 21 6 39 185 251 
Eva1 u a t i  on 23 5 24 246 298 
Cud and leave  - 1 - 0 1 - 7 9 

Tota l  d i r e c t  cos ts  

Indirect cos ts  ( b u f f e r  t imbe r )  - 8 - 3 19 56 86 

To ta l  cos t s  53 15 83 493 544 

Net benefits 

B e n e f i t l e o s t  r a t i o  



Table  19.--Optimal level fo r  SPB con t ro l ,  i n  thousands o f  dollars, by 
ownershi p cl ass,  f o r  Tennessee 

Farest 
Federal Sta te  industsy MIPF Totdl 

Renef i t r 
Timber saved 
Ghange in sa lvage  

Total  b e n e f i t s  

Di sect costs  
Presuppress ion f l  ight% 
Eva1 ua-t ion 
C u t  and leave 

T o t a l  di rec t  costs 

I n d i  r e c t  costs (bu f fe r  t imbe r )  

T o t a k c e s t s  

Met benef i t s 

BenePit/csst r a t i o  

Benefr" t s  
Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  

D i r e c t  cos ts  
Presuppression f l i g h t s  
Eva lua t i on  
Cut and leave  

Pa ta l  d i r e c t  cos ts  

Indl" r e c t  cos ts  ( b u f f e r  t imbe r )  

To ta l  cos ts  

Net b e n e f i t s  

B e n e f i t l c o s t  r a t i o  

4 PERCENT DISCOUNT RATE 

10 PEWGENT IPISCOajNT RATE 



Table 20,--Optimal level f o r  S P B  can"irof, i n  thousands of  do1 l a r s ,  isy 
o ~ n e r s h i p  c l a s s ,  f o r  Texas 

Category 
F o r e s t  

Federal S t a t e  i ndus t r y  NIPF loda '"r 

4 PERCENT DISCOUNT RATE 
BeneFi t s  

Timber saved $2,671 $190 $4,020 $3,964 $10,845 
Change i n  salvage -118 -6 -126 -1 35 -377 

Total benefits 2,561. 183 3,894 3,829 10,468 

D i  rect  costs 
Presuppression f l i g h t s  7 1 6 228 2 38 543 
Eva1 u a t i  on 70 6 164 259 399 
Cut and l e ave  43 - 4 - 140 - 157 

P 

344 
P 

Tata l  d i r e c t  cos ts  185 16 532 553 1,286 

I n d i r e c t  cos ts  ( b u f f e r  t imber)  - 80 - 8 197 - 193 478 -- 

T o t a l  cos ts  265 24 729 746 1,764 

NeL b e n e f i t s  $2,297 $160 $3,165 $3,083 $8,704 

Benef i t l c o s t  r a t i o  9,68 7,76 5,34 5,13 5,94 

10 PERCENT DISCOUNT RATE 
Benef i  t s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  1,099 153 3,541 2,448 7,242 

Di  r e c t  cos t s  
Presuppression f l i g h t s  42 5 204 147 398 
Eva1 u a t i  on 53 5 156 126 350 
Cut and leave  - 40 4 131 

P 

119 
P 

293 
P 

To ta l  d i r e c t  c o s t s  145 13 491 391 1,041 

I n d i r e c t  costs (buf fe r  t i m b e r )  21 6 172  93 292 

Total costs 166 19 663 485 1,333 

Ned b e n e f i t s  9933 $134 $2,818 $9,964 $5,909 

Henef i t l c o s t  r a t i o  6,6f 8,fO 5,34 5,05 5,43 



Table 21,--8ptimal 1 eve1 f o r  SPB c o n l r o l  , i n  thousands o f  d o l l a r s ,  by 
ownership c l a s s ,  For V i r g i n i a  

Category 
Fores t  

Federal S ta te  i n d u s t r y  MIPF Tota l  

4 PERCENT DISCOUNT KATE 
Bene f i t s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  53 49 201) 935 1,237 

D i  r e c t  cos ts  
Presuppression f l i g h t s  1'1 4 26 123 163 
Eva lua t i on  4 2 10 48 63 
Cut and leave  1 -- 1 -- 3 - 16 --- 21 - 

Tota l  d i r e c t  cos ts  16 6 39 186 247 

I n d i  r e c t  cos t s  ( b u f f e r  t imbe r )  --- 7 - 3 22 -- 99 - 132 
P 

Net b e n e f i t s  $30 $39 $139 $650 $858 

Benef i  t / c o s t  r a t i o  2,31 4.93 3 2 7  3,28 3,26 

10 PERCENT DISCOUNT RATE 
B e n e f i t s  

Timber saved 
Change i n  salvage 

To ta l  b e n e f i t s  32 45 171 673 920 

Di r e c t  cos ts  
Presuppression f l i g h t s  7 4 22 87 119 
Eva lua t i on  3 2 9 41 55 
Cut and leave 1 - 0 - 3 - 14 -- 19 -- 

Tota l  d i r e c t  cos ts  11 6 34 142 192 

I n d i r e c t  cos ts  ( b u f f e r  t imbe r )  - 3 -.- 3 - 17 57 
P 

80 
P 

Tota l  cos ts  14 9 51 198 272 

Met b e n e f i t s  $19 $36 $120 $474 $649 

Benef i t / cos t  r a t i o  2,34 5 2 2  3.34 3 3 9  3 3 9  



i 
I de Steigwer, J.E.; Hedden, Roy L.; Pye, John M. 

I 

! de Steiguer, J.E.; Hedden, Roy L.; Pye, John M. 
I Optimal leve l  o f  expenditure t o  contro l  the southern pine beetle. 

1 
I Optimal level  o f  expenditure t o  contro l  the southern pine beetle. I 

I Res. Pap. SE-263. Ashevi 1 l e v  NC: U.S. Department o f  Agriculture, Res. Pap. SE-263. Ashevi 1 le ,  NC: U.S. Department o f  Agriculture, 1 
Forest Service, Southeastern Forest Experiment Stat ion; 1987. 30 pp. I 

I Forest Service, Southeastern Forest Experiment Stat ion; 1987. 30 pp. I 
I 
I 

I Optimal level  o f  expenditure t o  contro l  damage t o  commercial timber 
stands by the southern pine beet le was determined by models tha t  simu- 

1 
I la ted and analyzed beet le attacks during a typ ica l  season for  11 1 
1 Southern States. At a real  discount r a te  of  4 percent, maximized net 1 
I benef i ts  f o r  the Southern region are estimated a t  about $50 mi 11 ion; a t  I 10 percent, more than $30 m i l l i on .  Methods and costs f o r  detect ion, 
I evaluation, and suppression o f  beet le in fes ta t ion  are discussed. Tables I 
I o f  optimal leve l  f o r  the 11 States are included. 1 

Optimal level  o f  expenditure t o  contro l  damage t o  commercial timber 
stands by the southern pine beet le was determined by models that  simu- 

I 
la ted and analyzed beet le attacks during a typ ica l  season for  11 I 
Southern States. At a real  discount ra te  o f  4 percent, maximized net 
benef i ts  f o r  the Southern region are estimated a t  about $50 m i l l i on ;  a t  

I 
10 percent, more than $30 mi l  1 ion. Methods and costs f o r  detect ion, I 
evaluation, and suppression o f  beet le in fes ta t ion  are discussed. Tables 1 
of  optimal leve l  f o r  the 11 States are included. I 

I KEYWORDS: Dendroctonus f ron ta l  i s, CLEMBEETLE, OVERFLIGHT, BEAM, cut  and I KEYWORDS: kndroctonus f ronta l  i s ,  CLEMBEETLE, OVERFLIGHT, BEAM, cut and i 
I leave, cut  and salvage, presuppression f l i gh t s .  1 1 eave, cut  and sal vage, presuppress i on f 1 i ght s. 

t I 




