


Abstract 

A s  p a r t  of t h e  In te rna t iona l  Biological Program, a primary 
meteorological s t a t i o n  was i n s t a l l e d  i n  t h e  west-central  Cascade 
Range of  Oregon. Short-wave s o l a r  r ad ia t ion ,  a i r  temperature, 
dewpoint temperature, windspeed, and p r e c i p i t a t i o n  a r e  recorded 
continuously. Climatic da ta  a r e  summarized i n  a d a i l y  record 
ava i l ab le  from May 11, 1972, t o  da te .  This r epor t  d e t a i l s  t h e  
measurements, processing, and analyses of these  va r i ab les  a t  
the  H. J .  Andrews Experimental Fores t .  

KEYWORDS: Climatography, meteorology, Oregon (H.  J .  Andrews 
Experimental Fores t ) .  
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Introduction 
A s  p a r t  o f  t h e  In t e rna t iona l  

Biological  Program, t h e  National 
Science Foundation supported r e -  
search  on t h e  s t r u c t u r e  and funct ion  
of  coniferous f o r e s t .  In  1969, t h e  
H. J .  Andrews Experimental Forest  
was se l ec t ed  f o r  i n t ens ive  s tudy by 
t h e  Coniferous Forest  Biome because 
t h e  6 075-hectare f o r e s t  r ep resen t s  
d ive r se  f o r e s t  communities and stream 
systems c h a r a c t e r i s t i c  of t h e  cen- 
t r a l  Cascade Range i n  Oregon. 
Through t h e  program, both Forest  
Serv ice  and u n i v e r s i t y  s c i e n t i s t s  
s tudy processes c o n t r o l l i n g  water,  
carbon, and mineral d i s t r i b u t i o n  i n  
f o r e s t  and aqua t i c  ecosystems. The 
p a r t i c i p a t i n g  s c i e n t i s t s  s e l e c t e d  
f i v e  primary c l i m a t i c  v a r i a b l e s  a f -  
f e c t i n g  t h e  r a t e s  a t  which ma te r i a l s  
accumulate o r  move through ecosystems: 
(1) s o l a r  r a d i a t i o n ,  (2) a i r  tempera- 
t u r e ,  (3)  dewpoint temperature, (4) 
windspeed, and (5) p r e c i p i t a t i o n .  
This  r e p o r t  d e t a i l s  t h e  measurement, 
processing,  and analyses of  t hese  
v a r i a b l e s  a t  t h e  H.  J. Andrews 
Experimental Fo res t .  Previously t h e  
P a c i f i c  Northwest Forest  and Range 
Experiment S t a t i o n  of  t h e  U.S. Forest  
Serv ice  co l l ec t ed  va luable  streamflow 
d a t a  and records  o f  p r e c i p i t a t i o n ,  
a i r  temperature, and r e l a t i v e  humidity 
i n  t h e  Andrews Experimental Fores t .  
This  information i s  now supplemented 
by d a t a  co l l ec t ed  a t  t h e  primary 
meteorological s t a t i o n  maintained a t  
t h e  f o r e s t .  

Site Description 
Located i n  t h e  c e n t r a l  p a r t  of 

t h e  Oregon Cascades ( f i g .  l ) ,  t h e  
H.  J .  Andrews i s  about 64 km e a s t  o f  
Eugene ( l a t .  4401StN., long. 
1 ~ 2 ~ 1 0 ' ~ . ) .  The f o r e s t  occupies a  
rugged mountain bas in .  Elevat ion 
ranges from 420 t o  1 630 m, and 

F i g u r e  I .  --Map o f  the H .  J .  Andrews 
Exper imental  Forest, the w e s t e r n  

I 

Cascade Range o f  Oregon,  and the 
major rivers d r a i n i n g  westward 
i n t o  the W i l l a m e t t e  V a l l e y .  

mountain s lopes  a r e  genera l ly  s t e e p  
with g rad ien t s  between 20 and 60 
percent .  Stream drainages a r e  
d e n d r i t i c  and deeply inc i sed .  

Vegetation t y p i f i e s  t h e  west- 
c e n t r a l  Cascades with ex tens ive  
Douglas-fir  (Pseudotsuga menziesi i  
(Mirb.) Franco) and hemlock (Tsuga 
heterophy ZZa (Raf. ) Sarg . ) com- 
munit ies  a t  lower e l eva t ions  and 
subalpine f o r e s t s ,  charac ter ized  by 
abundant s i l v e r  fir (Abies amabiZis 
(Doug1 . ) Forbes) , a t  e l eva t ions  
above 1 000 m. Table 1 summarizes 
t h e  d i s t r i b u t i o n  o f  broad age c l a s s e s  
within t h e  major vegeta t ion  zones. 



Tab1 e 1--Vegetation zones and broad age classes (by percentage) of  the H .  J .  Andrews Experimental 
Forest and notes on dominant species 

Temperate forest or Successional Dominated by Dominated by Narrow riparian or 
Tsuga heterophyZZa stands of herbs, Pseudotsuga Pseudotsuga flood plain zones; 
Zone shrubs, and menziesii; menziesii,  Tsuga rock outcrops 

tree seedlings minor amounts heterophy ZZa, and 
of other species Thuja pZicata 

60 percent 15 percent 10 percent 35 percent <1 percent 

Subalpine forest or Successional Abies procera Mixtures of AZnus sinuata 
Abies m a b i z i s  stands of herbs, dominant, b u t  Abies procera, thickets ( 3  percent), 
Zone shrubs, and greater mixture A. mab i z i s ,  mountain meadows of 

tree seed1 ings of other species Tsuga heterophyZZa, various ty es 
(Pseudotsuga T .  mertensiana, ( 2  percent!, and 
menziesii,  Abies and Psuedotsuga rock outcrops 
amabilis, Pinus menziesii ( < I  percent) 
monticola, and 
Tsugamertensiana) 

Nonfores ted 
communities Zone 

40 percent 5 percent 15 percent 15 percent 5 percent 

Percent of H. 3. 
Andrews in each 20 percent 25 percent 50 percent 5 percent 
condition class 

l /~ learcuts  and she1 terwood cuttings are from 1 to 25 years in age. 
Z l ~ a t u r e  forest stands are mostly 100 to 150 years in age. 
/01d-~rowth stands are stands dominated by trees more than 250 years old. 

Forest condition classes 

Cutover 
s tandsll 

Mature 
forestl! 

01 d-growth 
forest?/ 



The vegeta t ion  has been d e t a i l e d  by 
Dyrness e t  a l .  (1974). 

Soi l s ,poor ly  developed morpho- 
l o g i c a l l y ,  may r e s t  on deep depos i t s  
o f  weathered and unconsolidated 
parent  ma te r i a l .  Generally very  
porous, t h e  s o i l s  prevent  overland 
flow of  water.  Or ig ina l ly  described 
a s  belonging t o  t h e  Regosol, L i thosol ,  
Reddish-Brown and Acid Brown f o r e s t  
s o i l s  g r o u p s ~ /  (Rothacher e t  a1 . 
1967), most of t h e  s o i l s  now a r e  
c l a s s i f i e d  a s  Incep t i co l s  with a few 
A l f i s o l s  (Soi l  Conservation Serv ice  
1975). For more information, see  
Brown and Parsons who used t h e  l a t t e r  
c l a s s i f i c a t i o n . l !  

Wet, r e l a t i v e l y  mild winters  
and dry ,  cool summers cha rac te r i ze  
t h e  c l imate  of  t h e  experimental 
f o r e s t  ( f i g s .  2 and 3) , according 
t o  U.S. Forest  Serv ice  records  s ince  
1952 from e leva t ions  between 400 and 
1 000 m.  A t  t h e  meteorological 
s t a t i o n ,  temperatures range from 
- 1 5 ' ~  during unusual ly cold winters  
t o  more than 4 0 ' ~  f o r  b r i e f  per iods  
almost every summer. Annual tempera- 

0 t u r e s  average 9 .5  C; theoJanuary 
0 mean i s  2 C and J u l y ,  22 C .  

O N D J F M A M J  J A S  
MONTH 

Figure 2.--Typical monthly ten? 
peratures at an elevation of 
600 m in the H. J. Andrews 
Experimental Forest. 

Figure 3.--Characteristic pattern 
of precipitation and potential 
evapotranspiration on the H. J. 
Andrews Experimental Forest. 
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'/u. S. Department of Agriculture 20 
Forest Service. 1964. Soi l  survey a - 
report  of the H.  J. Andrews Experi- z 
mental Forest, Willamette National 0 
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Portland, Oreg. - 3 
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Parsons. 1973. Soi l s  of the 
reference stands--Oregon IBP .  

i3 
a n i f e r o u s  For. Biome Intern.  Rep. 

E 0 
128, 76 p. Univ. Wash., Seat t le .  

O N D J F M A M J  J A S O  
MONTH 



Annual p r e c i p i t a t i o n  averages 
240 cm; more than  70 percent  occurs  
from November through March; on ly  
7  percent  f a l l s  during t h e  growing 
season ( f i g .  3 ) .  Most p r e c i p i t a t i o n  
i n  t h i s  a r e a  r e s u l t s  from warm, 
moist a i rmasses t h a t  move i n  from 
t h e  P a c i f i c  Ocean. A s  t h e  airmasses 
r i s e  over t h e  Cascade c r e s t ,  pro- 
longed per iods  of r a i n  may occur.  
The longes t  s i n g l e  storm on record  
(December 18-20, 1957) produced 31.8 
cm of  r a i n  i n  3  days, with a  maximum 
of 15.9 cm i n  one 24-hour per iod .  
A t o t a l  of  almost 70 cm f e l l  during 
two consecut ive major storms i n  
December 1957. In c o n t r a s t ,  t h e  
months of Ju ly ,  August, and September 
may be e n t i r e l y  r a i n  f r e e ;  pe r iods  
of  60 days without r a i n  a r e  common. 

The p a t t e r n  of  maximum tempera- 
t u r e s  and minimum p r e c i p i t a t i o n  
dur ing  summer months c r e a t e s  a  water 
de f i c i ency .  Computed from Thorn- 
t h w a i t e l s  t a b l e  (Thornthwaite 1948, 
Thornthwaite and Mather 195.7) , t h e  
d i f f e r e n c e  between p o t e n t i a l  and 
a c t u a l  evapot ranspi ra t ion  ranges 
from 59 t o  11 cm pe r  year .  Estimated 
average evapot ranspi ra t ion  i s  54 cm. 

Re la t ive  humidity, gene ra l ly  
high throughout t h e  win ter ,  t y p i c a l l y  
approaches 100 percent  each n igh t  
throughout t h e  r e s t  o f  t h e  year  
except when d r y  a i r  moves west from 
t h e  high d e s e r t  e a s t  o f  t h e  Cascade 
Range. Then minimum r e l a t i v e  hu- 
midi ty ,  gene ra l ly  ranging from 40 t o  
50 percent  dur ing  t h e  summer, drops 
t o  10 percent  o r  l e s s .  In  t h e  win ter ,  

p a t t e r n  of  wet w in te r s  and d ry  
summers. Tota l  p r e c i p i t a t i o n ,  how- 
ever ,  i nc reases  with e l eva t ion  and 
t o t a l s  30 t o  40 percent  more a t  
1 500 m than  a t  600 m and approaches 
400 cm annual ly  i n  some p l aces  (U.S. 
Army Corps of  Engineers 1956).  Fur- 
thermore, much of  t h a t  p r e c i p i t a t i o n - -  
equiva len t  t o  100 t o  180 cm of  water-- 
accumulates i n  snowpacks a s  deep a s  
5 m i n  t h e  subalp ine  f o r e s t .  In  
genera l ,  temperatures  a l s o  decrease  
with e l eva t ion  s o  a  permanent win ter  
snowpack occurs  above 1 0 0 0 t o 1 2 0 0  m; 
below those  e l e v a t i o n s ,  snow cover 
i s  sporadic ,  developing dur ing  cold 
per iods  and d isappear ing  dur ing  
warmer win ter  weather.  

Elevat  i ona l  changes i n  tempera- 
t u r e  a r e  complex, varying with 
season and t h e  p a r t i c u l a r  temperature 
c h a r a c t e r i s t i c ;  e . g . ,  mean day o r  
n igh t  temperature,  d iu rna l  range,  
maximums, and minimums .?I Subalpine 
s tands  above 200 mohave d a i l y  
means near  -20 t o  -4 C i n  midwinter 
and 13' t o  16 C i n  Ju ly .  A mid- 
e l eva t ion  thermal b e l t  r e s u l t s  i n  
warmer win ter  minimums a t  h igher  
e l e v a t i o n s  and cooler  minimums a t  
lower e l eva t ions .  In  f a c t ,  a s  
e l eva t ion  inc reases  t o  1 100 m, 
average d a i l y  minimum temperatures  
i n  J u l y  a l s o  inc rease  because of  
co ld  a i r  drainage ( see  footnote  3 ) .  

extremely low temperatures  a s soc i a t ed  
with d ry  a i r  flowing i n  from t h e  
e a s t  considerably reduce t h e  a i r ' s  ?'Zobel, D. B., W. A. McKee, 
capac i ty  t o  hold water vapor.  G. M. Hawk, and C. T. Dyrness. 1973. 

Variation in air and soil temperatures 
Elevat ion  markedly a f f e c t s  in forest communities on the H. J. 

p r e c i p i t a t i o n ,  e s p e c i a l l y  win ter  Andrews Experimental Forest, 1970- 
snowpack. In t h e  subalpine zone, 1972. Coniferous For. Biome Intern. 
p r e c i p i t a t i o n  shows t h e  same seasonal  Rep. 127, 4 3  p. Univ. Wash., Seattle. 



A t  a depth of  20 cm, s o i l  
temperatures range from summer 
maximums of 15O t o  20°c, depending 
on e levat ions  and s i t e ;  they drop 
t o  winter minimums of OOC a t  a l l  
s i t e s .  Largest d i f ferences  between 
s i t e s  e x i s t  i n  spr ing when t h e  
temperatures a t  s i t e s  r e t a i n i n g  a 
snowpack l a g  behind those where 
snowmelt is  complete. So i l  rare ly-  
f reezes ,  mainly because o f  t h e  in-  
su la t ing  snowpack. 

The Meteorological Station 
and Its Operation 

The primary meteorological 
s t a t i o n ,  general ly access ib le  year 
round is  located on an a l l u v i a l  
t e r r a c e  a t  an e levat ion of 430 m. 
The immediate a rea  100 m o r  more 
i n  a l l  d i rec t ions  from t h e  s t a t i o n  
has been cleared of t r e e s .  Solar  
r ad ia t ion  and wind a r e  measured on 
a 2-m boom located 5 m above ground 
on t h e  south s i d e  of  a tower. A i r  
temperature and dewpoint temperature 
sensors a r e  located ins ide  a standard 
meteorological s h e l t e r  1 m above 
ground. A standard p r e c i p i t a t i o n  
c o l l e c t o r  located 18 m up t h e  tower 
funnels p r e c i p i t a t i o n  i n t o  a l a rge ,  
covered s torage  tank buried i n  t h e  
ground. These measurements have 
been compared with the  sum of d a i l y  
measurements taken by the  U.S. 
Forest Service a t  an adjacent s i t e  
0.2 km away. 

Original ly  t h e  battery-powered 
s t a t i o n  was serviced monthly. Be- 
cause of  equipment malfunctions 
( t a b l e  2) ,  more frequent servic ing 
has recen t ly  been ins t iga ted ,  but 
da ta  s t i l l  a r e  occasionally l o s t .  
Furthermore, t h e  sensors d i f f e r  i n  
t h e i r  dependability. Table 2, 
indica t ing equipment f a i l u r e s  s ince  

Table 2--Days with missing data for three meteoroZogicaZ 
oariczbZes measured from 1972 through 1 9 7 5 i l  

1 / ~  represents days when equipment f a i l e d  and 
data a r e  missing. 

Year and 
day 

Y M i s s i n g  so lar  r a d i a t i o n  data were estimated 
from corre la t ions  wi th  d iurna l  f luctuat ions  i n  
temperature during a given month. 

'I I 

- 3 / ~ i s s i n g  temperature data were supplied from a 
nearby sec0ndar.y s ta t ion .  

Solar 
r a d i a t i o S 1  

 issi sin^ dewpoint temperature data were estimated 
from corre la t ions  wi th  average n ight  temperature. 

t h e  s t a t i o n  was es tabl ished i n  1972, 
shows t h a t  temperature sensors a r e  
most r e l i a b l e  and t h a t  radiometers 
and dewpoint sensors r equ i re  care- 
f u l  a t t en t ion .  The extensive da ta  
missing i n  1973 r e f l e c t  instrument 
f a i l u r e  and an adminis t ra t ive  s h i f t  
i n  t h e  r e s p o n s i b i l i t y  f o r  mainte- 
nance of  equipment. 

A i r  
temperatur2'  

Procedures such a s  checking t o  
make sure  t h a t  no water is  ins ide  
the  radiometer and t h a t  desiccant  
i s  f resh  g r e a t l y  extend t h e  operation 

Dewpoint 
temperatur-8' 



and accuracy o f  t h e  instruments .  
Per iodic  c a l i b r a t i o n  and s e r v i c i n g  
o f  equipment a r e  a l s o  e s s e n t i a l .  
B e t t e r  maintenance ( e s p e c i a l l y  of  
t h e  b a t t e r i e s ) ,  t h e  i n s t a l l a t i o n  of  
a backup s t a t i o n ,  and more f requent  
inspec t ion  of  t h e  r eco rds  by know- 
ledgeable personnel s u b s t a n t i a l l y  
reduced t h e  amount of  d a t a  missing 
i n  1975. A number of temporary 
s t a t i o n s  a r e  operated t o  permit 
ex t r apo la t ion  o f  d a t a  from t h e  
primary s t a t i o n .  

Measured Meteorological 
Variables 

So t h a t  d a t a  records  can be 
accura t e ly  synchronized, a t  exact  
1-hour i n t e r v a l s ,  a c e n t r a l  c lock 
s imultaneously i n t e r r u p t s  t h e  t r a c e  
on t h e  recorders  f o r  fou r  of  t h e  
f i v e  measured va r i ab le s - - so la r  
r a d i a t i o n ,  a i r  temperature, dewpoint 
temperature, and wind. Only pre-  
c i p i t a t i o n  i s  recorded without 
i n t e r r u p t  ion .  

SOLAR RADIATION 

within 10 percent .  Photosyn- 
t h e t i c a l l y  a c t i v e  r a d i a t i o n  (wave- 
length  o f  400 t o  700 nanometers) 
important f o r  primary product ion 
can be est imated by assuming t h a t  
approximately 47 percent  of  t h e  
incoming short-wave s o l a r  r a d i a t i o n  
i s  i n  t h i s  spectrum. 

An empir ica l ly  determined 
hea t ing  c o e f f i c i e n t  (Gay 1971) can 
be used t o  es t imate  n e t  r a d i a t i o n  
i f  t h e  long-wave r e f l e c t i v i t y  o r  
r e r a d i a t i o n  o f  t h e  surface--whether 
f o r e s t  canopy, s o i l ,  o r  snow--is 
known. For Douglas-f i r ,  n e t  r a d i -  
a t i o n  i s  about 65 percent  o f  t h e  
measured d a i l y  t o t a l  s o l a r  r a d i a t i o n .  
This  means t h a t ,  on a day recording  
650 c a l  cm-2, t h e  n e t  r a d i a t i o n  on 
a ho r i z tona l  su r face  having t h e  
r e f l e c t i v i t y  o f  a coni ferous  f o r e s t  
i s  422 c a l  cm-2. Of t h i s ,  about 
h a l f  normally is  d i s s i p a t e d  by 
evaporat ing water.  Because about 
580 c a l  a r e  requi red  t o  evaporate  
a cubic cent imeter  o f  water ,  evapo- 
t r a n s p i r a t i o n  r a r e l y  exceeds 0.5 cm 
o f  water without add i t iona l  energy 
suppl ied  by advection ( d r i e r  o r  
h o t t e r  a i r  from another  a r e a ) .  

On d i f f e r e n t  s lopes  and as-  
pec t s .  s o l a r  r a d i a t i o n  can be 

Incoming short-wave s o l a r  
* 

est imated with t r igonometr ic  
r a d i a t i o n  i s  measured with a Lin t ronic  c a l c u l a t i o n s  ( ~ ~ f f o  e t  a l e  1972, 
dome s o l a r i m e t e r . /  Use of a des ic-  Buelow 1967). BY t h i s  technique,  
cant  and pe r iod ic  c a l i b r a t i o n  gen- t o t a l  d a i l y  p o t e n t i a l  s o l a r  r a d i -  
e r a l l y  keep t h e  ins t rument ' s  accuracy a t i o n  a t  any loca t ion  can be 

est imated and shading e f f e c t s  by 
topography correc ted .  

%'Mention of products by name 
is for the convenience of the 
reader and does not constitute an 
endorsement or approval by the 
U.S. Department of Agriculture or 
Oregon State University to the 
exclusion of other products 
which may be suitable. 

The so la r ime te r  s igna l  is  
recorded con t inua l ly  on a 30-day 
RUSTRAK s t r i p  c h a r t  s ca l ed  from 0 
t o  2.0 c a l  cm-2 min-1 and with a 
r e s o l u t i o n  o f  0.1 c a l  cm-2 m i d .  
The s i g n a l  was damped t o  maintain 
cha r t  r e a d a b i l i t y  during u n s e t t l e d  
condi t ions .  



AIR TEMPERATURE 
made by weighing the  p rec ip i t a t ion  
caught i n  the  60-cm capacity storage - 

Temperature, measured by a gage. O i l  i s  added t o  prevent 
thermistor ,  is continuously recorded evaporation during the  warm seasons 
on a separa te  30-day RUSTRAK s t r i p  and ethylene glycol t o  prevent 
char t  scaled from - lo0  t o  40°C and freezing during t h e  winter.  Daily 
with an accuracyand resolut ion of p rec ip i t a t ion  recorded on t h e  gage 
P C .  is  keypunched onto da ta  summary 

sheets  . 

DEWPOINT TEMPERATURE 
Water vapor concentration i n  

the  a i r  i s  d i r e c t l y  measured with a 
heated l i thium-chloride dewpoint 
sensor, The sensor temperature, 
measured with a thermistor ,  is  re -  
corded cont inual ly  on a separa te  
30-day RUSTRAK s t r i p  char t  scaled 
from -So t o  20°c and with an ac-• 
curacy and a resolut ion of  1°c. 

WINDSPEED 
A cup-type anemometer provides 

a contact  c losure  f o r  every 0.322 km 
of a i r  movement. This s ignal  i s  
recorded by an event marker along 
the  border of the  same RUSTRAK s t r i p  
char t  used t o  record dewpoint tem- 
peratures.  A l l  t h e  RUSTRAK s t r i p  
char t s  a r e  housed a s  an i n t e g r a l  u n i t  
within the  s h e l t e r  a t  the  primary 
meteorological s t a t i o n .  

PRECIPITATION 

Data Processing 
and Summarizing 

The s t r i p  char t s  a r e  col lec ted  
a t  30-day i n t e r v a l s  and forwarded t o  
Biome headquarters a t  Oregon S t a t e  
University f o r  processing and sum- 
marizing. Hourly averages estimated 
from the  s t r i p  char t s  a r e  recorded 
f o r  keypunching ( f i g .  4 ) .  The key- 
punched da ta  a re  pr in ted  and checked 
by the  senior  author t o  assure t h a t  
dewpoint temperatures never exceed 
a i r  temperatures and t h a t  r ad ia t ion  
and temperature follow normal pat-  
t e r n s  throughout the  day. Extremes 
a r e  checked and, i f  a t  a l l  unusual, 
compared with da ta  from secondary 
s t a t i o n s .  

The decks of punched cards 
record hourly da ta  except t h e  pre- 
c i p i t a t i o n  da ta  provided by the  
Forest Service, which a r e  summarized 
f o r  24-hour periods s t a r t i n g  a t  
midnight. A l l  cards a r e  s tored i n  
the  Biome data  bank a t  the  Forestry 
Sciences Laboratory of the  U.S. P rec ip i t a t ion  is  recorded con- 
Forest Service i n  Corval l i s .  t inuously by a universal  weighing- 

type r a i n  gage located 0.2 km from 
the  meteorological s t a t i o n .  This 
i s  the  locat ion of  the  U.S. Forest 
Service meteorological s t a t i o n  
s t i l l  maintained by t h a t  agency. 

The 
and more 
periods. 

gages a r e  serviced weekly 
f requent ly  during storm 
Periodic ca l  i b r a t  ions a r e  

The input data  f o r  a day a r e  
contained on s i x  sequential  cards-- 
4 hours of data  per  card. Each day 
deck of hourly rad ia t ion ,  temper- 
a tu re ,  and dewpoint is  analyzed by 
computer t o  y ie ld  d a i l y  averaged 
data .  The computer program is 
l i s t e d  i n  the  appendix, and a flow 
char t  i s  presented i n  f igure  5. 
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CLIMATIC DATA 
H. J .  Andrews Experimental Forest  

R a i n f a l l  0,).00 

Year Dewpoint 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Day 

F i g u r e  4 .--Example of d i g i t i z e d ,  hour1  y c l i m a t i c  d a t a  
p repared  for k e y p u n c h i n g .  
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A 

A 
- 

NO 

. 
CALCULATE 

CHECK INPUT 
DATA FOR 6 
CARDS PER DAY 

CALCULATE 

h 
WIND MOVEMENT 
DURING NIGHT 
AND DAY 

\I 

CALCULATE AVG 
A I R  TEMP I 
DEWPOINT FOR 

FOLLOWING DAY 1 \ NIGHT I DAY 

* P 

CALCULATE SUM WIND 
SUNRISE, SUM A I R  TEMP < A DAILY DATA 
SUNSET SUM DEWPOINT ON F I L E  

STORE MINIMUM 

I r 

GET DATA 
HOURLY 
BEGINNING 
AT SUNRISE 

I 

SUM WIND 
SUM A I R  TEMP ' \I 
SUM DEWPOINT 

V - - * 
i( - A - 

F i g u r e  5.--Flow c h a r t  f o r  r e d u c i n g  h o u r l y  d a t a  t o  d a i l y  summary. 



Sunr ise ,  sunse t ,  and day length  a r e  a i r  and dewpoint temperatures during 
ca l cu la t ed  from s inusoida l  funct ions  t h e  day afid of  t h e  minimum values  
l i s t e d  i n  t h e  program. during t h e  n igh t .  

The computer program next  sepa- 
r a t e s  t h e  hour ly  d a t a  i n t o  d iu rna l  
and nocturnal  segments, beginning 
with sunr i se  on t h e  f i rs t  J u l i a n  
day and ending with sunr i se  t h e  
next  day ( t a b l e  3 ) .  During t h e  two 
per iods ,  t h e  va lues  f o r  a i r  tempera- 
t u r e ,  dewpoint, and wind movement 
a r e  summed f o r  each hour i n  t h e  
r e spec t ive  period.  The computer 
program keeps t r a c k  o f  t h e  maximum 

A i r  and dewpoint temperatures 
f o r  each daytime o r  night t ime period 
a r e  averaged by d iv id ing  t h e  summed 
va lues  by t h e  number o f  hours i n  t h e  
period.  Wind movement i s  summed f o r  
t h e  period but  not  averaged. So la r  
r a d i a t i o n  i s  a l s o  summed f o r  t h e  
dayl ight  hours.  

The computer program compiles a  
f i l e  f o r  a  card-punched output  and a  

I/ Table 3--Calendar and Julian dates as used in data analysis- 

l / ~ o r  leap year ,  add 1 day t o  t o t a l s  f o r  days Mar. through Dec. 

","/ 
month 

Jan. 
1 

Feb. 
1 

Mar. 
3 

Apr. 
4 

May 
5 

July  
7 

June 
6 

Aug. 
8 

Oct. 
10 

Sept. 
9 

Nov. 
11 

Dee. 
12 



l i n e  p r i n t e r  f i l e ,  then obta ins  more 
hourly data .  The program w i l l  con- Daily Tabulation of Data 
t inue  t o  process d a t a  u n t i l  an end After  hourly da ta  a r e  processed 
of  f i l e  statement appears on the  as  d a i l y  summaries, the  d a i l y  pre- 
input f i l e .  c i p i t a t i o n  values a r e  keypunched on 

cards,  and the  output i s  l i s t e d  
( t a b l e  4 ) .  

1/21 Table 4--Example of daily climatic data smary- - 

A V G  M A X  A V G  t i I N  A V G  M A X  AqG MIN W I N O  
SOL D A Y  DAY HGT NGT OkY 3 A I  N G T  NGf HOVENENT D A Y  

10 vi? J O  RAD TEMP TEMP TEMP TEMP QP OP UP C A Y  NGT HRS P R E C f p  

L / ~ ~  is the data set identification code; YR JD are the last two digits of the year followed 
by the Julian day number; solar radiation is in units of calories per square centimeter per 
day; temperatures are in degree Celsius; DP is dewpoint; wind movement is in kilometers; 
DAY HRS is day length in hours; precipitation is in centimeters; 99.0 indicates missing data 
as listed on the last 4 days under wind movement. 

Z/~omplete data sets are available from Richard H. Waring, School of Forestry, Oregon 
State University, Corvall is, Oregon 97331 , for $1.50 per year, upon request. 



Editing of Data reduction below t h e  expected value 
( f i g .  6) r e su l t ed  i n  a correc t ion 

Averages and t o t a l s  f o r  each applied t o  compensate f o r  the  
day a r e  e s s e n t i a l  when d a i l y  water, decrease. Usually such correc t ions  
energy, and mineral t r a n s f e r  through were l e s s  than 10 percent of the  
f o r e s t  ecosystems a r e  estimated. observed rad ia t ion  i n  any given 
To meet these  requirements, t h e  month. 
senior  author ed i t ed  the  o r i g i n a l  
d a i l y  summaries and flagged missing In 1975 a more rugged radiometer 
o r  suspicious data.  In t h e  ed i t ing  with a lower output s ignal  was in-  
procedures, r ad ia t ion  on apparently s t a l l e d ,  and a constant 75 langleys 
c l e a r  days without recorded p rec ip i -  per  day had t o  be added on c l e a r  
t a t i o n  was compared with previously days t o  correc t  f o r  r ad ia t ion  below 
compiled observed values ( f i g .  6 ) .  recordable l eve l s  a t  dawn and dusk 
Radiation values more than 10 percent periods.  A t  o ther  times when the  
above o r  below the  predicted values radiometer became inoperat ive,  
led  t o  c lose r  inspection of  t h e  cor re la t ions  with temperature and 
preceding 30 t o  50 days of  data .  p rec ip i t a t ion  pa t t e rns  i n  the  same 
Sometimes the  radiometer output month i n  previous years were used 
progressively decreased, probably t o  est imate the  missing values.  
the  r e s u l t  of water shor t ing  out t h e  Such periods a r e  i d e n t i f i e d  i n  
sensor. In such cases,  a  systematic , t a b l e  2 .  

JULIAN DATE 

F i g u r e  6 . - -Year l y  v a r i a t i o n  i n  p o t e n t i a l  shor t -wave  
r a d i a t i o n  r e a c h i n g  the e a r t h ' s  a tmosphere  ( d o t t e d  
l i n e )  and the maximum r a d i a t i o n  r e a c h i n g  the 
e a r t h ' s  s u r f a c e  a t  4 5 O ~ .  l a t i t u d e  ( s o l i d  l i n e ) .  



Dewpoint was most d i f f i c u l t  t o  8 0 ~  I I 
measure accura te ly  and continuously; 

I I 

a s  shown by the  l a rge  amount of 
missing da ta  ( t a b l e  2) . The impor- - 
tance of  dewpoint da ta  increases a s  

h evaporation and rad ia t ion  increase,  
and for tunate ly ,  t h i s  corresponds 6 60 - n 
with the  dry  season when instrument Y E 
operat ion normally i s  s a t i s f a c t o r y .  w 

LIC 
- 

3 
Only r a r e l y  d id  the  a i r  tempera- V) 

V) 
t u r e  recorder f a i l  t o  operate.  In w 
these  instances,  a nearby thermo- g 40 - 
graph prgvided da ta  t h a t  agreed a 
within 1 C .  Periods when missing 8 - 
da ta  were supplied from t h i s  source 9 
a r e  a l s o  i d e n t i f i e d  i n  t a b l e  2. a 

g 20 - - 
On t h e  hourly summaries prepared 9 

before keypunching, t h e  senior  author 
assured t h a t  dewpoint temperatures - - 
never exceeded a i r  temperatures. 
Because char t  readings may e r r  by 

0 
1 C ,  r a iny  days occasionally had 
dewpoint values l i s t e d  a degree o r  

c 
O-10 0 20 40 

so above a i r  temperature. When t h a t  TEMPERATURE ( O C )  

happened, they were made t o  equal 
a i r  temperature. 

Fortunately, f a i l u r e  of t h e  
dewpoint sensor general ly occurs 
during cold wet weather when t h e  
a i r  i s  near ly  sa tura ted  with water 
vapor and the  dewpoint and a i r  
temperatures a r e  near ly  equal any- 
way. The importance of t h i s  f a c t  
can be i l l u s t r a t e d  by comparing the  
evaporative demand i n  winter with 
evaporative demand i n  summer. To 
f a c i l i t a t e  comparison, f i g u r e  7 il- 
l u s t r a t e s  the  re la t ionsh ip  between 
temperature and t h e  water-holding 
capacity of a i r .  To ca lcu la te  t h e  
average evaporative demand, f i r s t  
determine t h e  average day temperature 
and then read from t h e  graph the  
corresponding vapor pressure:  
760 mmHg = 1 013 mbar. The d i f -  
ference i n  vapor pressure a t  a i r  
temperature and a t  dewpoint ind ica tes  
t h e  evaporative demand. 

Figure 7.--Saturated vapor pressure 
(mbar) of water in relation to 
air temperature where vapor 
pressure = 6.1078 exp 17.269T . 

(237 + T) 

On an unusual winter day (March 
75073), the  a i r  temperature averaged 

0 
1 2 ' ~  and the  dewpoint -1.5 C .  Fig- 
ure  7 shows t h a t ,  i f  sa tura ted ,  t h e  
water vapor concentrat ion o f  a i r  a t  
1 2 ' ~  would be 12.3 mbar. The amount 
a c t u a l l y  i n  t h e  a i r  is equivalent t o  
the  sa tu ra t ion  value a t  the  dewpoint 
temperature, o r  only 5.5 mbar. The 
evaporative demand under these  r a t h e r  
r a r e  winter  condit ions i s  6.8 mbar. 
Usually t h e  demand i n  winter  averages 
l e s s  than 2 mbar. 

To f i l l  i n  missing dewpoint 
temperature da ta  during the  dry 
season, we t r i e d  t o  def ine  corre la-  
t i o n s  between t h e  night  temperatures, 



which cooled t h e  a i r  and presumably 
condensed water vapor, and daytime 
dewpoint temperatures  which might 
r e f l e c t  t h e  ex ten t  o f  cool ing t h e  
previous n igh t .  Se lec t ing  days from 
Apr i l  through September t h a t  were 
not  preceded by r a i n f a l l  f o r  a t  
l e a s t  5 days, we found general  agree- 
ment between t h e  average n igh t  tem- 
pe ra tu re  and t h e  average-day dew- 
poin t  temperature ( f i g .  8 ) .  This  
r e l a t i o n s h i p  d id  not  hold during 
extremely hot  days i n  August when 
t h e  n igh t  temperature d i d  not  
approach dewpoint. For tunate ly ,  
t h e  instrument d i d  not  f a i l  i n  
t h e s e  per iods .  Most of  t h e  missing 
dewpoint d a t a  were est imated by 
assuming t h a t  average n igh t  tem- 
pe ra tu re  corresponds t o  average- 
day dewpoint temperature, unless  
p r e c i p i t a t i o n  occurs .  Under t h e  
l a t t e r  condit ion,  more than 0.5 cm 
of  p r e c i p i t a t i o n  was assumed t o  
correspond t o  a s a t u r a t e d  atmos- 
phere, and dewpoint temperature 
was assumed t o  correspond with a i r  
temperature. With l e s s  p rec ip i -  
t a t  ion,  dewpoint temperature was 
est imated a t  an in termedia te  value 
above t h e  average n igh t  temperature 
and below t h e  average-day temperature. 

0 APRIL - 
MAY 

0 JUNE 
JULY 

A AUGUST 
A SEPTEMBER 

AVERAGE NIGHT 
TEMPERATURE (OC) 

Figure 8.--Relationship between 
average night temperature and 
average daily dewpoint tempera- 
ture. Data were selected for 
days that followed a 5-day period 
without precipitation. 

English Equivalents 

1 hec ta re  = 2.47 ac res  
1 meter = 3.27 f e e t  

1 ki lometer  = 0.625 mile 
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PROGRAM M070PRG (TAPE3.T APE4r fbPE6~OUTPUT+TAPE 6 i = O U T P U T ~  
C 
~O+********+*****~***C*********C**~*****************~****+***************** 

~***+**+*+r+**+++++ P ~ O G R A H H E R  - q ~ y  BUEB **i+*+**+***+i+*+***.+************ 

C*** * * * * * * * * * *+* * *+  DATE 5 / 2 5 / 7 5  C D C  CYSER KGONOS 2 0 1  FORT?AN EXTO 4.3 
C*****+***+**++**++ 9EVISEO 8/1/75 + * + i * * + * * * + + C * & * * * * * . * i * i W + * C * * * * * . Z * * * * * *  

c * * + * * * * * * * * * * * + * * * * * * * * i * ~ * * * * * * * c ~ * * * * * * * * * * * * C * * * * * * + * * * * * * * * * * * * * * * * * * ~  

C 
C+****+*++**++**+*******+.***** .+***********+**4******+***e4*******+***#****+ 
C*+*+*+*+*+*e i+****  D E ~ C R I ~ T ~ O N  +**r++++++i++***'+++*r*I&****+r**********++ 
c + * * * + * * * + * * C * * + + + * * * * * * * * * * * * * . + * * % * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * C * * * * * * * +  

C 
C PROGFPM T O  CONVE9T %CO CARD IMAGE Y07H4YOURLY) DATA TO BCO CAR0 IMAGE 
C MO7D(OAILY) D f  TAe PEA0 6 CAROS WITH 4 HRSo DATA ON EACH CARD* 
C YOUP HOURLY I N P U T  CATA MUST CONTAIN S I X  CARDS FO? EACH J U L I A N  OAYo 
C EACH CARD CONTAINS SOLAR RADIATION, A IR TEYPERATURE, DEW POINT 
C TEMPERATURE* PNO WINO MOVEMENTq FOR EACH HOUR I N  THE FOLLOWING 
C FOKMAT t 
C 
C CAPO HOUSS 
C 
C 1 1 - 4  
C 2 5 - 8  
C 3 9-12 
C 4 1 3 - 1 6  
C 5 17-21! 
C 6 21-24  
C 
C COLUHN VARIAgLE FORMAT 
C 
C 1- 4 I DENTIF I F  R O F  OAT ASET A4 
C 5- 6 SEQUENCE NUflSER PERTAINING T O  C4RD P O S I T I O N  (1-6) 12 
C 7-  9 YEAR OF DATA COLLECTION 13  
C 10-13 J U L I A Q  D A Y  I 4  
C 14-16  SOLAR R A D I A T I O N  * HOURS F3.1 
C 17-20 A I R  TEHPERATUSE * 1,5r9,13r11,21 F4eO 
C 21-24  DEW PT TEMPERPTURE F4eO 
C 25-29 W I Y O  MOVEMENT .+ F 5 0 0  
C 30-32 SOLAR RAOIAT I O N  HOURS F3.1 
C 33-36 A f  R TEMPERATURE 2 , 6 q 1 0 1 1 4 9 1 8 r 2 2  F4.0 
C 37-40 DEW PT TE~PEPATURE .. F4.0 
C 41-45 W I N O  MOVEMENT * F 5 0  O 
S 46-49  SOLAR E A C I A T I O N  * HOURS F3.1 
C 49-52 P I S  TEYPERATURE * 3 r t r i i r 1 5 r i 9 r 2 3  F4.P 
C 5 3 - 5 6  DEW PT TEMPERATURE .c f4 .0  
C 5 7 - 6 1  W I N 0  MOVEMENT f5.0 
C 62-64 SOLAR Z k O  I A f  I O N  * HOURS F30 I 
C 65-68 k I R  TEYPERATURE * G18r12 ,16 ,20rZ t  F I o G  
C 69-72 DEW PT TEMPERATURE * F 4 0  0 
C 7 3 - 7 7  W I N 0  MOVEMENT + F5.0 
C 
C 
C + * * * + + * * C * * * * * * * * * * * * * * * * * * * * * * * * * * + * ~ * * * * * * * * ~ * * * * * * * * * * * * * * * * ~ * * + * * * ~  
C+++****+r*+****++* INPUT + OUTPUT UNITS +*i+ *+e***i4******4+*e**e. i*44+** 
C * ~ * * * * * * + * e * * * * * * + c * * * * + * * - C * * * ~ * * * ~ * i * * * * * * * * * * + * * ~ * * * * * * * + ~ * * * * * * * * * + *  

C 
C TPPE3= M07He MUST HAVE 6 C A W S  FOR EJERY J U L I A N  DAY (ERRORS N I L  
C OETECTEO B Y  PROGRAM). I F  YOU HAVE A COMPLETE YEARS DATA 
C MUST HAVE THE FIRST DAY O f  THE NEXT YEAR AFTER THE LAST 
C OROZR TO GET DAILY AVERAGES FOR THE LAST D A Y *  
C TAPE&= L I N E  P R I N T E R  OUTPUT OF OAILY AVERAGES 
C TAPE6= CAPO IMAGE Ma70 DATA ( D A I L Y  AVERAGES) TO BE PUNCHED 
C T APE61= EFP.OR YESSAGES 



C+++re++++++*r**+*+ VA~IABLFS ++***++++++*+e+***++eae*w*++*** i~r++++e****  
c + + * * * * + + + + + * + + * * * * * * C * * * * * . r c * * ~ * * * r * + * + * * * * * * ~ * * * * ~ * * * + * * * * * * * + ~ * * + * * * * *  

C 
C A XOE+4TIFIER FOR DATA SET MO7O ( D A I L Y  AWESAGES OF M07H)  
C AT A I R  TEMPEPAT URE FROM TAPE3 
C DAY ARRAY CONTAINING SUhRISE (OF CURRENT JO)  9 DAYLENGTH (OF CU 
C CURRENT JO) 9 SUNSET (OF CURRENT JO) 4 N O  SUNRISE (OF NEXT J b )  
C OP DEW POINT F R O M  TAPE3 
C ICOUNT NUMSEf OF L I N E S  OF P R I N T  PER PAGE 
C X I r )  COUNTER FOR NUNBER O F  RECORDINGS OF SOLAR RADIATION 
C 1 DAY INTEGEP COUNTERPART O F  VARIABLE D A Y  
C I E Q 3 C  COUNTER O F  ERRORS FOR TAPE3 I f  NOT 6 CARDS PER DAY 
C ILOOP TOTAL D A Y  LENGTH F O R  DAILY AVERAGED DAY 
C I Y  D A I L Y  4VERAGEO S O L A R  RADIATION 
C IQ. I E  COUMTEQS USE0 TO READ I N  HOURLY OATA 
C I S E Q  SEQUENCE CHECK FOR 6 CAROS PER 0 4 7  
C IYEAR YEAH 
C JULCK DAY SEQUENCING CHECK VARIABLE 
C JULOAYd J U L I A N  D A Y  INOICATORS USED TO CHECK FOR MORE OR LESS THAN 
C JULDAY2 6 C A R @ S R E A O I N O N f N P U T F f L E T A P E 3  
C JO J U L I A N  DAY FROM INPUT F I L E  TAPE3 
C N A COUNTER USED TO R E O 2 O E R  INPUT DATA I N T O  DAY AN0 NIGHT 
C NLGTH MIGHT LENGTH FCR D A I L Y  AVERAGED DAY 
C SOLAR ERROR CHPQACTER 4 / )  FOR SOLAR RADIATION < 5 0  AND > 990 
C SR SOLAR R A O I A T I O N  FROY TAPE3 
C SSR SUY OF SOLAR RADIATION 
C SWSO SUY OF WINO MOVEMENT DURING THE DAY 
C SWSN SUY OF WINO MOVEMENT DURING THE NIGHT 
C SNAT SUM OF NIGHTIME A I R  TEMP + A V G *  NGf TEYP 
C SNOP SUN OF NIGHTIME DEW POINT TE!IP + AVGo NGT OEW TEMP 
C SOAT SUM O F  DAYTIME n I R  TEMP + AVGo D A Y  TEHP 
C SOOP SUY OF DAYTIME DEW P O I N T  TEMP + A V G *  DAY DEH TEMP 
C WS WINO MOVEMENT FROM TAPE3 
C XOAT HPX OAYTIHE A I R  TEMP 
C X D O p  MAX DAYTIME DEW POINT TEMP 
C XNAT M I  N NIGHT I M E  AIR TEWP 
C XNDP M I N  NIGHT IME DEW POINT TEMP 
C XAT STORAGE ARRAY FOR A I R  TEHPERATURE O I V I O E O  I h T O  NIGHT AND DAY 
C XDP STORAGE ASRAY FOR DEW P O I h T  TEMP D I V I D E D  INTO NIGHT AND DAY 
C XSR STORAGE ARRAY FOP SOLAR R A D I A T I O N  OfVIOEO I K T O  NIGHT AND DAY 
C X WS STORAGE bRRAY FOR WIND MOVEHENT O I V I D E B  INTO NIGHT AND DAY 
C Z REAL FORHAT OF I Y  
C 

DIMENSION S R ( 2 ~ 2 4 ) 1 A T ( 2 r 2 4 )  t O P ( 2 1 2 4 )  -28  *DAY (48,IOAY ( 4 1  
1 , X S R ( 3 0 ) r X A T ( 3 G ) r X W S I 3 0 ) , X D P I 3 0 )  

OATA (SOLAR=IDH 1 )  
C ~ S $ % ~ S ~ 8 $ B % $ $ % $ B 8 $ ~ ~ $ $ B $ $ B $ $ 2 ; S ~ S ~ $ $ $ % Z % $ ~ % S ~ 3 $ $ ~ ~ ~ ~ ~ 3 ~ 3 S ~ ~ % ~ ~ ~ ~ % ~ ~ ~ S ~ ~ %  
C CHECK FOR 6 SARDS PER DAY I N  ASCENOING SEQUENCING ORDER 1-6 
C AND THAT DAYS ARE CONSECUTIVE, CHECK FOR EACH HOURI A I R  T E W  > 
C DEW TEMP* 
C B R S % U S % X $ R ~ S S B $ $ § ~ B % $ S $ S ~ ~ L S S ~ F $ B ~ $ L $ $ $ $ ~ $ $ S ~ $ $ S % S ~ % ~ $ ~ % $ ~ ~ % ~ $ ~ $ $ ~ ~ ~ ~ ~ ~  

R E A D ( 3 t Z O I )  ISEQ, I Y E A R t J U L C K  
BACI<SPACE 3 
JULCK=JULCK-I 
IERRC=Q 

205 00  200 3~1.6 
I f ( J * N E * l )  GO T O  202 
READ (39  201)  ISEQ, IYEAPvJULOAY 1. IXAT (Nl WXOPtN) , N = i * 4 1  

281 F O Q M A T t G Y 1 1 2 ~ 1 3 1 l X , 1 3 9 4 ~ 3 X ~ 2 F b *  015x1 1 
I F ( E O F ( 3 )  2 5 0 9 2 0 9  

202 REA0(3,201) I S E Q ,  IYEAR,JULDAY29 (XAT(N) IXOPIN) t N = I  941 



I F ( E O F ( 3 )  1 2 4 0 r 2 C 3  
2GO WRITE  ( 6 1 9  2 4 1 )  
2 6 1  FORHAT(# CAN NOT HAVE LESS THAN 6 CARDS ON L A S T  DAY*) 

STOP #QROl3LEM W I T H  INPUT# 
203 CALL f RRCK(XA1,  XOPr I E R R C r  XYEAR. JULOAYZ, I S E Q )  

I F ( 1 S E Q o N E a  J)  H R I T E ( 6 l r 2 1 0 )  IYEAR,JULDAYl  
I F ( I S € Q o N E o  J)  I E F R C = I E R 2 C + I  
I F (  JUL04YI .EQaJULDAY2b GO TO 2 0 0  
WRITE 161, ZOB)  IYFAR,  JULDAYI, JULDAY2 

204 FORMAT(# PROBLEM ON I N P U T  F I L E  TAPE3 3ETWEEN YEAR*, I 3 , #  J U L I A N  
'OkYSf r I  4 t f  A N n # r I 4 )  

GO T O  2116 
209 CALL  ER?CY(XAT, KDP, IERRC1IVEAR, JULOAY1, ISEQ) 

I F ( J U L D A Y l o E Q o 3 6 6 )  GO TO 2 1 1  
I F  (JULCUaGEo 3651 JULCKZO 

211 I F ( I J U L C K + I ) . E Q * J U L D A Y l )  GO TO 2 1 3  
H R f T E C 6 i r 2 1 2 )  IYFAR,JUCCK, J U L D A Y I  

212 FORMAT ( #  DAY M I S S I N G  9ETWEEN Y E A R t , I 3 r f  J U L I A N  O A Y S # r I 4 r f  A N D # r I 4 )  
I E R R C = f  E R R C t 1  

2 1 3  I F t I S E Q o E Q a J )  G O  TO 2 0 0  
WRITE (61,210 1 IYEAQ, JULDAYI 

210 FORMAT(# CWSOS OUT OF SEQUENCE Y E A R # r I 3 r #  J U L I A N  DAV g.13) 
I E R R C = f  E R R C t I  

200 CONTINUE 
JULCK-JULDBY 1 
GO TO 205 

206 IERRC=IERRC+ 1 
EJACUSPaCE 3 
JULGK=JULDAY 1 
GO TO 2 0 5  

250 IF (1ERRCa NEo 0 )  STOP #PROBLEM k I T H  f NPUT * 
REWINO 3 

C ~ % B $ B ~ $ % ~ B $ 8 8 $ % % ~ % $ L S % B S % t . 6 $ ~ 8 8 8 ~ 8 Z S 3 i L 3 3 ~ % ~ ~ ~ S ~ S ~ ~ S % S ~ ~ % $ % 3 % ~ ~ ~ S ~ ~ S S % ~ ~  
C SET I N I T I A L  INDICATORS + ARRAYS 
C B % $ 3 ~ % S S B f S $ 8 % $ $ $ ~ $ $ $ $ $ $ 8 $ % ~ ~ % $ S % $ $ S $ ~ ~ $ $ S $ $ ~ S ~ ~ ~ $ ~ $ ~ $ ~ % $ S S ~ % $ ~ ~ ~ % S $ ~ S S  

ICOUNT=28 
A=4HM070 
I XIO=O*  

ERRORS= 1 0  H 
XDAT=XDOP=XNAT=XNDP=SWS3=SSR=SN4T=SNOP=SOAT=S~D~=SUSN=O 

C % % 8 $ S t E $ % % % $ t B S $ $ S R § S $ B $ $ % $ ~ f ~ ~ 3 ~ L d t b ~ 3 U S $ $ $ % ~ $ % ~ $ $ ~ $ ~ $ ~ ~ ~ ~ S ~ ~ $ $ % ~ $ $ $ ~ $  
C REAO I N  CURRENT DAY AND FOLLCHING DAY 
C $ S ~ 3 % f $ S B $ % 8 B B $ % $ 8 ~ $ S $ R ~ S $ $ t B B $ ~ $ $ ~ $ ~ % $ S ~ $ ~ § $ S % 3 ~ ~ $ ~ ~ ~ $ $ ~ ~ 3 $ $ 3 S  

00 1 5 5  I O I = 1 9 2  
1 Q=l 
I E = 4  
D O  1 5  M = l r 6  
READ ( 3 9 1 0 )  IYEAR, J 0 1 1 0 I ) ,  ( S R ~ I O I I I )  r A T ( I O I 9 1 )  r D P ( I O 1  ,I) r W S ( I O I * I  

1 1 r I = I Q r I E )  
1 0  FORMAT (EXrX3rX~I3t4(F3olt2F+aO~F5a 0 )  1 
If ( E O F 1 3 ) )  30-31 

3 2  f Q = I Q + b  
15 I E = I E + 4  

155 CONTINUE 
0 0  989 Jz1.6 

989 BACKSPACE 3 
C S $ 8 $ % 8 $ S S $ $ $ S $ $ % $ % $ ~ $ $ $ $ ~ S B $ $ B 8 S $ ~ S $ ~ ~ $ $ $ S ~ ~ ~ $ ~ U $ ~ ~ $ $ $ ~ $ ~ ~ $ ~ S S ~ $ ~ $ S $ ~ 3 $  
C CALCULATE SUNRISE, OAYCENGTHr AND SUNSET OF CURRENT JD AN 
C SUNRISE OF THE NEXT J O  
C t  % S $ t S f  BB8t$$SB%$$S$dSSS $ $ 3 S $ $ $ $ t $ $ $ $ % $ $ $ $ $ S ~ $ S $ ~ $ ~ S $ S % ~ ~ ~ S ~ % $ 3  liSSS$SS$ 

I( = J D ( 1 )  - 86 
I F  (K eLT. 48 K = K + 365 
D A Y l i )  = 6.06666 - 1.675 'SIN(K+oO17214)  



U = K + J O ( 2 )  - J D ( 1 )  
D A Y ( 4 )  = 6.06656 - 1 .615*S IN(U* .017214)  
K = J O ( 1 )  - 8 1  
I F  (K oLT.  0 )  K = K + 365 
D A Y ( 2 )  = 12.23333 + 3o3SiSIN(K* .017214)  
00 6 K = 1.4 
XF(K.EQ.3) G O  TO 6 
I D A Y ( K ) = I F I X  (DAY( K) 1 
X = 1 D A Y ( K ) - f C O A T ( I O A Y ( K ) )  )+60. 
I F  ( X  oGE. 3 0 . )  I 9 A Y 1 K )  = I D A Y t U )  + 1 
I F  (UmNE.2) I D A Y  ( K ) = I O A Y  (K) +I 

6 CONTINUE 
C****  ONE D A Y  I S  AODEO TO SUNQfSE CPLCULATIONS SECAUSE Of 
CW++* METHOD OF DATA COLLECTION*  

I D 4 Y  ( 3 )  = I D A Y ( 1 )  + I D A Y ( 2 )  
NLGT H = 2 4 - I D A Y  (3 + I D A Y  44) 
I LOOP=NLGTH+IDAY(Z)  
NA=IOAY (1) 

C % S 8 $ % $ 8 % $ 8 ~ $ 8 $ % % S $ $ B 8 $ R t ~ ~ 8 t S S B S S $ $ ~ ~ S $ ~ $ S $ ~ ~ ~ $ ~ $ ~ ~ B % S ~ $ ~ $ 3 ~ 3 $ $ $ ~ 3 % S ~ % ~  
C PUT INPUT DATA I N T O  DAY AND K I G t i T  OF CURRENT J U L I A N  OPY 
C $ S $ $ ~ $ % $ % % $ $ $ $ R B $ S % 8 $ ~ S ~ B $ % ~ ~ B S I % ~ ~ ~ 8 ~ ; 6 ~ $ $ ~ ~ ~ $ ~ ~ ~ $ ~ $ 3 $ ~ ~ $ $ $ ~ ~ % $ ~ ~ S ~ S ~ ~ $  

DO 018 J= i .3D 
816 X A T f  J)=YDP(J)=XWS ( J ) = X S R ( J ) = O  

0 0  9 1 9  J=lr 1 0 0 0  
XAT ( J ) = A T ( l , N A )  
kOP4 J ) = D P ( I , N A l  
X S S ( J ) = S R ( I , N A )  
XWS(J)=WS ( 1 9  NP) 
I F t N A . E Q e 2 4 )  GO TO 918 

919 NA=NA+d 
9 1 8  K = I O A Y ( 4 )  -1 

00 9 1 7  N A = I * K  
J = J + I  
XAT ( J ) = A T  ( Z t N A )  
X S R I J ) = S E  (29NA)  
XWS(J)=WS ( 2 r N A )  

9 1 7  XDP( J )=DP (2+NA)  
C ~ ~ ~ S % $ $ B $ % 8 $ ~ % 5 ~ $ $ $ ' 6 S $ $ ~ 8 $ ' 5 S $ $ $ $ S ~ ~ $ $ % B $ S $ ~ ~ $ ~ ~ % ~ % % S S ~ % ~ ~ ~ ~ ~ ~ S ~ ~ ~ ~ % % ~ ~ ~  
C PROCESS 24 HOURS OF XSR. XATr  XDP. XWS TO GET D A I L Y  4VERAGES 
C B $ B ~ B B % % % $ % S $ % B I ~ ~ ~ S $ $ 8 $ S S ~ ~ t B $ $ % S € f ~ t % $ $ S ~ $ % ~ $ ~ % $ ~ ~ ~ ~ ~ $ ~ ~ % ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S  

00 3 J=lr  I L O O P  
IF( J a L E e I D A Y  ( 2 )  1 GO T 0 4 

C 
C NIGHT XME 
C 

SWSN=SWSN+XWS(J 
SNAT=SNAT+XATtJ)  
SNDP=SNDP+XOP(J) 
I F ( J e G T o I D A Y ( Z ) + l )  GO TO 5 
XNAT =XAT i J) 
XNOP=XOP 4 J) 
G O  T O  3 

5 I F  I X A T l J I  .GEe XNAT) GO TO 8 
x N a T = x a T (  J) 

8 I F  ( X O P t J )  .GEa XNOp) GO TO 3  
XNOP=XDP ( 3) 
G O  TO 3 

C 
C DAYT I M F  
C 

4 SWSO=SWSD+XWS(J 
I F ( X S R ( J ) e L E . O )  GO TO 60 
X I O = X I D + l .  



SSR=SSR+KSQ J) 
SSR=SSR+XSR( J)  

60 SDAT=SOAT+XAT(J) 
SODP=SDOP+XOP(J 1 
I F ( J , G t . i )  GO T O  1i 
XDAT=Xbf  ( 3) 
XODP=XDP( J) 
GO TO 3 

11 I F  I X A T ( 3 )  OLE. X O A T )  GO TO 1 3  
X D A T = X I T (  J) 

13 I F  ( X O P ( J )  .LEO XOOP) GO TO 3 
XDDP=XOPt J) 

3 CONTINUE 
C ~ 8 $ % $ ~ % $ ~ $ B $ % ~ % $ ~ $ S $ $ % $ $ S ~ B $ ~ ~ $ $ $ $ ~ t $ $ $ $ ~ % ~ $ $ ~ $ % ~ ~ ~ 3 ~ ~ ~ ~ ? % ~ 3 ~ ~ ~ ~ ~ ~ ~ ~ ~ % ~  
C MAKE NEW DATA FILE H07D 
S 6 3 6 8 8 % $ $ ~ $ 3 S % % % $ $ $ 2 1 ~ ~ 3 $  $ $ S f  S B $ $ $ S 8 B ~ t t % S ~ S ~ S ~ S ~ S % 3 % % ~ $ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ ~ ~ $ ~ % %  

I c ( X I O * G T . O a )  GO T O  75 
I Y = O  
SSR=O. 
GO TO 76 

75 S S P = ( S S P / X I D ) * I  XIUC60. 
1 Y=TFIX(SSR*I f i .  +.OS) 

76 I F ( S S R e L E e 9 9 0 e )  G O  TO 77 
SSR=990 
I Y = 9 9 0 9  

77 SHSO=s 322+SWSO 
SHSN=*322+SWSN 
I F t S H S O . C E * 9 9 * I  SHSO=99* 
IF (SWSN*GE*  990) SWSN=99* 
SOAT=SD4T/IOAY 1 2 )  
SOOp=SOOP/I OB71 2) 
SNA T=SNAT /NLGTH 
SNDP=SNDP/NLGtH 

C CHECK ERR3RS FOR A A D I A T I O N  
1FtSSR.GE .600..0fi.SSR.Li050*) ERRCRS=ERRORS*AYD*SOCAR 
W R I T E ( 6 r t O )  A,IYEAR* JO(II .IYI~OAT.X13AT*SNAT* XPiAT~SOOP*X3DP,  SNDP*Xb 

+DP,SWSO*f WSN,IDAY 42) 
7 0  fORYAT(14r213rI5riOF5ei* I 3 1  

C I S  HEADING NECESSAQY 
I F  ( ICOUNT oLE.27) GO TO 80 
WRITE (b.20) 

20 FORYAT ( # l f  , / / q l ? X  r 2 ( 2 X v # A U G  MAX AUG H I N * )  , 6 X * f n I N O f  r/,i4X* 
*#SOL*,212Xr#OAY DAY NGT NGTf I * #  YOVEHENT Q 4 Y f  , / *  
* f  I 0  YR JD S P O f r Q ( t  T E H P # ) * 4 ( #  D P f l + #  DAY NGT H q S f )  

ICOUNT=O 
8 0  U Q I T  E (49 16) d r  IYEAR.  J 0 ( 1 )  * S S P *  IDAT, X D A T * S Y A T ~ X N P T ~  5 O D P ~ X O O ~ ~ S N ~ ~ ~  

1XNDPr SUSOvSWSN* I D A Y  (2) *ERRORS 
16  f O R H A T ( # O # ~ A 4 ~ 2 I 3 ~ F 6 ~ 1 ~ l O F 5 ~ i ~ I  3rA3.01 

ICOUNT=IC  OUNT + l  
GO TO 1 

30 STOP #EN0 OF RUN# 
EN0 
SUBROUTINE EAFSK ( X A T  *XDP,IE$SCr IYEAR,  JULOAY 9 I S E Q I  

C 
C CHECK TO SEE I F  A12  TEHP* ( # A T )  IS > DEW TEMP (XDP)  FOR 
C HOURS PASSED* 
C 

OIHENSION X A T  ( 3 0 )  ,XOPt30)  
0 0  1 J=i,G 
I F ( X A T ( J 1  .GE*XDP(  J) GO TO 1 
I E R R C = I E R R C + l  
IHOU6?=( I S F Q - I ) * 4 +  J 
W R I T E ( 6 l r  2 )  IYEARIJULOAV IIHOUR 



2 F O R M A T ( #  FOR Y E Q F f , I 3 , #  JULIAN 0 A Y # t 1 4 r f  H O U R f v I 3 , #  A I R  T E M P f t  
i f  < DEW TEMP#) 

i CONTINUE 
RETURN 
END 

G P O  986-969 



P CIFIC NORTHWEST FOREST ?P 
AND RANGE EXPERIMENT STATION is to  provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and 
levels of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with main 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made ,,* 
available promptly. Project headquarters are at: 

Fairbanks, Alaska Portland, Oregon 
Juneau, Alaska Olympia, Washington 
Bend, Oregon Seattle, Washington 
Corvallis, Oregon Wenatchee, washington 
La Grande, Oregon 

Mailing address: Pacific Northwest Forest and Range 
Experiment Station 

P.O. Box 3141 
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