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A-BSTRACT: N€t precipitaion under old Fo\r,th Douglas fir forest in
the Bull Run Munjcipal Watershed (Portland, Oregon) totaled 1739 mm
dudng a 4Gweek p€riod, 387 mm more than in adjaceni clearcut areai.
E\pressing data on a full water year basis and adjusting gross precipita-
tion for losses due to rainfall interception suggest fog tlrip could have

added 882 mm (35 in) of water to total precipitation during ayear wheo
precipitation measured 2160 mm in a raia gagp in a neerby clearing.
Sbndard rain gages installed in open areas where iog is common may be

collecting up to 30 percent less precipitation tha-n would be collected
in the forest. Irng term forest management (i.e., timber harvest) in
the watershed could reduce ainual water leld and, more importantly,
summer stream flow by reducing fog drip.
(KIY TEtuVS: precipitation; precipitation measurement; fog inter-
ception; water balance; siream flow; clearcut logging.)

INTRODUCTTON

Analysis of stream flow data for the Fox Creek experi-
mental watersheds, localed on the Bull Run Municipal Waler-
shed in the western Cascades about 40 km east of Portland,
Oregon, indicated a small (( 20-mm) decrease in annual water
yield from two 25 percent patch logSed watersheds instead of
the expected 100 to 150 mm ilcreases in water yield (Harr,
1980), Thh is contrary to results of other studies in westem
Oregon in which increases in annual water yield from partially
logged watersheds averaged 150-200 mm the first si\ years

after logging (e.g., Rothacher, 1970; Harris, 197'l,Hatt,etal-,
1979). In addition, the number oflow flow days, i.e., days
with flow below an arbitrary base level, increased during many
postlogging years at Fox Creek. This suggests summer florvs
have decreased lollowing logging, a result also cont(ary to what
has been found in the other studies in western Oregon. Usua1ly,
reduced evapotranspiration makes more water available for
strean flow, both on an annual basis and during the $ilnmer
low flow period.

Reduction of log interception ard drip was hypothesized as

a possible cause of the lack ofircrease in annual yield and for
the increases in number of low flow days at Fox Creek (Harr,
1980). Fog is common at the 84G1070 m elevatior of the Fox
Creek wstersheds, and field crews have reported precipitation
(fog drip) under the forest canopy in all seasons at times when
no water was collected by a rairl gage located in a clearing
nearby. If the forest stands that were logged had contributed
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substantial amounts of fog drip to annual precipitation, then

cutting these stands may have allered the amount ofprecipita-
tion received by the watersheds, offsetting reductions in eYa-

porative losses, thereby reducing net water yield. Because the

Fox Creek watersheds are within the City of Portland's 227

km2 Bull Run Municipal Watershed, decreases in net precipita-

tion could impact annual and seasonal water yields and reduce

municipal water supplies. This could be most important dur-

ing low flow periods when a large percentage of the flow is re-

tained in storage reservoirs.

S€veral studies of fog drip beneath trees along the Pacific

Coast have measured fog or cloud interception and drip. In
general, these studies have shown that t}le amount of drip is

directly related to the area and density ofthe tree profile and

to the degree of exposure of trees to windblorvn fog. On the

Oregon coast, annual precipitation under the forest canopy

was 520 mm (26 percent) greater than in the op€n (Isaac,

1946). During a 46-day rainless period during sununet in
coastal northern California, fog drip beneath 18 nt tall Douglas

lu trees ranged up to 425 mrn (Azevedo and Morgrn, 1974).ln
Harvaii, Ekern (1964) measured 760 mm of fog drip under a

9 m tall pine tree, a 20 percent greater annual precipitation
than that measured in the open. Other fog drip measurements

during rainles periods include 1524 mrn and 52 mrn beneath

an e5posed tanoak tree and a sheltered redlvood tree, respec-

tively, dr.iring the sunlmcr (Oberlander, 1956) and 57 mm per

month beneath exposed knobcone pine in southern California
(Vogl,1973).

This exploratory study was done to determine if renoval
ol forest vegetation could have decreased net precipitation
(gross precipitation plug fog drlp minus interccption loss) at

the Fox Creek watersheds and to detennine if additional log

related research is warranted.

METTIODS

A randomized block design with trvo replications was used

to evaluate dillerences in net precipitation between forested

and clearcut areas. Net precipitation was measured with a

series of eight 24.4 m long collector troughs. Two troughs were

rardomly located in each of two logged areas (Figure l) and
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one Llnlo[€ed stand within Fox Crcek lvatershed I and one
unlogged stand just oulside Fox Creek watcrshed L Ovcrstory
vcgetation in the loresled arcas consisled of old growth Doug-
1as frr (Pseudotsuga lrorziesii (Mirb-) Franco) and rvcstem
hcmlock (Isuga liererophl'lla (Raf .) Serg.), 46,5 5 m tdll, ml\ed
with younger Prcific silver fir (lbies ariraDila (Dougl.) orbes).
Canopy density of the forest ranges frorn 60 1o 90 perccnt.
The clearcul areas, which uere loggcd in 1969, support pri-
marily fircrvced (Epilobium atlgltstifolium L.), Alaska huckle-
bcrry (Vaccittium olaskaense How.), and nuincrous young
Douglas fir 1rces, 1.0 to 2.5 m high.

Figure 1. P.eciFilation Collcclor Trough and Slorage Tank.

Collector troughs were construcled from 3.8 cm diarneter
polyvinyl clLloride pipe with a 6 or 7 mm rvide opening cut the
full length of the pipe. The openings werc cut offccnter to
rLinimize splash oul of the lrough. Two 12.2 m trough sections
dreined (4 pcrcenl gradient) into a single, covered 200 liter
tank. Total storage capacity ol each tank was equal to ap-

proximately 1000 rnm of net precipitation. about 25 percent
more than the maximun] three-week gross precipitation mea-

sured at Fox Creek in 18 years.

Net precipitatjon at each site was deterrnined by measuring

the distance betq'een the tank cover iurd tlle water surface.

Tie difference between successive measurenrentsequaled depth
of water collected since the last llleasurement was made. The

aJea of opening of each collector trough was itlso rneasured-

For troughs in the open, a 10 mm increnlent of watcr depth
in the storaSe lank equaled l8 rnm of net precipitalion; for
the forest plots, I 0 rnm of rvater depth equaled l6 rnm of net
precjpitation- N'leasur€ments ofnet precipitation began in nid-
September 1979 and continued until stopped by deep snow

and freezing weather in nid-December. N{easurements resumed

in May 1980 and continued until mid-Novcrrber 1980. No
lneasurements rvere possible during winter and e ly sp.jng be-

cause storage tanks were frozen and snow covered parti of
several collector troughs.

RhSlll.TS AND DISCUSSION

Ovcr the 40 rveeks ol nlces\lremcnt, net precipitation undcr

the forest tolaled 1739 nm compared 10 1352 rrm in the

clearcuts (Table 1). During the sarre period, 1388 rlm ofpre-

cipitation \las mcasured in a stanclard rain gage in a clearing

nearby. The greatcst relativc diffcrcnce (44 percent) belrveen

forest and clearcut occLrrred in the late sPring and sunmer.

During the trvo lall seasons, differences bct',vccn forcst and

clearcut were 22 and 1t percent.

Analysis ol varilnce did not sho$' a st3tiltically significant

ilifference in nct lrecjliltltion bcl*ccn forested and clearcut

areas. Still, these comparative ,131x 5[,lLrld be seriously con-

sidered for sev.ral reasons. First, thcy aLe supported by obser'

vations by field cr$vs rvho havc witncsscd fog precipitation

in the forest on ntlnreroLrs occasions when no rilinfall occurred

in the opcn. Seconclly, mean net Precipitation for the forest

was grealcr th3n for clearculs in I 1 of l3 lreirsurenlcltperiods.
In each of the other two periods, the cleatcut nlcan wls the

largcr because of onc e-\ceplionillly large and Llnexplained value

that was 55 percent greater than the ncan of foLrr values in

one casc and 176 perccnt grcrter in the other case.

,Although net prccipitation mcasilrelrents were not made

during five months of rvinter and early spring, asscssrllcnt of
fog drip's contribution to Prccipitation over the cntirc 1980

water year has been attefirpted. For the 40 weeks of rllcasure-

nrent. lhe difference in nrcan nct Precipitation between the

forest and the clcarcuts was about 30 Pcrcent (Tab1e l). This

incrcase, however, results primarily fiom the relative dif-

fercnces in net preciPitation betwcen forest and clearcuts mea-

surcd in late spring and sumtler and should not be cxtrapolated

to an cntire rl'ater year.'fhe rclative differcnce in nct Precipita-
tion bctween forest and ciearcuts in the winter was probably

similar to those observed during the fall periods because fall

and winler storms are similar. Thus, for the putposes of this

analysis, net precipitatjon under forest in wintcr has been con-

servatively estimated at l7 percent more than in clearcuts. If
net precipitation in the clearcuts is assurned to have been 963

mm or the same as that mcasured at the standard rain gage

during the winter period, then Precipitation under the forest

would have been about ll30 mm (Table 2). Thus, for the

1980 water year, net precipitation under the forest and in the

clearcuts rvould have totalcd 2494 nim and 1996 nlm! respec-

tively, a difference of 498 mm or 25 percent. In other words,

fog drip may have been sufficient to not only offset rainfall

intercepted by the forest and evaporated but also to provide

an additional .198 mn of rvater to the forest.

An estimate of the contribution of fog drip to gross annual

prec\ritation can be made by applying precipitation through-

fall relationships lrom Rothacher's (1963) study ol inter-

ception by a sinilar old growth Douglas fir lorest where fog is

much less comlnon (Tab1e 3). For storms in the May'September

pcriod, throughfall = 0.831 x gross precipitation - I l 68 mm.

During the rainy season, which corresponds to the fall and

winter seasons of this study, throughlall in Rothacher's study

averaged 86 Percent of Sross precipjtation. Adjusting measured

fall and spring-summer catch data and estimated \rinter data

for the clearcuts yields ,198 mm, 828 nrm, and 286 rnm lor

llalr

786 WATER BESOURCES BU L LETIN
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TABLE l. Mearured Precipitation in Forest and Oearcuis.

N€t Precipitation

Me3rurement
Ilate

IJngth of
Collection
lnterval
(days)

Forest
Mean
(mm)

Forest
Standard

ErIo(
(rnm)

Oearcut
Mean
(mm)

OerJcut
Standard

Error
(mm)

Fall 29
2t
20
20

90

19
2t
22
2l
20
)1

t25

20
23
l9
62

1M
202
l1'7
284

't 07

2'13

109
76
45
25

129

6s7

130
4',l

198

l'7 39

t2
30

8
2',7

37
13
22

1
5

30

15
10
31

't2

102

578

154
96
'78

15
10

102

455

94
45

180

319

1352

18
40
2t
59

l6
47

5
6

16

9
t2
45

Spring/Slmmer

Fall

4Gweek Total

1}t'l-'19
l1-0&79
rt-2v19
t2-r8-19

TOTAL

0G03-80
0G2+80
07-1G80
0&0G80
0&26-80
0917-80

TOTAL

lG0?-80
1G3G80
1l-1&80

TOTAL

Season

Forest
(mm)

Oe3rcuts
(mm)

TABLE 2. Net Precipitation Under Forest and in
clearcuts lor 1980 water Year.

those respective seasons a total of 1612 nun. Inotherwords,
in the absence of fog drip, the troughs under the forest canopy

would have collected throughlall totaling 1612 mm. The dif-

ference between l6l2 mm and 2494 mm described in the pre-

ceding paragaph most likely would be fog drip. That is, fog

drip wor.rld have accounted for 882 mm of precipitation under

the forest canopy during the entire October I-September 30

water year.

Explonation of Stream Flow Anoftalies

Results of the log drip study appear to explain several

aromalous results ol the Fox Creek stream flow study des-

cribed earlier (Harr, 1980). At the rain gage in a clearing near

the outlet ol watershed 1, annual precipitation averaged 2880

mm during an l1-year prelogging period, during which timc
annual water yield averaged 94 percent of annual precipita-

tion. This percentage is much higher than those observed else-

where within the same general climatic and vegetation zones

as the Fox Creek watersheds and allows only about 150 mm

for annual evapotranspiration. This is approximately olly a

sixth of estimated evapotranspiration and interception at Fox
Creek (Luchin, 1973). In the Doug)as fir region of western

Oregon, average annual water yield has ranged from 5l to 78
percent of average annual precipitation (Rothacher, et al,
1967; Fredriken, 1972; Flarris, 1917l. Hart, et aL, \979). lf
the figure for average annual precipitation at Fox Creek of
2880 run is supplemented by the estimate of fog drip's con-

tribution to precipitation described here, then anoual precipi-

tation would have averaged 37 62 mm during the 1l prelogging

Fall 1979
Winter 197980
Spring/Summer 1980

't07

1130*
65',7

2494

578
963 *

455

1996

'Estimated from standftd rain gage data.

TABLE 3. Predicted and Mearured Net Precipitation
Ijnder Forest for 1980 \Yater Year.

ftecipitation Under Fotest

ftedicted
(mm)

Me3sured
(mm)

Fall1979

\6nter t919,8O
SprinC/S\mmer 1980

49 8"
828a'b

286"

t6t2

'to7

l13oa
65',7

2494

aEstimateal 
from stanalard rain gage data.

bob,"in.d b" adjusting cl4rcut catch aiata for rainlall interception
loss (Rothacher, 1963).
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years. Watcr yieJd would have averaged 72 pcrcent ofannual
precipitatjon, a pcrcentage more in line with those of other
studies.

A second apparent anornaly in the Fox Creek stream flow
study can be explained by results of this fog drip study_ Harr
(1980) reported slight decreases in annual water yield from
small watersheds after logging in clcarcut patchcs totaling 25
percent of watershcd area instead of the expected 100 to 150
mm increases suggcsted by results from other siinilar studies
in western Oregon (Rothacher, 1970' Harris, 1977;Hatt,etaL,
1979; l1tr, et aL, 1981). If the logged wa{ersheds had re-

ceived 3770 mm of precipitation from rain, snow, and fog drip
insiead of the 2880 rnm of rain and snow mcasured in the rain
gage in a clearing, precipitation amounts could have bcen al-
tered by logging- Alter logging, average annual precipitation
would have bcen (3762 x 0.75) + (2880 x 0.25) = 3542 mm, a

reductjon of 220 mrn. Thus, the expectcd increase in annual
waler yicld that should have been derived from reduced evapo-
transpiration on logged areas could have been ore than off-
set by reduced fog inlerception and drip.

A similar argument can be made to explain the decrease
in summer stream flow indicated by increaied nurnber of Iow
flow days after logging (llarr, I980). Fog drip accounted for
about a third of all precipitation received during the May-
Septernber period (Tab)e 1). Eliminating this third of precipi-
tation could have more than offset any increases in summer
stream llow that would have resulted from sharply reduced
transpiration in cleaJcut areas.

Results of this fog drip study can also help explain a dis-
crepancy in an analysis of water yield from the Bull Run
Watershed. Using a water balance approach, Luchin (1973)
found that annual water yield was 460 JnJn greater than pre-
dicted by his water balance analysis. This discrepancy was
finally attributed to computational crrors ard to the seepage

of ground water into the Bull Run MWatershed from adjacent
basins. If 882 mm of fog drip on only hail of the Bull Run
Watershed at elevations above those ofthe Fox Creek water-
sheds is included in Luchin's water balance, Luchin's 460-mm
discrepancy in annual water yield disappears.

Forest Management and Fog Dip
Results of this fog drip study, when used to explain results

of the Fox Creek stream flow, indicate that timber harvest
conducted as part of the iong term management of the Bull
Run Municipal Watershed could reduce the quantity of stream
flow, particularly during the summer. A preliminary analysis,
based on results of this study and on management still being
planned (GlerLn McDonald, Columbia Gorge Distdct, Mt. Hood
National Forest, personal communication, March 5, l98l),
suggests a maximum reduction in annual wateryield of220mm
or about 9 percent if comparable fog drip occurs over the en-
tire Bull Run Watershed.

Accurate assessment of the effects of timber harvest on
arnual and seasonal water yields will depend not only on the
long term management plan finally implemented but also on
the nature of fog drip itself. Additional information is needed
10 determine (1) the areai distribution of fog drip throughout

thc Bull Run Watershed, (2) whether reduced fog drip in q

clearcut is at least partially offset by increased fog drip in
an adjacent stand downwind, (3) at what age a newly estab-

lished forest begins to intercept substantial amounts of fog

once ag3in, and (4) il there is a reliable reiationship between
annual precipitation and annual fog drip.

SUMMARY

(1) Net p.ecipitation under forest totalcd 1739 In du.ing a

4Gweek period, 387 rnm rnore than in adjaccnt clearcut areas.

(2) Expressing data on a fuil water year basis and adjusting
precipjtation data for losses caused by rainfall interception
suggest log drip addcd 882 mrn of*ater to gross precipitation
['hen rain gage catch in a c)caring nearby totaled 2160 mm.

(3) Fog drip elirnlnated by removal oftrees during logging
appears to explain why expccled increases in postlogging an-

nual water yield were not observed and why summer stream
flow decreased after )ogging.

(4) Additional information about fog drip is needed before
the effects of long term forest management on rvater yields
can be accurately assessed.
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