
MAPPING VULNERABILITY OF SPRUCE-FIR STANDS 

I N  THE NORTHEAST TO SPRUCE BUDWORM ATTACK 

by 

Thomas F. McLintock 

KmSt Experirnmt Station 

Stat ion Paper No. 21 - January IW' 



Once again a spruce budworm epidemic 
threatens t o  destroy la rge  volumes of timber i n  
the  Northeast. One defense against  the  budworm 
i s  t o  cu t  and u t i l i z e  t r e e s  i n  those stands i n  
which the  budworms a r e  most a p t  t o  feed and 
breed. I n  t h i s  report  the  author presents 
three  p r a c t i c a l  methods of determining what t r e e s  
o r  stands should be cut  f i r s t .  

I n  working out  these methods, the  author 
received ass i s tance  from the  Penobscot Chemical 
Fibre Company, the  Great Northern Paper Company, 
and the  Internat ional  Paper Company. They 
encouraged the  project  and made ava i lab le  t h e i r  
c ru i se  data and o ther  information. The author 
g ra te fu l ly  acknowledges the  help they gave. 
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L N E R A B I L I T Y  OF SPRUCE- 

4 IHt NURTHEAST TO SPRUCE BUDVi;'( A l  I A C  

Thomas F, ~ c ~ i n t o c k '  

THE HAZARD: OLD BALSAM FIR  

L 
One of t h e  most important  phases of spruce budworm c o n t r o l  

lrough c u t t i n g  p r a c t i c e s  i s  t h e  logg ing  of h ighly  vulnerable  s t ands  i n  

lvance of t h e  epidemic. Adjus t ing  logg ing  opera t ions  t o  include 

!ands w i l l  no t  on ly  reduce d i r e c t l y  t h e  amount of  t r e e  m o r t a l i t y -  

!rice wood loss -= . tha t  t imberland owners w i l l  s u f f e r ;  bu t ,  more import-- 

~ t ,  i t  w i l l  remove cond i t i ons  now be l i eved  t o  be most f avo rab le  f o r  t h e  

!velopment of l a r g e  budworm popula t ions .  

: such 

--and 

Because f i r  i s  known t o  support  more bud~~orm l a r v a e  than  SJ 

les, s t ands  wi th  high concent ra t ions  of balsam f i r  a r e  more suscc 

I budworm a t t a c k .  Moreover, because mature and overmature f i r  a 

'1n charge, Penobscot Branch, Nor theas te rn  F o r e s t  Experimer 
a t i o n ,  Bangor, Maine. 

2 ~ h e  spruce budworm ( ~ r c h i ~ s  f u m i f e r a q  Clem. ) i s  a d e f o l i a t o r .  
, feeds  p r i n c i p a l l y  on balsam f i r  ( ~ b i e s  balsamea Mi l l . ) ,  white  spruce 
' i c ea  glauca ~ o e n c h . ) ,  and r e d  spruce (P. rubens Sarg. ). Epiden 
!em t o  run  i n  30- o r  35-year cyc l e s ,  t h e  l a s t  outbreak having bee 
:tween 1910 and 1920. A t  t h a t  t ime, stumpage conse rva t ive ly  es t  

it $100 m i l l i o n  was destroyed i n  Maine alone.  The c u r r e n t  outbreak 
l e v a s t a t i n g  t h e  f o r e s t s  of e a s t e r n  Canada now t h r e a t e n s  t h e  Northeast .  



believed l e s s  able  t o  recover a f t e r  de fo l ia t ion  than spruce o r  young, 

fast-growing f i r ,  it i s  the  heavy stands of mature o r  overmature f i r  

t h a t  a r e  most vulnerable t o  daniage. 

After  the l a s t  budworm epidemic Saaine and craighead3 analyzed 

the  morta l i ty  of spruce and f i r .  I n  stands corresponding c losely  t o  

what we now c l a s s i f y  a s  high, medium, and low hazard they recorded 

average mor t a l i t i e s  of approximately 45 ,  45, and 18 percent respect- 

ively .  

It i s  well  t o  bear i n  mind t ha t  i n  the  S t a t e  of Maine there  a r e  

probably about 2$ mil l ion  acres  of high--hazard stands. Moreover, 

s tudies  made i n  northern Maine have shown t h a t  high-hazard stands on 

the  whole contain much grea te r  volumes than medium- o r  low-hazard stands. 

This i s  evident i n  t ab l e  1, which shows average per  ac re  spruce-fir  

volumes f o r  d i f f e r en t  hazard classes.  I 

If the pa t te rn  of t he  previous outbreak should be repeated, a 

l o s s  of more than 7.5 cords of spruce and f i r  per  acre  may be expected 

on the  high-hazard stands. This con t ras t s  sharply with a probable 

l o s s  of about 3,5 cords per  acre  on medium-hazard stands and l e s s  than 

1 cord on low-hazard stands. Thus, the l o s s  on highly vulnerable 

stands alone could well exceed 1 6  mi l l ion  cords i n  Maine. 

The annual cut  of spruce and f i r  i n  Maine covers about 200,000 

acres.  If  a l l  .cut t ing operations could be moved t o  and confined t o  

high-hazard stands i n  the  next 5 years,  i t  i s  qu i t e  probable, i n  the 

event of a severe budworm epidemic, t h a t  a saving of more than 6 m i l l -  

i on  cords of spruce and f i r  would r e su l t .  Of course, complete 

diversion of a l l  cu t t i ng  operations t o  such stands i s  not p rac t ica l ;  

but  it does not seem too much t o  expect t ha t  a t  l e a s t  half of the  annual 

operations could be so  diverted. 

8 

'~waine, J. M., and Craighead, F ; C . Studies on the  spruce 
budworn. Canada Dept. Agr. Tech. Bul. 37. 91 pp., i l l u s .  1924. 



TABLE I.-- i?eLatzve spruce ar i  f z r  v o l m s  zn stands 
of dzfferent bzddwonrr hazard 

- 
I 

Mzard class Spruce F i r  Total * 
- --l 

Cords ConZs Cords ' 
Per fie r p e r .  1 
acre acre acre I 

I 

1 High I 
7 . 2  4,7 11 p 

1 5 , i  1.3 

I - -1 
A l l  classes 8 9  / 

-- - 1 

Before c u t t i n g  

schedules  can  be s e t  up 

and logging  p r i o r i t i e s  

arramged, so-ca l led  

high-hazard s t ands  have 

t o  be loca t ed .  It has 

been recognized from 

t h e  beginning t h a t  a n  

e f f e c t i v e  sa lvage  pro- 

gram must come from 

j o i n t  i n i t i a t i v e  on t h e  

p a r t  of t h e  t imberland 

owners themselves. They, i n  t u r n ,  must know where t h e  g r e a t e s t  t h r e a t  

l i e s ,  which s t ands  a r e  l i k e l y  t o  d i e  f i r s t ,  and which a r e  r e l a t i v e l y  

r e s i s t a n t .  They must a l s o  cons ider  t h e  c o s t  of logging  each a r e a  and 

balance t h a t  c o s t  a g a i n s t  t h e  probable l o s s  i f  t h e  t imber were no t  c u t .  

I n  some cases  i n a c c e s s i b i l i t y  w i l l  prove t o  be t h e  dec id ing  f a c t o r ,  even 

i n  t h e  f a c e  of  p o s s i b l e  heavy m o r t a l i t y .  Once he has before  him a map 

of h i s  holdings showing the  s i z e  and l o c a t i o n  of p o t e n t i a l  danger spo t s ,  

t h e  t imberland owner can begin t o  p l a n  h i s  pre-salvage and sa lvage  

campaigns. 

The problem, then ,  i s  t o  work o u t  some method by liihich the  

t imberland owner can qu ick ly  and w i t h  reasonable accuracy map h i s  t imber  

s t ands  accord ing  t o  t h e i r  r e l a t i v e  budworm v u l n e r a b i l i t y .  He must be 

a b l e  t o  p i ck  ou t ,  and des igna te  f o r  e a r l y  c u t t i n g  opera t ions  ~che reve r  

p o s s i b l e ,  t hose  pulpwood s t ands  t h a t  would be t h e  f i r s t  t o  d i e  once the  

budworm becomes e s t ab l i shed .  

4 With t h i s  i n  mind, Westveld developed a method f o r  r a t i n g  t h e  

v u l n e r a b i l i t y  of any g iven  sp ruce - f i r  s t and  t o  budvlorm damage. ~ e s t s  

%estveld,  M. A suggested method f o r  r a t i n g  t h e  v u l n e r a b i l i t y  
of sp ruce - f i r  s t ands  t o  budwom a t t a c k .  Northeast.  F o r e s t  Expt. S t a .  
4 pp.,  processed. 1945. 



have shown t h a t  through i t s  use d e t a i l e d  v u l n e r a b i l i t y  maps could  be 

prepared  wi th  a n  expendi ture  of  1 0  t o  12  man-days p e r  township of  23,000 

ac re s .  

H~wever ,  f o r  a u s e f u l  t o o l  t h a t  l a r g e  t imberland owners can use 

r e a d i l y  t o  s e t  up logg ing  p r i o r i t y  based on r e l a t i v e  expected l o s s ,  a 

method i s  needed t h a t  would t a k e  n o t  more than  1 o r  2 man-days p e r  

25,000 ac re s .  Fo r  p r a c t i c a l  reasons it seemed d e s i r a b l e  t o  modify.  

Westve ldss  method t o  make it f a s t e r  i n  a p p l i c a t i o n ,  even though a t  a 

s l i g h t  s a c r i f i c e  i n  accuracy,  Through a s e r i e s  of s t u d i e s  such a 

method was developed. 

A PLAN FOR LARGE HOLDINGS 

This i s  w r i t t e n  w i t h  t h e  l a r g e  t imberland owner c h i e f l y  i n  mind. 

It i s  i n  h i s  ex t ens ive  hold ings ,  ranging  i n  s i z e  from 50,030 t o  more 

t h a n  2,000,000 a c r e s ,  t h a t  t h e  g r e a t e s t  budworm hazard, a s  w e l l  a s  t h e  

g r e a t e s t  p o t e n t i a l  l o s s ,  l i e s .  It i s  here  a l s o  t h a t  because of 

i n a c c e s s i b i l i t y  t h e  g r e a t e s t  d i f f i c u l t i e s  of sa lvage  a r e  encountered. 

It i s  here  t h a t  v u l n e r a b i l i t y  maps a r e  needed most. 

The l a r g e  t imberland owner w i l l  do w e l l  t o  s e l e c t  first f o r  map- 

p i n g  those  a r e a s  where t h e r e  i s  some chance of o p e r a t i n g  w i t h i n  t h e  next  

5 o r  4 years .  Po r t ions  of h i s  holdings where t h e r e  i s  no conceivable  

p o s s i b i l i t y  s f  opera t ing ,  o r  where t h e  c o s t  of ope ra t ing  would be 

g r e a t e r  than  t h e  l o s s  sus t a ined  if t h e  spruce and f i r  were k i l l e d ,  

should be d is regarded ,  a t  l e a s t  f o r  t h e  present .  

For  t h e  owner who i s  f aced  w i t h  a sa lvage  problem cover ing  p a r t s  

of 15, o r  20 townships o r  more, t h e  sooner  t h e  seg rega t ion  of high-hazard 

s t ands  can be accomplished on ope ra t ions  maps, t h e  b e t t e r .  Diversion 

of c u t t i n g  t o  h igh ly  vulnerable  s t ands  should, of course,  be s t a r t e d  

immediately wherever poss ib l e .  

For  such ex tens ive  hdldings,  t h e  recommended procedure f o r  

p repa r ing  a hazard map i s ,  b r i e f l y ,  a s  fol lows:  



1, Usingtimber-management o r  operations maps, eLiminate a l l  hardwood 

types, recent burns and cut t ings ,  cedar swamps, young second growth 

(nonoperable), and other  stands where c ru i se  p lo t s  show l e s s  than 

one-half cord (gross)  of balsam f i r  per  acre.  

2.  Class i fy  the  remaining stands i n t o  areas  of high, medium, and low 

budworm hazard by grouping c ru i se  p lo t s  according t o  the  following 

scale:  

Hazard Cords of f i r  per ac re  
(gross s ca l e )  

High 4.00 o r  more 
Medium 2.00 t o  3.99 
Low 0.50 to 1.99 

Group no fewer than three  p lo t s ,  and c l a s s i fy  no area smaller than 

50 acres.  I n  l a rge  areas ,  disregard occasional cruise  p lo t s  where 

f i r  volume i s  more than o r  l e s s  than t ha t  of the  c lass  of the sur- 

rounding stand, 

3. I n  drawing hazard zone boundaries, use type l i n e s  where the  two 

appear t o  coincide. Use streams and ridge l i n e s  a s  ind ica tors  of 

probable softwood (high hazard) o r  hardwood (low hazard) s i t e s .  

When i n  doubt, r e f e r  t o  c ru i se  sheets and f igure  hazard higher i f  

the spruce and f i r  i s  la rge  and apparently mature, lower i f  i t  i s  

small and apparently a young stand. For guidance, see f i gu re -3 ,  

p. 17. 



A .  PLAN FOR SLIALLER HOLDINGS . 
For sma l l e r  holdings,  o r  nhe re  a  more accu ra t e  d e l i n e a t i o n  of 

hazard c l a s s e s  i s  des i r ed ,  o r  f o r  a  check on t r a c t s  mapped as high-, 

hazard by t h e  method descr ibed  above, a  more e l a b o r a t e  procedure can be 

used, employing a  v u l n e r a b i l i t y  formula. 

The Formula 

A s  a l r e a d y  poin ted  ou t ,  l a r g e r  numbers of budworms b u i l d  up on f i r  

than  on spruce. Also, o l d e r  f i r  a r e  more e a s i l y  k i l l e d  than  younger, 

fast-growing f i r .  Thus v u l n e r a b i l i t y  i s  t h e  product of t h e  amount of 

f i r  and i t s  age--or s i z e .  Using t h e s e  r e l a t i o n s h i p s ,  Vestveld 

developed t h e  formula 

S = V x B P ,  

i n  which S i s  t h e  v u l n e r a b i l i t y  r a t i n g ;  V i s  t h e  volume of  f i r  p e r  a c r e ,  

i n  cords;  and BA i s  t h e  b a s a l  a r e a  of t h e  average-size f i r ,  i n  square  

inches.  

Thus, a sp ruce - f i r  s t and  having 5 cords of f i r  p e r  a c r e  averaging  

8 inches  i n  diameter  b r e a s t  high would have a  v u l n e r a b i l i t y  r a t i n g  of 

b01. This formula, when app l i ed  t o  success ive  c r u i s e  p l o t s ,  o r  t o  

per-acre f i r  s t a n d  t a b l e s  f o r  compartments o r  o t h e r  smal l  subdiv is ions  

on a f o r e s t ,  permi ts  a n  eva lua t ion  of budwom hazard, 

A t e n t a t i v e  s c a l e  of va lues  was s e t  up, showing degrees of  haz- 

a r d  be l i eved  t o  correspond w i t h  t h e  numerical r a t i n g s :  

Hazard c l a s s  . V u l n e r a b i l i t y  r a t i n g  

LOIV 20 t o  99 
Medium 100 t o  249 
High 250 o r  more 



The Method 

This formula i s  app l i ed  as fol lows t o  develop t h e  map: 

1. Eliminate  a l l  non-hazard a r e a s  from cons ide ra t ion  ( a s  i n  1. , p. 5 ) .  

2. Using t h e  t a l l y  f o r  each c r u i s e  p l o t ,  compute t h e  b a s a l  a r e a ,  i n  

square  inches ,  of t h e  average f i r .  This  can  be done q u i c i l y  by 

f i r s t  p repa r ing  f o r  r e f e rence  a t a b l e  showing b a s a l  a r e a  i n  square  

inches  by diameter  c l a s s e s  f o r  d i f f e r e n t  numbers of t rees .  

3 .  Mult ip ly  t h i s  average BA by t h e  g ros s  volume of  f i r  p e r  a c r e  on t h  

same p l o t ,  e n t e r i n g  t h e  product  ( v u l n e r a b i l i t y  r a t i n g )  on t h e  map 

bes ide  t h e  p l o t .  

4. C l a s s i f y  t h e  s t ands  i n t o  high, medium, o r  low hazard by grouping 

c r u i s e  p l o t s  accord ing  t o  t h e  fo l lowing  s c a l e :  

Hazard c l a s s  Vu lne rab i l i t y  r a t i n g  

Low 
Me d i  urn 
High 

As i n  t h e  other.method descr ibed  above, group no fewer t han  t h r e e  

p l o t s  and des igna te  no a r e a  sma l l e r  than  50 ac'res a s  a s e p a r a t e  hazard 

zone, and d i s r e g a r d  occas iona l  p l o t s  whose r a t i n g s  a r e  more than  o r  l e s s  

t han  t h e  c l a s s  of t hose  o f  t h e  surrounding a r e a .  Use t h e  same guides 

as f o r  t h e  f i r s t  method, Re la t ive  degree of hazard can be emphasized 

by averaging  t h e  r a t i n g s  f o r  i n d i v i d u a l  p l o t s  w i t h i n  each hazard zone 

( f i g .  2 ) .  



A PLAN FOR TKE SMAL,L WOODLOT 

For  t h e  small woodlot owner, o r  t h e  t imberland owner whose map 

and c r u i s e  da t a  a r e  inadequate  f o r  making a hazard c l a s s i f i c a t i o n  by 

e i t h e r  of  t h e  two above methods, a reconnaissance of t h e  a r e a  from t h e  

ground i s  t h e  b e s t  p r a c t i c a l  way t o  s e g r u g a t e ' t h e  s t ands  most l i k e l y * t o  

be k i l l e d .  

The farmer wi th  l e s s  than  a few hundred a c r e s  can s i z e  up h i s  

woodlot by c r i s s - c r o s s i n g  it s e v e r a l  t imes .  With ownerships running 

i n t o  thousands o f  a c r e s ,  however, i t  i s  b e s t  t o  use a compass and make 

a rough ske t ch  map as t h e  reconnaissadce progresse:;. I n  such c a s e s ,  

l i n e s  should be run p a r a l l e l  t o  each o t h e r ,  and p re fe rab ly  no t  more t h a n  

one-half mi le  a p a r t .  

C l a s s i f i c a t i o n  by t h i s  method should be based l a r g e l y  upon t h e  

f 011-owing guides : 

1. Areas r ep re sen t ing  no budworm hazard.--Pure o r  almost pure hardwood 

s tands ,  r ecen t  c u t t i n g s  and burns,  ceda r  swamps, black spruce and 

tamarack bogs, l edges ,  c l e a r e d  land ,  s t u n t e d  softwoods a t  high 

e l eva t ions ,  pure o r  almost pure p ine  stan'ds, young second growth 

(nonoperable),  and any .o ther  s t ands  where t h e r e  i s  l e s s  than  one- 

h a l f  cord  of f i r  p e r  a c r e ,  except  pure  spruce s t ands  a s  noted  

below. 

2. Areas r e p r e s e n t i n g  low budwormmhazird. --Where t h e  f i r  i s  r a t h e r  

widely spaced and in te rmixed  wi th  o t h e r  softwoods and hardwoods, 

and where it i s  gene ra l ly  young and vigorous;  pure s t ands  of spruce 

(except  l a r g e ,  overmature spruce) ;  and any o t h e r  s tands  where t h e r e  

i s  more than  one-half cord of f i r  per  a c r e  b u t  l e s s  than 2 cords.  

3. Areas r ep re sen t ing  medium budwom hazard. - -Immature, f a i r l y  

vigorous,  pure s t ands  of  f i r ,  o r  mature s p r u c e - f i r  mixtures  w i t h  

up t o  50 o r  60 pe rcen t  f i r  (no t  overmature);  s t ands  con ta in ing  

' l a rge ,  overmature f i r  widely spaced o r  i n  s c a t t e r e d  groups; pure 

s tands  of l a r g e ,  ovennature spruce i f  such s t ands  a r e  i n  excess  of  
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SOME TRIAL APPLICATIONS 

The e f f e c t i v e n e s s  of any system of  eva lua t ing  bud~$or.r~~ rldzar-u WLJ 

depend p r i m a r i l y  on t h e  u l t ima te  soundness of t h e  assumption t h a t  balse 

f i r  i s  more vu lne rab le  t o  budworm a t t a c k  than  spruce.  Entomological 

s t u d i e s  i n  Canada and i n  t h e  Adirondack a t e ,  wk l u s ive ,  

i n d i c a t e  t h a t  t h e  assumption i s  a s a f e  It car m c l u s -  

i ve ly  only by examining s t a n d s  p rev ious ly  c l a s s i f i e c  i s  method, 

i f t e r  t hey  have been sub jec t ed  t o  a budworm i n f e s t a t  The r e l a t i v e  

legree of m o r t a l i t y  w i l l  r e f u t e  o r  suppor t  t h e  the01 

But, assuming t h a t  t h e  p r i n c i p l e  i s  sound, t h e  e r r e c t i v e n e s s  o r  

i t s  p r a c t i c a l  a p p l i c a t i o n  w i l l  depend a t h e  speed and r e l i a b i l i t y  

w i t h  which s tands  can be c l a s s i f i e d  and d, This ,  of course,  could 

1: e d  by apply ing  t h e  ; t o  a number o f  san ands . ,e t e s t  method: 

I. Hazard Map From F i e l d  Check 

One approach was t o  c l a s s i f y  andemap a n  a r e a  from a c t u a l  observ- 

a t i o n  of s t a n d  condi t ions  on t h e  ground, and comparc t s  wit1 

of  t h e  same a r e a  made un from c r u i s e  d a t a  a lone .  l r ~ ~ s  p r o j e c t  I 

: a r r i ed  o u t  o! l i p ,  on :nobsco 

: r e s u l  
71-2 - 

n a map 

Mas --- - 

t h e  PC rned by 



F i b r e  Company, i n  c e n t r a l  Maine. This township embraces about  20,000 

a c r e s  of  f o r e s t e d  land.  

A two-man crew made a reconnaissance of t h e  t r a c t  by running 

obse rva t ion  l i n e s  averaging  one-half mi le  a p a r t ,  and e i t h e r  between o r  

perpendicular  t o  p rev ious ly  e s t a b l i s h e d  company c r u i s e  l i n e s .  Timber- 

management maps had been provided by t h e  company. . Divis ion  of  t h e  a r e a  

i n t o  types  and compartments, and f u r t h e r  subdiv is ions  by means of 

s t reams,  r i dge  l i n e s ,  and o t h e r  topographic f e a t u r e s ,  made it p o s s i b l e  

t o  c l a s s i f y  and map p o r t i o n s  of t h e  a r e a  a s  small  a s  50 a c r e s  without  

d i f f i c u l t y .  The map a l s o  showed c r u i s e  l i n e s  w i t h  per-acre volume of 

f i r  f o r  each p l o t .  

Rapid eva lua t ion  of  s t ands  could  be made r e a d i l y  from observa t ion  

s i n c e  only  t h e  balsam f i r  component of t h e  s t a n d  had t o  be considered,  

and s i n c e  no a t tempt  was be ing  made t o  r a t e  each compartment o r  type  

numerical ly ,  bu t  merely t o  c l a s s i f y  it as low, medium, o r  high hazard. 

C l a s s i f i c a t i o n  of s t ands  was made l a r g e l y  on t h e  b a s i s  of t h e  

o b s e r v e r ' s  judgment about t h e  degree t o  rihich cond i t i ons  were favorable  

f o r  t h e  build-up of a heavy budwom popula t ion ,  and t h e  probable 

l i a b i l i t y  of t h e  s t a n d  t o  damage, i . e . ,  k i l l i n g ,  permanent weakening, o r  

slowing up of growth r a t e s  of spruce and f i r .  I n  both cons ide ra t ions  

t h e  pr imary elements were d e n s i t y  of s t o c k i n g  of f i r  and i t s  average 

s i z e .  Where t h e r e  was doubt a s  t o  whether a p a r t i c u l a r  s t and  was low 

o r  medium, o r  medium o r  high, a t a l l y  of f i r  by diameter  c l a s s e s  on 

s e v e r a l  l / l0 -acre  p l o t s  could be made qu ick ly  and t h e  a c t u a l  r a t i n g  

c a l c u l a t e d .  I n  some cases--for example, a young, vigorous s t and  of 

nea r ly  pure balsam f i r - - t he  s u s c e p t i b i l i t y  t o  a budworm build-up may be 

f a i r l y  high, bu t  t h e  r e s i s t a n c e  of t h e  s t a n d  t o  s e r i o u s  damage i s  a l s o  

expected t o  be f a i r l y  good because of t h e  s t a n d ' s  r a p i d  growth. 

A s  t h e  s tudy  progressed,  it was noted t h a t  a f o u r t h  c l a s s i f i c -  

a t i o n  was needed. I n  pure  o r  almost pure hardwood s t ands ,  brushy 

a r e a s ,  r e c e n t  burns,  aqd c l e a r e d  a r e a s ,  t h e r e  was~obv ious ly  no hazard 

s i n c e  t h e r e  n o t  on ly  w a s  no f i r ,  bu t  a l s o  no spruce;  s o  t h e r e  could be 

no conceivable  damage. This  c l a s s i f i c a t i o n  w a s  used i n  p repa r ing  



Figure 1.--Budworm vulnerab i l i ty  map f o r  Willimantic Township, Maine. 
A f i e l d  survey was used i n  preparing this map. 



b 

t h e  map. 

The fo l lowing  d e s c r i p t i v e  s c a l e  was used a s  a guide i n  c l a s s i f y -  

i n g  s t ands  by 'degree of budworm hazard: 

Low hazard.--hlere t h e  f i r  w a s  r a t h e r  widely spaced and i n t e r -  

mixed w i t h  o t h e r  softwoods and hardwoods, and where balsam f i r  on t h e  

whole w a s  young and vigorous.  Pure s t a n d s  of spruce were p laced  i n  

this category.  

Medium hazard.--Immature, f a i r l y  vigorous,  pure  s t ands  of balsam 

f i r ;  o r  sp ruce - f i r  s t a n d s  wi th  up t o  50 o r  60 pe rcen t  f i r  (not  over- . 

mature).  Also, s t ands  con ta in ing  l a r g e  overmature f i r  widely spaced 

o r  i n  s c a t t e r e d  groups, D r  in termixed wi th  o t h e r  softwoods and hard-- 

woods. 

High hazard.--Heavy s t ands  o f  mature a.nd overmature f i r ,  some- 

t imes i n  pure s tands .  Inc ludes  pure ,  dense s t ands  of small  bu t  s tag-  

na ted  f i r  where such s t ands  a r e  of 20 a c r e s  o r  more i n  ex t en t .  Also, 

mix tures  of spruce and f i r  wi th  l a r g e  numbers of "spire--topped" f i r .  

Following t h e  f i e l d  survey, which took 26 man-days , inc luding  

necessary  o f f i c e  work, t h e  numerical r a t i n g  of e a c h - a r e a  was ca l cu la t ed  

by us ing  t h e  company c r u i s e  d a t a  and apply ing  t h e  formula p rev ious ly  

mentioned. , The hazard r a t i n g  c a l c u l a t e d  i n  t h i s  manner was checke,d 

a g a i n s t  t h e  hazard c l a s s i f i c a t i o n  given each a r e a  i n  t h e  f i e l d .  

I n  n e a r l y  a l l  cases ,  a r e a s  t h a t  had been des igna ted  as low 

hazard were found t o  have r a t i n g s  between 20 and 100, medium-hazard 

s tands .be tween 100 and 250, and high-hazard s t ands  250 o r  more. These 

a r e  s m l a r  t o  t hose  o r i g i n a l l y  ou t l i ned ,  t h e  only  change be ing  t h e  

i n c l u s i o n  of a "no-hazardn c l a s s  and t h e  reduct ion  of t h e  lower limit 

of t h e  high-hazard c l a s s  from 300 t o  250. The s c a l e  of hazard c l a s s e s  

and corresponding v u l n e r a b i l i t y  r a t i n g s  was ad jus t ed  accordingly.  . 

The f i n a l  map, almost i d e n t i c a l  t o  t h e  o r i g i n a l  f i e l d  map, i s  shown 

i n  f i g u r e  1'. 

It i s  recognized t h a t  on a p r a c t i c a l  b a s i s  t h e  time requi red  t o  



nan anc prepare  t h i s  map might be reduced t o  1 0  man-days E ~g one I 

e l i m i n a t i n g  some of  t h e  o f f i c e  work t h a t  was necessary  on t h i s  exper- 

imenta l  p r o j e c t .  The ques t ion  immediately a r i s e s ,  however, about 

p o s s i b l e  means of working ou t  a s i m i l a r  map without  t h e  need of p u t t i  

a man i n  t h e  f i e l d ,  The advantages of such a procedure a r e  obvious, 

and a t t e n t i o n  was tu rned  toward u t i l i z i n g  c r u i s e  da t a  t h a t  most indu: 

t r i a l  landowners i n  t h e  reg ion  main ta in ,  

11. Hazard Hap From V u l n e r a b i l i t y  Formula 

P a r t s  of  two townships owned j o i n t l y  by t h e  Great  Northern Pa& 

Company and t h e  I n t e r n a t i o n a l  Paper  Company, r e p r e s e n t i n g  approximate 

24,000 a c r e s ,  were s e l e c t e d  f o r  t h i s  experiment.  This  a r e a  (T 6, R 

and T 6, R l l ) ,  l o c a t e d  i n  extreme nor thern  Maine, i s  t h e  south  h a l f  

what i s  commonly c a l l e d  Allagash P l a n t a t i o n .  F o r  convenience, t h e  

p o r t i o n  of  t h e  t r a c t  t h a t  was mapped w i l l  be r e f e r r e d  t o  a s  t h e  Allagash 

t r a c t .  

I n  prepar ing  t h e  hazard map f o r  t h i s  t r a c t ,  t h e  method was t h e  

simple b u t  time-consuming procedure of c a l c u l a t i n g  t h e  a c t u a l  vulnera 

b i l i t y  r a t i n g s  of  t h e  1,005 c r u i s e  p l o t s  i n  t h e  t r a c t .  From company 

c r u i s e  d a t a  showing number of f i r  by diameter  c l a s s  and gross  f i r  

volume5 f o r  each p l o t ,  r a t i n g s  were computed by means of WestveldQs 

formula. 

A f t e r  t h e  v u l n e r a b i l i t y  r a t i n g s  had been computed, t hey  were 

p l o t t e d  a s  a map s c a l e d  a t  4 inches t o  1 mile .  This map was a t r a c i  

o f  t h e  usua l  company opera t ions  map showing roads ,  t imber  types ,  c r u i  

l i n e s  and p l o t s ,  and topographic f e a t u r e s .  The p l o t t e d  v u l n e r a b i l i t  
- 

r a t i n g s  made a s e r i e s  of l i n e s  of e n t r i e s  somewhat s i m i l a r  t o  l e v e l  

no te s  of a topographic survey. 

' ~ t  i s  e s s e n t i a l  t h a t  - n e t  volume, u s u a l l y  given i n  c r u i s e  summar- 
i e s  and r e p r e s e n t i n g  a c e r t a i n  deduct ioq f o r  c u l l ,  be converted t o  o r ig -  
i n a l  g ros s  volume, because bud-vorm hazard i s  j u s t  a s  g r e a t  ( i n  f a c t ,  
o f t e n  g r e a t e r )  f o r  a d e f e c t i v e  f i r  a s  f o r  a sound one. 



,,,are 2,--Budv~orm vulnerability map showing c l a s s i f i c a t i o n  o f  s tands  
on vasis of computed v u l n e r a b i l i t y  r a t i n g ,  



I n  somewhat t h e  same manner as contour  l i n e s  a r e  drawn, a r e a s  o. 

similar degree of  hazard were enclosed.  Lines were drawn aroun 

of p l o t s  having v u l n e r a b i l i t y  r a t i n g s  i n  t h e  same class--- i -e . ,  C 

f o r  no hazard, 20 t o  99 f o r  low hazard, and so  on, A smal l  p o r t i o n  o 

t h i s  map i s  shown i n  d e t a i l  i n  f i g u r e  2. No a t tempt  was made t o  make 

hazard zone o u t  of  fewer t han  t h r e e  p l o t s ,  and usua l ly  no fewer t han  f: 

o r  s ix were segregated.  Where l a r g e  a r e a s ,  o f t e n  a s  l a r g e  a s  s e v e r a l  

hundred a c r e s ,  were obvious ly  i n  t h e  same hazard c l a s s ,  i n d i v i d u a l  plo.  

i n  t h e  a r e a  having h ighe r  o r  lower r a t i n g s  were ignored.  

There were some ques t ionab le  a r e a s  where a l t e r n a t i n g  p l o t s  d o n i  

a c r u i s e  l i n e  o r  on ad jacen t  c r u i s e  l i n e s  were i n  d i f f e r e n t  hazard 

c l a s s e s ,  and i t  appeared t h a t  a s t a n d  might w e l l  be i n  e i t h e r  c l a s s .  : 
such cases  cons ide ra t ion  ofvtlipd l i n e s  and topographic f e a t u r e s  o f t e n  

ive  

reso lved  t h e  mat te r .  I f  it were a ques t ion  between medium and low 

hazard, t h e  s t and  might be found t o  l i e  a long  a r i dge  o r  i n  a n  a r e a  

broadly typed a s  hardwood. It was t h e n  c l a s s i f i e d  a s  low 'hazard. 01 
, 

t h e  o t h e r  hand, i f  it w a s  found t o  run heav i ly  t o  spruce o r  t o  l i e  a101 

a stream, it was given ' t he  h ighe r  hazard des igna t ion .  I n  doubt fu l  

c a s i s  it was f r e q u e n t l y  found , d e s i r a b l e  t o  check back on t h e  o r i g i n a l  

c r u i s e  d a t a  of t h e  p l o t s  involved.  I f  t h e  s t a n d  of spruce and f i r  

seemed t o  c o n s i s t  of l a r g e  t r e e s  and appeared t o  be mature o r  o v e m t u i  

it was c l a s s i f i e d  a t  t h e  h igher  l e v e l  o f  hazard. But i f  t h e  spruce ar 

f i r  seemed most ly smal l  t r e e s ,  and t h e  s t a n d  appa ren t ly  young, it w a s  

marked down. 

I n  dec id ing  upon t h e  p r e c i s e  course  t h a t  any l i n e  enc los ing  a 

,hazard  a r e a  would t ake ,  judgment occas iona l ly  had t o  be supported by 

imaginat icn.  Frequent ly  t h e  l i n e  l o g i c a l l y  followed a type l i n e ,  bu t  

a s  o f t e n  a s  n o t  a s i n g l e  type  was sp1i . t  i n t o  two d i f f e r e n t  hazard zone: 

I n  such cases ,  t h e  l i n e s  were 'drawn ha l f  way between c r u i s e  p l o t s  o r  

c r u i s e  l i n e s  where t h e  change i n  hazard seemed t o  occur.  S ince  c r u i s e  

l i n e s  were a q u a r t e r  of a mi le  a p a r t  and p l o t s  were spaced every 1 0  

cha ins ,  more d i f f i c u l t y  was encountered i n  dec id ing  upon t h e  p o s i t i o n  ( 

boundaries running p a r a l l e l  t o  c r u i s e  l i n e s .  However, i f  s i g n i  
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Figure 3.---Budworm vulnerability map showing ~lassification of stand: 
on basis of volume of fir p e r  acre by ( plots. 



Hazard v u ~ n e r a b i l i t y  Gross volumt 
c l a s s  r a t i n g  f i r  pe r  acl 

Cords 

None 0 t o  1 9  0.00 t o  0.49 
Low 20 t o  99 050 t o  1.99 
Medium 100 t o  249 2.00 t o  3.99 
High 250 o r  more 4,00 o r  more 

Coincidence of p l o t s  f a l l i n g  i n  t h e  same v u l n e r a b i l i t y  r a t i n g  

group and f i r  volume group occurred i n  87 percent  of t h e  cases. This  

would seem t o  i n d i c a t e  t h a t  volume of f i r  i s  of much g r e a t e r  importance 

i n  determining degree of hazard. than i s  average s i z e .  Actual ly i t  i s  

not  so  much a mat ter  of r e l a t i v e  importance a s  it i s  d i f f e rence  i n  range 

of values.  This can be r ead i ly  understood by cons ider ing  t h e  r e l a t i v e  

range i n  va lues  of t h e  two components of the  v u l n e r a b i l i t y  r a t i n g  i t s e l f  

--average b a s a l  a r e a  and volume pe r  ac re  of t h e  fir---on d i f f e r e n t  a reas .  

The fol lowing t a b u l a t i o n  shows t h e  extremes encountered on the  1,00 

c r u i s e  p l o t s  considered i n  this study,  and t h e  d i f f e rence  i n  r a t i o  

maximum t o  minimum values.  

Itein Maximum Minimum Ratio 

Average basa l  a rea ,  i n  square 120.1 28,2 4 : l  inches  

Average d.b.h, corresponding 12.4 6,0 -- 
t o  above basa l  a r e a ,  i n  inches  

Volume pe r  a c r e ,  i n  cords 19,81 0,16 124 : 1 

\ Number of t r e e s  p e r  a c r e  180 5 -- 
corresponding t o  above volume 

Thus, t he  f a c t  t h a t  t h e  poss ib le  range i n  number of t r e e s  i s  so 

much wider than  t h e  poss ib le  range i n  s i z e  r e s u l t s  i n  t h e  former ex 

i n g  a much g r e a t e r  inf luence  upon t h e  range i n  v u l n e r a b i l i t y  r a t i n g  

s r e l a t i o n s h i p  expla ins  and j u s t i f i e s  t h e  use of volume of f i r  a lone 

a n  index of budworm hazard. 

Thi 

a S 



A company ope : volune of f j  

:ruise p lo t  was used f o r  the  t e s t .  m e  sca le  of f i r  volu 

s map : ir per  acre  ft 

me per  

c ompsi 

3r each 

acre  

:orresponding t o  budworm hazard had t o  be adjusted because X Y  

records showed volume a f t e r  deduction f o r  cu l l ,  i n  t h i s  case 25 pel 

cent. But ra ther  than r a i s e  the volume f igures  on each p lo t  on the 

map, the  volumes representing budworm hazard were lowered correspond- 

ingly  so t h a t  areas whose c ru i se  p lo t s  averaged l e s s  than 0.38 cord of 

f i r  per  acre  represented no hazard. Up t o  1.5 cords per  ac re  repres- 

ented low hazard, medium hazard included stands having between 1 .5  and 

3.0 cords of f i r ,  and anything over 3.0 cords was considered high hazar 

From there  on the  procedure was the  same a s  t ha t  jus t  described: 

groups of p lo t s  having volumes of f i r  representing s imi la r  hazard 

c lasses  were enclosed by connecting l i ne s .  As i n  the  previous method, 

questionable areas  were c l a s s i f i e d  a f t e r  due consideration of topo- 

graphic features ,  type, and stand make-up on component p lo t s .  This map 

( f ig .  3) was completed i n  1 man-day. 

The map was then superimposed on the  map prepared with thc 

previous method, and the  port ions of the  two t h a t  agreed were outl ined 

and colored i n  on a t h i r d  map. This was divided i n t o  12 pa r t s  ( 

approximately 2,000 acres each. The amount of colored area  was currl- 

puted and expressed a s  a percent of t h e  t o t a l .  The r e su l t s  varied 

from a minimum of 66 percent agreement t o  a maximum of 82 percent, and 

;he average fo r  the  e n t i r e  t r a c t  was 74 percent. Considering t ha t  

iccuracy i s  lowered by only 26 percent while time required t o  prepare 

the map was reduced by 93 percent, i t  seems tha t  the shortened systen 

3f c l a s s i f i c a t i on ,  depending a s  i t  does upon volume of f i r  only, shoulc 

)rove adequate. 

It should be kept well i n  mind t ha t  among a number of areas o r  

stands c l a s s i f i ed  a s  "high hazard" there w i l l  be a considerable range i 

r isk involved. I n  one case there  may be 5 cords of f i r  and 1 cord of 

of f i r  spruce per  acre ;  another high-hazard stand may a l so  have 5 

3ut 7 cords of spruce. Obviously the  l a t t e r  represents a 

r i s k  than the  former and should be given higher p r i o r i t y  i 
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