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Abstract
Rip,tian rel.rlile hunidity gmdients $ere exumired al twelve sites east of the C.rscade Mountains in Oregon and washington in
1997. Relative humidity xr\ monitofed at iDcfeasing distances fronl stream edge to 30 m jn lhe adjaccnt ibrcsted stands. Within
10 lll of strean edge relatile humidil) *,rs similar to upland conditions wiih little change beyond l0 n1. ln 9 of the 12 sites
difTefences in mean minimuln felative humidit]' were significant (P < 0.05) betueen 0 and 5 nr. Thc length of rime that relative
humidity was less than 50% beiween 0 and 5 ln \\'as significant at 1 1 ofthe l2 sites. Diurnal tluctuations rangcs ofmore than 757.
RH \\' ith Draximums close to 100% occurred at night at rll sites. The diLrrnal pattern of temperairre is the dominant process in air
moisture rcgime in lhese eastside lbrcsts. The small daytine increases iD relaiive humidity close to the stream, which can be
maiDtained over shof distances by steep local topograph). are rpparently due to evaporation from wetted slrcam width and
transpiration fiom legetaiion immediatel) adjacent to the stream.

lntroduction

Aquatic communilics and adjaccnt riparian com-
munities are ecologically interwolen. Riparian
sourccs ofnutricnts arc thc staning block for many
aquatic food chains and cmcrging insccts and fish
are fbod sources fbr tenestrial fauna (Meehan,
1996). Nutrients from stream sources. such as
salmon carcasses, havebeen demonsfated to movc
through both aquatic and riparian pathways (Bilby
et al. 1998, and Wipfl i J997). Some animals (in-
sects and amphibians) have both aquatic and ter-
restrir l l i fe history stages. These h bitats in and
around streans are unique in fbrested landscapes,
and suppon diverse and specialized flora and fauna.
Many of thcsc riparian spccialists arc dcpcndcnt
on the higher amounts of moisture that are avail-
able close to streams. These include vascular plants
that are moisture obligates. anrphibians whose skin
needs to be moist. and non-vascular plants that
acquire moisture from the atmospherc. The higher
moisture levels found in riparian areas are pre-
requ i . i te  lo r  the  'u r r  i r r l  u l ' l he .e  rgan i . tn . .

The water in the stream channel. beneath the
charuel in the hyporheos. and en route to the chan-
nel through various groundwater pathways, all
con l r ibu te  to  the  r \a i lab lc  mo is lu re  in  r ipanan
zone. These sources of soil moisture are uti l ized
by vegetation, and indirectly enterthe atmospherc
via transpiratjon and directly by surflce evapo-
ralion. Evaporalion frorl the stream surlhce is a
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source of local air moisture. Perhaps it is only an
important contributor when dry conditions pre-
\ r i i  u i lh in  thc .unound ing  r ip l r ian  r re r ' .  : . ince
both evaporation from terrestrilLl surfaces and tran-
spintion by upland vegetation will be reduced
during periods ofhigh temperature and infrequent
prec ip i tn t ion  tha t  a rs  q , 'mmon dur inp  summer  in
eastem Oregon and Washington.

Prior to the early 1990's, thc investigation of
microclimate characteristics in forcsted landscapcs
was rare. Plant physiology work F,as done to ex-
amine moisture levels with rcspect to its impact
on l imiting growth (Hoffman 1973) in mostly
agricultural settings. Othe$ (McCaughey et al.
1997) examined microclimate influence within
different forest types with those results being
applied to tree growth. Chen et al. (1995) com-
pleted a study on the u'estside ofthe Cascades in
the Puget Sound area focusing on the microcli-
matc gradients from the edge ofrecent clear cuts
into "old-growth" timber stands. While none of
the rcsearchfocused on riparian areas. othcrs have
recently begun investigating riparian microclimate
gradients. ln westem Washington (Brosofske et
al. 1996) and northem Califomia (Ledwith 1996)
studies were conducted of riparian forests domi-
nated by stands ofDouglas 1ir with annual rainfall
of 150 cm. or more and adjacent to clear-cuts.
While these studies did examine microclimate
gradients in riparian areas, those forest stands are
unlike thc forcsts dominated by Ponderosa pine



of thc eastside of the cascadcs. East of Cascades
in OR and WA there are nruch lower amounts of
annual precipitation (< 50 cm) and the timber
han'est approaches usually do not include clear
cutting.

The purpose of this investigation was to ana
lyzc rclativc hunridity gradicnts within riparian
areas and adjacent uplands across a variety of
eastern Oregon and Washington conditions. All
sitcs wcrc on conlmcrcial t imbcr lands. with se-
lective harvest (paftial harvest) as the silvicultural
prescription. This intbrmation is necessffy to pre-
scribe effective buffen for riparian dependant flora
and fauna of eastside tbrests. The gradients of
relative humidity were studied dudng the dry and
hot conditions that prevail in eastern Oregon and
Wishington during nrid-sunrmer.

Two metrics of relative humidity (RH) calcu-
lated daily were uscd to cxaminc thc potential

biological effects of relative humidity gradients
in eastside fbrests: minimum relative humidity
and length of time (hrs) less than 50% RH. Mini-
murn relative humidity reflects the extrems con-
ditions, since maximum RH approaches satura-
tion (100%) every night. The second metric, the
length of time relative humidity was less than t'ifty
perccnt. was chosen as a measure of length of
potential exposure ofmoisture obligatc flora and
fauna to low RH levels. The gradients of these
meffics from streamside to the adjacent upland
Iorest werc cxamined.

Methods

Relative hunidity gradients were examined at 12
sites in Washington and Oregon. The twelve sites
were dist buted in the Teanaway (WA). Klickitat
(WA), and Grande Ronde (OR) watersheds (Fig-
ure l). At these sites there was no measurable

Figure 1. Twehe microclimate \tud)- sites east ofthe Cascrde Range in Washington and Orcgon.
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precipitation for two days prior to or during the
study. At each site an anay of relative humidity
data recorders (Onset ComputerCory. Hobo-RH)
were set up for five to nine days between 17 July
and 12August 1997. This time frame was selected
because ofthe expected dry and hot climate. Each
array consisted of l2 tansect points (Figure 2),
with three each at sfteiunside, 5 m and 10 m from
stream edge. Single transect points were placed
at 20 and 30 m as well as a control in a nearby
opening. The array was placed rcndomly within
a reach, after the reach had been examined for
potential conlbunding factors such as roads, trails
or landings. The transect points at 20 and 30 m
followed a straight line with the middle points
fiom the other distances. The instrument set n
the opening served as control, being beyond any
direct stream influence or shade. All instruments
were 0.5 m above the ground surface and shielded
from direct sunlight, without impedance of air-
flow. Pilot work had found the daily maxima and
minima values to occur over a short time inter-

Figure 2. lnstrument layoui of transects with lhJcc replicates
al0.  5.  10 m and t fansect  poin ls a l20 and 30 m.
Transect lincs are 5 m apart. Y (control) is a site in
an opening wiih minimal shade and more fian 30
m from the slream.
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val. Therefore all monitors recorded RH at ten
minute intervals; with this inteNal the absolutes
could only be missed by five minutes. Estimates
of air temperature maximums were from local
meteorological stations in La Grande, OR for
Grande Rorde sites, Ellcnsburg, WA for Teanaway
sites, and Goldendale, WA for Klickitat sites.

At each site. reach and transect data were col-
lected. Stream channel grade was measured with
a hand-held clinometer and a mean strcam wet
width was calculated liom 3 measurements. At
each ftansect point percent shade and basal area
were measured. Percent shade was calculated from
the mean of four shade measurements. one in each
compass direction, made with a hand-held con-
cave densiometer. Basal area was measured with
a 10 x prism 3600at each transect point. Tree size
distribution was divided into five classes: 0-10,
10 20, 20 40 and >40 cm dbh. The understory
coverage in three categories (c/o grass cover, shrub
volume and tree branch volume) was estimated
with a 1 m by 0.5 m cylinder at each ffansect
point. The percent ofeach category found within
the cylinder was estimated as the volume ofveg-
etation lbund in each quadrant and summing the
quadrants to estimate percent occupance by vol-
ume. Site chracteristics, percent shade and basal
area rlt /act. were regressed uguinst meln mini-
mum relative humidity at each site fbr all transect
points. Local topography was measured between
ftansect points with a hand held clinometer.

Quality assunnce and control protocols ofthe
instruments included before and after QC checks
and a single set ofduplicates at each site. Quality
cont ro l  checks  o l  re la t i \e  humid i t l  in . t ruments
were placed within an enclosed space of water
saturated air above a sodium chloride solution.
Dup l ica te  re la t i rc  humid i ty  da i l l  m in ima \ \e re
compared u  i th  t - te r t .  ta lphr  =  0 .05

Since low humidity is considered a problem
lbr some riparian dependant flora and fauna. data
analysis focused on daily minima and number of
hours per day relative hurnidity was less than 50%.
For each day the lowest relative humidity read-
ing observed lbr each transect point was used.
Daily minima for each row (3 replicates) were
pooled and compared to successive distances from
the stream. The same procedures were conducted
with the daily length of time (hrs) relative hu-
midity was less than 507r. The 50o/c point was
arbitrarily selected after reviewing the 1996 pilot

x  3 0 m

x  20m

x x

x

x  1 0 m

x  5 mx



data, because in dry conditions the value was typi-
cally between daily maxima and minima and
changes in relative humidity occuned rapidly
through that value.

Mean minimum relative humidity (nunRH) and
mean length of time less than 50% relative hu-
nidity were compared at successive distances ftom
the stream with analysis of variance (ANOVA).
An ANOVA filst tested if there werc differences
across the 30 m transect. Four a priori orthogo-
nal contrasts were employed to evaluate succes-
sive distances from stream edge: 0 m vs. 5 m,
5  m vs .  l0  m,  10  m vs .20  m and 20  m vs .  30  m.
Each daily RH minimum and length of time <
507. was an observation. Sample size (number
of days) for the Teanaway sites was seven, Klickitat
was nine. and Grande Ronde was flve with each
day treated as a replicate observation. Multiple
linear regression was enployed to detennine if
the site charactedstics (percent shade and basal
ffea) could explain the dill'erences in nxnRH within
each site.

Results

The 12 eastside locations were located within three
watershedsr Teanaway River, Klickitat River, and
Grande Ronde River watersheds (Figure l). Site
characteri stics of these second to third order sfeams
are presented in Table l. Stream gradients ranged
from 2 to 9 percent with widths at the time of
measurement ranging from 1.3 to 5 m. Percent-
age of trce diameter size distribution at each site
varied with 10-20 cm dbh and 20-40 cm dbh size
categories predominant at all sitcs (Table l). Under-
story vegetation was highly variable (Table 2).
Shmbs were usually the dominant understory but
no trend with distance from strearn was observed.
Within the sites of the three watersheds the tree
basal area and resultant shade varied, with the
Teanaway watershed having the lowest percent
shade and basal area and Grande Ronde water-
shed with the most. There was no general trend
with respect to shade and basal area at distance
from the stream. ln some cases it was highest at
stream edge; while at othe$ it could be at any
transect point (Table l).

Dur ing  the  per io . l  o l  the  . tud1 the  mar imum
air temperatures were 32'C in La Grande, 30"C
in Ellensburg and 33oC in Goldendale. Marimum
relative humidity levels were at or near 1007a fbr
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TAul-E 2. Volume occupance (%) of gfasses (G), slnubs (S), and tree branches (T) in a 1 m x 0.5 m cylinder at transect pointr in
streams ofthree watersheds. Distances values 0. 5. and 10 m are means oI3 replicaGs (C is control.)

Watershed/Stream
Disrancc (nr) G

Volume occupance (7.)

S T G S

T€analvry

5
1L)
20
30
C]

Klickitaf

5
Itl
20
30
C

Grande Ronde
t)
5

1 0
20
30
C

Le!
0 2
I  1 5
10  19
5 0
0  1 5
0 0

Dry
0 l
0 '13
0 9
5 0
l 2
0 2 0

Gros\man
8  l l
l l  29
0 t 5
l0 .10
0  l 0
5  l 0

Mlldle
l { )

6 )  12
,l] 29
5 0
0 2
r 2 0

Highlund lrbl
2 1
2 2

3 2
l 2
10 t-)

Glrdc!
0 l
3  33 .3
)  t ) .
10  50
l0  30
10 60

wilson
2 ) 6
1 2
0 3
l i t
0 2
2 0

Hishland 1lbJ
0 7 5
3 2
0 2 9
2 0
l l ,

5 t-)

Idi4!
25  16
3 5
0 8
1 0  0
0  l 0
l 0  30

Cooke
0
3
1

5
0

\!en Pron!
I

1
3
2
l 5
t-)

3',7
23

0
0

3
lJ
3
0
0
t)

0
3
5
1 0

0

0
0
0
I l-l

5

5
1 3
l)
o

0

0
0
3
0
0
t)

o
1
2
l)
U
t)

0
0 .3

L)
0
0

0
f)

1 0

t )
)
2
It)
0
2

0
0.3
0
0
I

0

t-l
u
t)

;

0

0
0

Litde Catherine
0 5 0
7  1 5  5
3  1 6  3
0  1 0  0
0  1 5  0
5 0 0
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Figure 3. Example of diurnal patlem of renperarure and rclalile humidilv obscrved ar all silcs during
lhe nud! .

all sites at all transcct points. These values were
reached nightly and rcmained near 100% until
r f le r  .unr i :e .  .harp lS  dec l in ing  as  l i r  tempera-
ture rose (Figure 3). Quality assurance tests after
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the study found all but one of the relative humid
ity instrunents to meet the standard, with dupli-
cate precision of daily mmRH was greater than
987. for the instruments.



At all sites there u,ere signiticant differences
(P value < 0.05) in mean minimum relative hu-
midity (mmRH) across the 30 m transect except
tbr one, Grossman Creek (Table 3). In thc suc-
cessive contrasts 9 of 12 had significant differ'
ences in mmRH between stream edge and 5 m.
Two ofthe remaining three had a significant dif-
lcrcnce between 5 to l0 n from the stream edge.
Bet$,een transect points 10 m fiom the stream
and beyond there werc few additional changes in
mn]RH. only two for cach the 10-20 m and 20
30 m cornparisons (Table 3). Figure ,1 illustrates
the general decreasing trend of mmRH with dis-
tance liom the stream edge. Thc figure includes
the control site. u hich was in an opening with
rrinimal shade and farther from the stream than
the 30 m transect points. At only the Klickitat
sites did all 4 sites during a sampling interval re
spond similarly (Figure 4), suggesting that even
with similar climate. local topography can influ
ence gmdient structure.

Results of the corrparison of mean length of
time less than 507c relative humidity had largcly
identical rcsults (Table 4). In general. distance
fiom the stream and the length of tine RH was
less than 50% wcrc positively correlated. Over-
all the length of t ime ofRH < 50% stabil ized 5 to
l0 m flom stream edge (Figure.1: Table,1).

At one stream. Highland Canyon Creek.
fansects weredcployed on both sides ofthe stream.
Results of mmRH and length of timc lcss than
50% RH wcrc vcry sinri lar on each side with one
exception. Bet\\,een 10 20 m on the left bank there
was no differcnce in length of t ime less than 507r

(Table.l). This is likely a result of a topographic
t'eature, as there is negative slope betwecn those
two transect points (Table 5).

The effect oflocal topography on the RH gra-
dient can be seen in many of the sites. Middle
and Wilson Creeks havethe least topognphic slope
(Table 5) and only minor changes (+ and -) in
mmRH. At the Gnnde Ronde sites, the site with
the highest near stream slope, Gordon Creek, had
the most pronounced change in mmRH and time
<50c/c between 0 and 5 m (Tables 3 and 4; Figure
4). The same pattem was observed at the Klickitat
sites, Dry and Highland Canyon Creeks. Vegeta-
tjon density and structure did not cxert as strong
an in f luence a .  loca l  topograph l .  Mean min imum
relative humidity was regressed against percent
shade and basal area and had coefficients of de-
temination (rr) ranging fiom 0.09 (West Prong
Creek) to 0.80 (Litt le Catherine) (Table 6). Only
four site regressions were significant (P< 0.05).
Overall differcnces in microclimate conditions
across the gradient followed no pattern with the
exception of higher daytime relative humidities
very close to the stream.

Discussion

These study sites were located in a variety of lo-
cations with different site conditions across the
eastside of the Cascade Mountains in Washing-
ton and Oregon. While there are certainly other
conditions represented east of the Cascades that
may exhibit different moisture gradient conditions
(such as in larger strcams and rivers or within a

TABLE3. Anal)s is ofvar iance (ANO\A) prcb.rb i l i l t  values ofmean ln in imuln re lat ive humidi t_v (  m RH) across 30 m transecr
and ofhoSonal contrasls bet\\'een adjaccnt lransccl poi s ior mmRH at tlvehe sites in ea\tenr Oregon andWashingon.

Ortho!:ona1 Contrasts f P-valuesl
ANO\A 0 5 i n 5  1 0  m 10-10 rn 10--10 m

Kl ickr tat

Gmnde Ronde

Jack Creek
Nl iddie Cfeek
Wilson Creek
Cooke Creek
I)ry Crcck lrib.
Highland Canyon (rb)

Highland Canlon ( lb)

\\tsl Prong Clrcck
a;rossman Crcck
Gordon Creek
Indian C]reek
Little Calherine Clreek

<  0 .001
0.000r
0.0001
0.0069

< 0.001
< 0.001
< 0.001
< 0.001

0.0568
< 0.001
< 0.LJu1
< 0.001

<0.001
0.73,1

<0.001
0.0s6

<0.001
<0.001
<0.001
<0.t)01
0.9.f1

<0.001
0.0,17

<0.001

<0.{xl1
0 .013
0 .016
0.1.10
0.016
I

0.803
0 .1 l , l
0.02E
0.007
0.07:1
0.260

0.041
0.395
0.688
0.3'12
0.028
0.275
o .1 ' 71
o.312
0.882
0.,1I7
0.067
0.525

0.28r
0.867
0.055
0 . r30
0.,1l8
0.,166
0.930
0.778
0.112
0.007
0 .013
0.820
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TABI-8,{. Analysis ofvariance (ANOVA) probability values oflcngth of rime relative humidity (RH) < 50% across 30 m rransecr
and orthogonal coDtrasts between adjaceni transec! points tbr length oftime (hrs.) < 50% RH a! twelle siles in easrern
Oreson and l,vashincton,

Onhosonal Contraslr (P'!,lue\l

ANOVA 0'5 n 5 - 1 0  m 10 20 m 20-30 m

Klickilar

Crand Ronde

Jack Creek
Middlc Crcek
Wilson Crcck
Cooke Creek
Dry Creek trib.
Highland Car)0D (rb)

HighlandCanvon ( lb)

West Prong Creek
Grossman Creek
Gordon Creek
Indian Creek
Little Catherine Creek

<0.001
0.0026

<{1.001
<0.001
<0.001
<0.001
<0.001
0 .011

<0.001
<0.001
<0.001
<0.001

<0.00i
0.001 l
0.001

<0.001
<0.001
<0.001
<0.001

0.005
0.564

<0.001
<0.001
<0.001

0 .914
0.326
0.372
0 .015
0 .1 ,1 I
0.791
0.858
0.675
0.002
0.307
0.?5.1
0.073

0.004
0.033

<0.001
0 .333
0.008
0 .012
0.033
0.215
0.,115
0.911

<0.001
0.,185

0.3,17
0.679
0.547
0.122
0 .016
0.419
0.252
0.536
0.453
0.140
0.661
0.938

T,A.BLE 5. Topographic slope betlveen successivc transccl TABLE 6.
poin is (Distances 0,5.  and l0m la lucs are neans
of 3 repl icates.) .

Coeffi cients of determinalion and probability val-
res for regressions at cach site ot'mean minimum
relative humidity q,ith percent shade and basal
area as the independent !ariables.

D i s h n . e  l n r . ^ r l  r m r

5 r 0  t 0 2 0  2 0 3 0 Location

Jack Crcck

Middlc Crcck

Wilson Creek

Cooke Creek

Dry Creek trib.

Highland Canyon (rb)

Highland Clanlon (lb)

West Prong Crcck

Crossman Crcek

Gordon Creek

Indian Creek

Little Catheinc Crcek

Teana$ay Watershed
Jack Creek
Middle Creek
wilson Creek
Cooke Crcck

Klickilal Waiershed
Dry Creek lrib.
Highland Canyon (rb)

Highland Canyon (lb)

West Prong Creek

Grande Ronde Watershed
Grossnan Creek
Gordon Creek
lndian Creek
Littlc Catherine Creek

t 0

9
,7

3 l

29

5 1

2 l

1,1

1

l2

1 5

l 3

9

2

1

23

1 2

t 2

3

t 1

I

l 3

5

30

20

8

1 1

0.65
0.52
0 . 1 7
0 . 1 3

0.66
0 . l 6
0.55
0.09

0.23
0.1
0.26
0.8

-l

l0

1

52

30

61

3
.10

7

l 3

0 .015
0.055
0.,16
0.66

0 .012
0.48
0.04
0.61

0.35
0.23
0 .3
0.0015

different range ofelevation), these sites do repre-
sent major areas of eastside forests. Moderately
open stands are cornmon within the forested stands
of these areas (Quiglcy et al. 1997). The actual
edge of the regulated buffer and the managed stand
also vades. although the edge between the regu-
lated buffer and the existing stand in all cases of
these study sites occurred within the 30 ln study
width. The percent shade and basal area ofthe 30
m transect point was representative of the adja-
cent forest with shade ranging fiom 6-1007o and
basal area 20 to 220 ft2lac; however, given the

silvicultural prescription of selectiveharvest, the
canopy cover was not unifbrm. The inability of
shade and basal area to explain the relative hu,
midity gradient in the regression analyses at these
sites is likely due to the high variability in shade
and basal area ilr these forest types both in the
unmanaged riparian buffer and the upland stand.

These site conditions were very different from
the westside study sites that have been used to
assist in the understanding of microclimate gra-
dients in riparian ecosystems in the west. The
original study of microclimate gradients in the
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Pacific Northwest by Chen et aJ. ( 1995.1 compared
the distance liom clear cut edges into a mtrture
forest. That approach is diff'erent tiom this study
which is tiom a stream edge out into an adjoin-
ing forest. This study considers rdditional firc-
tors that can intluence local climate such as val-
lcy structure and the strelrm as a water source that
were not included in the Chen et al. study. Topo
graphic and stream factors likely contribute to the
steep gradicnts observed in this study. The lack
of change in relative humidity seen atier usually
l0 m in this study, was a shorter distance than
observed by Brosofske et al. (1997). Using an
approach similarto the one employed in this study,
Brosofskc found little change in relative humid-
ity after 3l m in western Washington riparian ;Lr-
eas. This dit lerence between eastem and westcrn
Cascade sites is likely duc to climatic (cooler with
more prccipitation) and biological factors such
as a denser and more unifonl forest.

The extreme dry condition of low elevation
fbrests of eastem Washington and Orcgon cre-
ates an arid environment that aids in maintaining
u nr tu ra l l l  l ou  t ree  den. i t5 .  u  i rh  upen ings  iom-
non. and scts the stage fbr a much more frequent
fire regime (Agee l993). With the Cascade Moun-
mins  rn tc rccp t ing  nr , ' i . tu re  ra r r ied  in  a i r  ma ' .e .
noving east. the summer air is dry. Theretbre ri-
parian zones are the critical habitat areas fbr a
widc array oforganisms. The results ofthis study
found that area to bc vcry narrow.

The sources of moisture in thesc dry habitats
u  r l l  be  thc  r .  rn l in ing  . ( ' i l  mo i . lu re .  mo i . lu re  car
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