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NORTHEASTERN FOREST EXPERIMENT STATIW 

Tzlends Of Paper And Paperboard Production 

It would ce r t a in ly  be d i f f i c u l t  t o  think of any subject  &re h- 
por tan t  t o  t h e  paper and paperboard industry  of New York S t a t e  than 
"Conservation of Materials". 

A s  a preliminary t o  discussing t h e  wood-supply s i t u a t i o n  i n  New 
t a t e ,  we want t o  review b r i e f l y  some general trends i n  t he  devel- 

Of  course it i s  a well-known f a c t  t h a t  New York S t a t e  leads  a l l  



PRODUCTION OF WOO0 PULP AND PAPER AND 
PAERBOARD IN NEW YORN STATE , 1925-47 

!mowrrnt 

PAPER 8 MPER[YIID =I & 

0 l . . . . l . . . . I B  I .  I 
ISZS ISSO 1939 lW40 4 IS47 

1 -. -, ,-,-_-J. ~ c t i o n  of paper and paperb2ard i s  on the  in-  
crease,  wood pulp output l ags  far behidd wood 
pulp consumption. 

board by New York mills--except f o r  the  three  depression years 1 9 3 2 - 3 4 ~  
has been wel l  above t h e  1-million-ton level .  Since 1940 t h e  output has 
kdan mn- +.hnn 1 & mil l ion tons a n n u l l y .  I n  1947 it was 1,849,873 tons u G = L .  A&&"*" "..--a -'= 
( f ig .  1 ) .  
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sounder than i t s  basic source of raw materials .  

I n  t h e  production of wood pulp t he  pos i t ion  of leading S ta te  
passed from New York t o  Haine about 1914. I n  1928, Wisconsin a l so  forged 
ahead of N e w  York. Washington passed i n t o  t h i s  company i n  1931. By.1939 
Louisiana was a l so  producing more wood pulp than was coming f ron  bhami l l  
of New York, 

The current  production of t h e  New York pulp mills i s  just  under 
t h e  650,000-ton leve l ,  having declined from twice t h a t  amount of annual 
output i n  t h e  decade p r i o r  t o  1921. Not f o r  many years has i t  been 



possible f o r  the  output of New Yorkss pulp mi l l s  t o  come w i t h i r !  c lose  
range of t h e  consumption of wood pulp by t h e  paper and paperboard mi l l s .  
The net d e f i c i t  i n  recent years has been 400,000 t o  500,000 tons-- 
481,692 tons i n  1947 ( f ig .  1 ) .  The ac tua l  wood-pulp d e f i c i t  i s  somewhat 

) more than t h i s  because a considerable tonnage of the  pulp manufactured 
i n  New York S t a t e  f inds  i t s  way i n t o  nonpaper prodacts, and thus some 
pulp i s  d iver ted  from the  paper mills. 

The Sources Of Fibrous Material 

But t h i s  wood-pulp d e f i c i t  does not t e l l  the  whole story.  For 
years t h e  New Tork pulp mills have been drawing heavily upon Canada 

subs tan t ia l  pa r t  of t h e i r  pulpwood supply. 

The New York S t a t e  Division of Cownerce has estimated t h a t  even a s  
as 1904 some 40 percent of t he  pulpwood consumed i n  New Pork came 
anada. I n  1939, t h i s  same agency estimated, some 47 percent of t h e  

wood consumed i n  New York came from Canada, and an addi t ional  17  per- 

The more recent s i t ua t i on  with regard t o  the  sources of f ibrous 
materials consumed by t he  paper and paperboard mills i s  graphical ly  i l l u s -  
+-ated i n  f igure  2--based pr inc ipa l ly  on Bureau of t h e  Census information 

Ir1947. That year a t o t a l  of 2,002,346 tons of f ibrous mater ia ls  was 
u*d. Of t h i s  t o t a l ,  1,127,647 tons were i n  t he  form of v i r g i n  wood 

t~$~p--composed sf some &5,955 net  tons t h a t  were made within  New York 
State and 481,692 ne t  tons t h a t  were brought i n  from other  S t a t e s  and' 
foreign countries.  

Along with t h i s  v i rg in  wood pulp, t h e  mills used 874,699 tons of 
waste-paper pulp and nonwood f i b e r  such as rags and stgaw. 

i. 

I 

2 ~ e w  York S t a t e  Division of Commerce. The Pulp and Paper Indus- 
t r i e s  of New York Sta te .  p. 13. Albany. 1942. 
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Figure 2.--Only a small pa r t  of t h e  f ibrous  mater ia l  comes 
b from New Yorkfs fo res t s .  

The 646 thousand tons of wood pulp t h a t  were manufactured wi thin  
New York S t a t e  can be a l loca ted  roughly according t o  the  sources of t h e  
pulpwood from which it was  made. Unpublished information from the  War 
Production Board ind ica tes  t h a t  i n  194.4 some 43 percent of t h e  pulpwood 
received a t  New York pulp mills came from Canada. It seems ra ther  un- 
l i k e l y  t h a t  conditions changed very rad ica l ly  between 1944 and 1947. On 
t h e  bas i s  of t h i s  supposition, it i s  estimated t h a t  about 43 percent of 
t h e  pulpwood consumed by t h e  New York mi l l s  i n  1947 came from Canada. It 
a l s o  seems sa f e  t o  est imate t h a t  15  percent of t h e  pulpwood consumed 
came i n t o  New York from neighboring States--chiefly Vemont and New 
Hampshire. The remaining 42 percent of t h e  pulpwood consumed was, ve 
probably, about t he  volume drawn from New Yorkr s fo res t s .  

I n  terms of pulpwood volume, t h e  wood used i n  t he  making of p 
i n  t he  mills i n  New York S t a t e  i n  1947 amounted t o  884,025 cords, 
this, 380,000 came from Canada, 134,000 came from neighboring Sta tes ,  
and 370,000 came.from New Yorkls own f o r e s t s .  The pulpwood equivalent 
of t h e  manufactured pulp t h a t  was obtained from outside New York S t a t e  
would add up t o  about 665,000 cords-making t he  t o t a l  pulpwood equiva- 
l e n t  of a l l  t he  wood pulp t h a t  was consumed i n  t h e  making of paper and 
paperboard not l e s s  than 1,549,000 cords. 
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Balance t h i s  whopping f igure  aga ins t  370,000 cords t h a t  came out  
of New YorkYs own fo re s t s  and you can read i ly  see t h a t  conservation of 
m t e r i a l s  i s  a v i t a l  matter t o  the  pulp and paper industr ies  of t he  

-@ire  S ta te .  

Estimates Of The Wood-Supply S i tua t ion  

I n  considering New YorkY s wood-supply s i tua t ion ,  and espec ia l ly  
t h e  wood su i t ab l e  f o r  pulping, we are grea t l y  handicapped by the  lack of 
forest-survey information. This w i l l  not be t he  case a year o r  two hence 
because t h e  Northeastern Forest Experiment S t a t i on  ( i n  cooperation with 
t h e  S t a t e  Department of Conservation) i s  now engaged i n  making a fo r e s t  
survey of t h e  e n t i r e  S ta te .  About 30 percent of t h e  f i e l d  work has been 
completed. S t a t i s t i c a l  reports  f o r  groups of counties on f o r e s t  acreage, 
h i m h e r  v o l u m e s ,  and on other  a s ~ e c t s  of t h e  fo r e s t  s i t ua t i on  w i l l  be 
ava i lab le  before very long. 

Meanwhile, the  wood-supply s i t u a t i o n  i n  New York S ta te  can be 
described onlv bv r e so r t i nn . t o  a s e t  of est imates t ha t  were made by t h e  

-Fores t  Service i n  1945 a s  par t  of i t s  Nation-wide llreappraisai'lBstudies. 
These estimates, i n  S t a t e s  l i k e  New York, which has not ye t  been covered 
by the  f o r e s t  survey, a r e  subject  t o  a considerable margin of e r ro r .  
This should be kept i n  mind constantly when considering the  f igures  we 
e i + n  e 

Extent Of The Forest  Land 
% 

The t o t a l  land a rea  of New York S t a t e  adds up t o  about 30.7 mil- 
l i o n  acres. Of this, about W, percent, o r  13.5 mil l ion acres,  i s  fo r e s t  
land. But of t h i s  t o t a l  fo res t  acreage, some 2.4 mil l ion acres--largely 
Within t h e  S t a t e  Forest  Preserves--are not  avai lable  fo r  commercial th- 
ber cut t ing,  This leaves 11.1 mi l l ion  ac r e s  t h a t  can be ,massed as com- 
mercial f o r e s t  land. . 



acres 

Farm woodland 3.6 32 

Total pr ivate  10.3 92 

Public . .8 8 

Grand t o t a l  11.1 100 
\ 

l i  The basic pattern i s  one of privately owned lands, with 32 percent of t 
~nf arm pr iva t  e hol 

ings. There are not large indus t r ia l  holdings l i k e  those t h a t  are 
common i n  northern New England, i n  the South, and i n  the West. The acr  
age heltl, by pulp companies i s  relat ively small--660,000 acres. Only fa 
companies have holdings tha t  exceed 100,000 acres, The bulk of the 
800,000 acres of public commercial fores t  land i s  owned by the State-- 
m o r e  than half i n  reforestation lands t h a t  a re  on the way t o  restored 

The dis t r ibut ion of t h i s  commercial fores t  acreage by principal 
types of awnership i s  about a s  follows: 

Million Percent 

t o t a l  co&rcial acreage i n  farms a id  60 percent i n  

w - 

OlSTRlBUTlON OF FOREST LAND 
BY SIZE- CLASS OF TIMBER 

saw TIMBER 
STAND 

MILL K1W 
AEms 

IAWIW.TIYBLR A R U I  8.4 
CgLCgTlrYICR AR16AI L.0 
8KCDLIWQ 6 wLlm I .I 
POORLY STOCI(I0 I ,b 

7 

TOTAL I I  .I  

i .  -f ;!I Fimre  3.--About hzlf the  acreage i s  i n  youw timber. 



Character Of The Forest  Growth 

It i s  customary t o  c l a s s i f y  f o r e s t  lands  according t o  the  s ize  of 
$rees i n  t he  timber stands t h a t  they bear. To c l a s s i f y  a s  a saw-timber 

-stand, an  a rea  must have an average timber volume of a t  l e a s t  2,000 board 
I e e t  per  ac re  i n  softwood t r e e s  t ha t  a r e  9 inches o r  l a rge r  i n  diameter 
at breas t  height3, and i n  hardwood t r e e s  t h a t  a r e  11 inches and larger .  
On t h e  basis  of t h i s  cri$erion,  t he  saw-timber a rea  i n  New York S t a t e  
adds up t o  about 5.4 mi l l ion  acres--sl ightly l e s s  than 49 percent of t he  
total commercial f o r e s t  acreage. 

STOCKING CONDITION ON 
COMMERCIAL FOREST LANDS 

MILL ION 
ACRES 

WELL STOCKED 3.5 '4. 
PARTIALLY STOCHED 4.9 
POORLY STOCKED t -9 - 

TOTAL 11.1 

Figure &.--Inadequate stocking i s  a c r i t i c a l  problem. 

Pole-timber stands a r e  defined a s  those t h a t  have t r e e s  too small 
Bnd i n  i n s u f f i c i e n t  volume t o  c l a s s i f y  as saw-timber. A minimum t r e e  
s i ze  of 5 inches diameter a t  breast  height and a minimum v o A ~ e  of 2 
cords per  ac re  a r e  t he  lower limits of the  pole-timber c l a s s i f i c a t i on ,  New 

- York S t a t e  has about 2.6 mil l ion acres  t h a t  f a l l  i n  t h i s  pole-timber cate- 

 his measurement i s  taken 4h f e e t  above average ground level .  



Seedling and sap l ing  stands occupy about 1.6 mi l l ion  ac res  of t@s 
commercial f o r e s t  land. The remaining 1.5 mil l ion acres  a r e  i n  a poorlgg 
stocked o r  denuded condition. The over-all p ic tu re  i s  shown graphica l ly  
i n  f igure  3* 

1 

This c l%ssif ieat ion of f o r e s t  land by s i ze  of t r e e s  does not, of 
course, t e l l  t h e  whole story.  The matter  of stocking i s  highly important. 
Here t he  p i c tu r e  i s  a ra ther  sad one ( f ig .  4). O d y  about 29 percent of 
the  comerc i a l  f o r e s t  land, regardless of the  s i z e  of t r e e s  t h a t  i t  bears, 
i s  wel l  stocked. About 45 percent i s  p a r t i a l l y  s t ~ c k e d .  Some 26 percent 
i s  poorly stocked; hence it i s  at  a very low l e v e l  of productivity.  

Estimates Of The-Ember -- Volume I n  The Exis t ing Stand 

a r e  bigger, and hardmood volume est imates .include a 
limb wood. 

8 

Over-all estimates of timber volume a r e  usual ly  expressed i n  terms 
of cubic f ee t ,  solid-wood basis .  The pulp and paper industry,  however, 
usually3.thinks of wood volume i n  terms of t he  standard rough-wood cord of 
&-foot bo l t s ,  stacked 4 f e e t  high and 8 f e e t  long. Although this u n i t  
occupies a space of about 128 cubic f e e t ,  t h e  solid-wood content i s  much 
l e s s  than 128 cubic f ee t .  

Conversions of cubic f ee t  s o l i d  wood volume t o  cords can be made 
roughly on the  basis  of 78 cubic f e e t  per cord f o r  softwoods and 65 cubic 
f e e t  per cord f o r  hardwoods. The smaller  converting f ac to r  f o r  hardwoods 
i s  due l a rge ly  t o  t he  f a c t  t h a t  the  s t i c k s  a r e  usually more crooked, - knots 

ce r  Ln amount of 

, ,; m i  The t o t a l  volume of timber now standing on New Yorkls commercial 
f o r e s t  land adds up t o  about 140 mi l l i on  cords. Of this t o t a l ,  about 85 
mi l l ion  cords a r e  i n  t r e e s  of saw-timber s ize .  About 55 mil l ion a r e  in, 
t r e e s  of pole-tiEber s ize .  

Breaking t h i s  over-all est imate down s t i l l  fu r ther ,  we f ind  t h a t  
t he r e  a r e  about 33 mil l ion cords i n  t h e  softwood species and 107 m i l l i ~ n  
i n  t he  hardwood o r  broadleaf species. There a re ,  i n  other  words, about 
3 cords of hardwood t o  every cord of softwood. 





Estimates of current  annual timber growth made i n  connection wi 
the  Forest  Serv$ce9s reappraisa l  s tud ies  indicated t h a t  t h e  net  annual - - 
growth i n  t h e  softwood species  amounts t o  about 1.1 mi l l ion  cords, of 

$1 
which 'jQQ,WOiSords a r e  i n  t r e e s  of saw-timber s i z e  and 600,000 a r e  i n  

Translated i n t o  terms of percentage increase of p resen t  growing, . 1 

*" .! stock, the  softwood growth represents a r a t e  of 3.3 percent pe r  year. ;r -3 
The corresponding r a t e  f o r  t h e  hardwood growing stock i s  4.4 percent pe$, 
yearo These r a t e s  a r e  reasonably good. The chief reason f o r  t h e i r  f a i l - *  1 
u r e  t o  x i e l d  the  volume of wood t h a t  i s  needed t r ace s  back t o  s ca r c i t y  -3 

of adequate growing stock--in other  words, t o  t he  run-down condit ion of 
t he  fo r e s t s .  

h - .: 
7 + 

Furthermore, the  growth i s  heavily weighted by hardwoods--4.7 m i l -  4 l i o n  cords a s  against  1.1 mi l l ion  cords of softwood. This a l s o  i s  due i n  
l a rge  p a r t  t o  cu t t ing  prac t ices  t h a t  have allowed hardwoods t o  t ake  over .- 
l a rge  areas  t h a t  formerly bore mixed stands of hardwoods and softwoods. 
This, of course, i s  usual ly  due t o  poor fo r e s t  management. And it i s  =I 
highly detrimental t o  t h e  long-term i n t e r e s t s  of the  pulp and paper in- ,$ 

4 
dustry, which needs a l l  it can get  of t h e  softwood species--part icularly 1 
spruce and f i r  and hemlock. 

Relationship Of Growth And Drain J 

There i s  a tendency i n  many discussions of the fo r e s t ry  problem to 
put too much emphasis on t he  growth-drain re la t ionship  and t o  draw com- 

e r  t he  fo r e s t  lands a r e  growing timber a t  a r a t e  reasonably commensurate - 
with t h e i r  productive capab i l i t i e s ,  and whether such timber i s  of t h e  
species,  s i ze ,  and qua l i t y  needed by t he  dependent wood-using industr ies .  

10 



Softwocd saw timber usually has s broad range of commercial uses 
and f o r  t h a t  reason it i s  under heavy pressure ,  Forests  t h a t  s t i l l  show 
an unfavorable balance of growth and dra in  i n  softwood saw timber a r e  not 
i n  a condit ion t h a t  can give much assurance t o  t h e  pulp and paper industry.  
While it i s  t rue  t h a t  t h e  pulp industry  can u t i l i z e  t r e e s  of less than saw- 
timber s ize ,  it i s  not  very economical t o  do SO. About 60 percent of t h e  
pulpwood cu t  i n  New York i n  1944 came from t r e e s  of saw-timber size.  

The s i t ua t i on  i n  New York S t a t e  i s  by no means t h e  poorest t h a t  
can be found i n  t h e  United S t a t e s ,  o r  even i n  the  Northeast. The over- 
a l l  timber growth does exceed t o t a l  d ra in  by a subs tan t ia l  margin. 

However, f o r  the  most c r i t i c a l  product, t he  softwood timber of 
sawlog s i ze ,  t h e  commodity d ra in  alone exceeds t h e  current  growth by 28 
aercent .  And this does not count add i t iona l  losses  from f i r e ,  insec t s ,  
$nd t r e e  diseases.  I - 

Here i s  t he  condit ion t h a t  s p e l l s  continuing fo r e s t  decadence even 
while t o t a l  timber volume i s  on the  increase.  Careful  analys is  of t he  
est imates t h a t  a r e  avai lable  indicates  t h a t  i f  t he r e  i s  any net  increment 

I i n  t o t a l  softwood volume a t  al l-- including t r e e s  of pole-timber &ze, and 
tak ing  i n t o  account t h e  f i r e ,  insec t ,  and disease  losses--i t  ce r ta in ly  
cannot be very large .  Less  than 20 percent of the  current  growth i s  i n  
the  softwood species ( f ig .  5).  There a r e  a s  ye t  v i r t u a l l y  no indicat ions  
t h a t  softwood growing stock i s  building up t o  meet fu tu re  needs, * 

The subs tan t ia l  surplus of hardwood growth over t he  present com- 
d i t y  d ra in  i s  l a rge  enough t o  sus ta in  the  losses  t o  f i r e  and pests  and % 

give a s izab le  net  increment i n  volume. It seems p re t t y  c lea r  t ha t  
o r k s s  pulp industry  i s  going t o  be compelled t o  t u rn  more strongly 

hardwoods. The pressure i n  this di rec t ion  w i l l  increase  notably a s  
Province of Ontario implements i t s  recent ly  announced policy of re- 
ng t h e  export  of pulpwood cu t  from Crown lands by 10 percent per.year.  

What Can Be Done To Obtain More Adequate Supplies O f  Pulpwood? 

The question of what can be done t o  obta in  more adequate supplies 
t of pulpwood f o r  t h e  m i l l s  of New York S t a t e  i s  one f o r  which there  i s  no 
' easy answer. Increased u t i l i z a t i o n  of hardwoods has jus t  been mentioned, 

11 
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Figure 5.--The bulk of t h e  current  growth i s  i n  
t he  hardwoods. 

The second avenue of a t t ack  i s ,  of course, an  i n t ens i f i c a t i on  an&-- 
expansion of t he  present fo res t ry  program administered by the  S t a t e  De-r , 
partment of Conservation, This provides, among other th ings ,  f o r  on-the'- 
ground advice and technical  help f o r  the  small woodland owner i n  the  mill*; 

ex i s t i ng  planta t ions ,  i s  highly desi rable .  
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As a t h i r d  and most important l i n e  of a t t ack  on t he  pulpwood- 
supply problem,wewant t o  propose t h a t  the. pulp and paper industry  of 

"*$jew York S t a t e  consider' some bold s teps  t h a t  would take it i n t o  t he  
business of growing more of i t s  own timber. This has been t he  trend 
elsewhere. 

What has been the  cos t  of inadequate l oca l  pulpwood supplies over 
t h e  pa s t  50 years? There i s  no way t h a t  we can get a precise  answer t o  
such a question, but some simple ar i thmet ic  w i l l  provide an approximate 
answer. The S t a t e  Division of Comerce estimated t h a t  t h e  average pr ice  
af  pulpwood delivered a t  t he  New York mi l l s  i n  1939 was about 83 per  cord 
higher than the  corresponding p r i ce  a t  competing mi l l s  i n  t h e  S t a t e  of 
M n e .  This unfavorable d i f f e r e n t i a l  i n  the  cost  of wood a t  New York 
ra i l l s  was l ikewise recognized i n  t h e  administrat ion of war-time pr ice  con- 
tltols. It i s  a long-term handicap t h a t  or iginates  p a r t l y  i n  t he  s ca r c i t y  
of lopcal pulpwood supplies and p a r t l y  i n  the  heavy r a i l  t ranspor ta t ion 
cos t  t h a t  must be paid on wood shipped i n  from Canada and from neighbor- 
i ng  S t a t e s .  It i s  l i k e l y  t o  grow even more serious a s  time goes on. A 
$3 p e r  cord d i f f e r e n t i a l  on the  700,000 cords of pulpwood t h a t  were. con- 
sumed i n  1939 amounts t o  more than $2 mill ion.  Thirty years ago t h e  per- 
cord d i f f e r e n t i a l  may have been much l e s s ,  but t he  mills were consuming 
h i c e  as much wood. 

P 

llBut,lf one might say, " t ha t  i s  water over t h e  dam. The money i s  
spent  and gone. What can be done now?" 

E= - 
Yes, t h e  money has been spent.  But t ha t  i s  no reasoh f o r  not rec- 

, ognising t h a t  timber i s  a crop and f o r  not launching i n t o  t he  business of 
- growing it. Dependency upon d i s t a n t  sources of pulpwood supply has 

brought t h e  industry  face  t o  face  with the  dismal s i t u a t i o n  described 
above. A continuation of this pol icy o f f e r s  no hope of more favorable 
condit ions.  Why not tu rn  t o  more aggressive fo r e s t ry  as t h e  l og i ca l  solu- 
t i on?  It c a m o t  provide the  needed wood supplies next year nor the  year 
after, but  i n  a r e l a t i ve ly  few years  i t  can begin t o  show resu l t s .  And 
i n  the long  run it could assure a permanent raw mater ia l  foundation f o r  

- t h e  pulp industry .  



-! 

Under moderately in tens ive  fo r e s t  management, New Yorkf s f o r e s t  
lands a r e  capable of f a i r l y  high r a t e s  of timber production, The e n t i - w  
wood requirements of t he  S t a t e s  s pulp and paper industry  could probablp 
be grown, on an eventual sustained y i e ld  basis ,  on 2 mi l l ion  acres  of ,2 
fo r e s t  land. This i s  l e s s  than 20 percent of t h e  t o t a l  commercial rope&, 
area.  The techGca1 know-how of fo r e s t  management i s  no more & f f i c u l t  
t o  acquire thanl the  technology of  pulp and paper making. A splendid 
S t a t e  College-&f Forestry i s  already avai lable  t o  t r a i n  t h e  technical  f ~ r  
e s t e r s  t h a t  would be needed. 

The t o t a l  acreage held by t he  pulp industry,  a s  previously mention 

dust ry  should adopt t h e  po l icy  of growing a t  l e a s t  hal f  of t he  pulpwood, 
t h a t  it ~onsumed, it could probably do so  before many years-- f i rs t  by .?  

in tens i fy ing  the  fo r e s t  p r ac t i c e s  on the  lands  t h a t  i t  now owns, and 
second, by acquiring addi t ional  lands t h a t  would increase  t o t a l  forest, i 
holdings up t o  a l e v e l  somewhere between 1 and 1$ mil l ion  ac res ,  The BPS 

of t h e  weod supply, log ica l ly ,  might be obtained from lands not cornpaw- 
owned. T h i s  would be highly desi rable  i n  order t o  provide assured market 
f o r  timber from thinnings and other improvement cut t ings .  

The pulpwood-supply problem of New York S t a t e ' s  pulp industry  can 
be solved. Why not t a ck l e  it ~ 5 t h  r e a l  determination? This i s  no time 
f o r  defeatism o r  f a i n t  courage. Our country needs t h i s  g rea t  i n d u s t r p  
The people of New York need it. Most of a l l ,  t h e  industry  needs t o  drive 
off  the  spectre  t h a t  has been haunting i t  f o r  these  many years--raw- 
mater ia l  s tarvat ion.  
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