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Interdisciplinary research effort s to inte -
grate the ecologica l aspects of water with it s 
physical an d societa l roles have a  long his-
tory as well as some interestin g ne w develop -
ments. Small , paired , experimenta l 
watersheds, with thei r long-term monitorin g 
systems for data collect io n and thei r inte-
grated ecosyste m approach t o analysis , hav e 
been a t the cente r of recent advances . 

A study now unde r way a t such water -
sheds coul d provid e a  common analyti c 
framework i n ecological hydrology. The 
study, funded b y the Nationa l Sc i enc e Foun -
dation throug h th e Lon g Term Ecological Re-
search (LTER ) networ k [Swanson and 
Franklin, 1988] , i s identifying interaction s 
among vegetation , climate , and streamflo w 
at sites that hav e bee n studied individuall y 
for decade s (Figur e 1) . Work so far has con-
centrated o n seasonal variations a t Andrews , 
Coweeta, Hubbar d Brook , Luquillo , and Cas -
per Creek , which reflec t a range o f precipita-
tion amounts , types , and timing , as well as a 
range o f forest vegetation type s (Figur e 2 ). In-
itial results are availabl e on th e project' s Web 
site at www.fsl.orst.edu/~post/hydro . 

The National Research Council [1991 ] ha s 
emphasized th e ecologica l importance o f the 
hydrologic cycle , saying i t represents a  funda -
mental physica l template fo r biological proc-
esses. This template present s some o f the 
best opportunitie s t o search fo r general prin -
ciples that ma y guide th e organizatio n o f liv-
ing communities . 

In orde r t o adequately manag e globa l 
water and aquati c resources , forests, agricul-
ture, and huma n populations , w e nee d a 
clearer understanding of ecological hydrol -
ogy—the study of relationships among hydro -
logic, climatologic , and ecologi c processes 
in a human context . In particular better-ar -
ticulated genera l principle s about thes e rela -
tionships tha t ca n b e use d predictivel y 
across the rang e o f watershed condition s ar e 

For mor e information , contac t D . A . Post , De -
partment o f Geosc iences , Orego n Stat e Univer -
sity, Corvallis , O R 9733 1 USA . 

needed, an d thi s is what LTE R hope s t o ac-
complish. 

A key concern no w i n ecological hydrol-
ogy i s how hydrologica l processes, includin g 
the types , rates, timing, and pathway s of 
water throughput at various timescales , influ-
e n c e ecologi c processes. Another key con-
cern i s what feedback s and constraint s ar e 
imposed b y ecosystems and landform s o n hy -

drologic processes , including th e rol e of 
vegetation a s a mediato r o f water input , stor-
age, an d usage . Work in ecological hydrol-
ogy bring s the divers e perspective s of 
ecologists and hydrologist s together and gal -
vanizes insight s relevant to terrestria l an d 
stream ecology , geomorphology and biogeo -
chemistry o f landscapes, and regionalizatio n 
and modelin g o f hydrologic processes over 
wide spac e scales and t imescales . 

The decade s o f work a t sites such a s Hub -
bard Broo k [Likens etal, 1977 ; Bormann and 
Likens, 1979 ; Likens, 1983 ] and Coweet a 
[Swank and Crossley, 1988 ] have provide d 
fundamental insight s into site-level interac-
tions among hydrology , climate , and ecolog y 
and thei r response t o human uses . Previou s 

• Represente d at Ecological Hydrolog y Work s 

• Unrepresente d 

Fig. 1. Sites spanning a range ofbiome types and hydroclimatological regimes where long-term 
ecological and hydrologic research has been under way for as long as 6 decades. LTER sites rep
resented at the ecological hydrology workshop (red stars) include the H. J . Andrews (HJA) coni
fer forest, Coweeta (CWT) deciduous forest, Hubbard Brook (HBR) mixed-conifer forest, 
Luquillo (LUQ) tropical rainforest, Arctic Tundra (ARC), McMurdo Antarctic Dry Valleys (MCM), 
Bonanza Creek (BNZ) boreal forest, and Konza Prairie (KNZ). Non-LTER sites represented in
clude the Caspar Creek (CAS) U.S. Forest Service conifer forest and Reynolds Creek (RCR) U.S. 
Department of Agriculture rangeland site. Other sites with appropriate ongoing work that were 
not represented at the workshop (blue stars) but are involved in the study are San Dimas (SND), 
Walnut Gulch (WLG), Fernow (FRN), and Leading Ridge (LDR). Original color image appears 
at the back of this volume. 
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Mean annual precipitation (warn) 
Fig. 2. Mean annual precipitation plotted against mean annual water yield for small experimental 
catchments at five sites. The distribution of soil deficit, evapotranspiration (FT), soil recharge, 
streamflow, and precipitation throughout the year are shown for one representative catchment at 
each site. For the five small plots, the top of the colored area represents monthly precipitation, ex
cept for HBR in April, where the peak is due to snowmelt. The x-axes on the five plots range from 
January to December, and the y-axes range from 0 to 450 mm. Original color image appears at 
the back of this volume. 

meta-analyses hav e emphasize d th e variabil -
ity i n streamflow response s t o lan d us e an d 
climate variability among thes e in-depth , site-
level studies [e.g. , Hewlett and Hibbert, 1967 ; 
Meyer etai, 1993] . 

Significant advance s i n ecologica l hydrol -
ogy wil l require collaborativ e efforts t o brin g 
together th e origina l long-ter m dataset s fro m 
geographically divers e site s such a s those i n 
Figure 1 . Original long-ter m dataset s includ e 
hydrologic an d climati c records, a s well a s 
data o n vegetatio n an d landforms . A  com-
mon analyti c framewor k include s puttin g 
data i n comparable format s an d combinin g 
them i n comparative intersit e statistica l an d 
modeling analyse s to derive genera l princi -
ples. 

Sites examined s o fa r display a  range of 
ecological ly importan t pattern s o f seasonal 
streamflow variabilit y driven b y climate-vege-
tation-streamflow interaction s (Figur e 2 ). 
Climatically imposed seasona l variatio n i n 
precipitation i s amplified b y asynchrony be -
tween precipitatio n an d evapotranspiratio n 
(ET) a t Andrews an d Caspa r Creek , produc -
ing highly variable seasonal streamflo w pat -
terns. O n th e othe r hand, a t Coweet a 
precipitation i s uniformly sprea d throughou t 
the year , and seasona l variation i n stream -
flow i s produced b y summer ET . At Hubbar d 
Brook, seasonal variatio n i n streamflow i s the 
result o f snowpack storag e an d mel t durin g 
the spring perio d o f leaflessness, as well a s 
summer ET . At Luquillo, ET is almost con -
stant throughou t th e year because o f ever-
green vegetation , an d streamflo w respons e 
thus displays littl e seasonal variation . 

This type o f cross-site comparison i s use-
ful i n identifying th e relativ e strength o f cli -
mate, vegetation , an d landscap e control s o n 
streamflow generatio n b y holding som e fac -
tors constant whil e examinin g the variatio n 
in othe r factors . For example, Caspa r Cree k 
and Hubbar d Broo k hav e approximatel y th e 
same mea n annua l precipitation , bu t mea n 
annual discharg e i s much highe r a t Hubbar d 
Brook (Figur e 2 ). This reflects the highe r ET 
at Caspar Creek owing t o it s relatively war m 
winter temperatures , wherea s subfreezin g 
temperatures an d leaflessnes s at Hubbar d 
Brook conspir e t o store water i n the plant-un -
available for m o f snow whil e E T is practically 
zero. Peak runof f a t Hubbar d Broo k occur s in 
spring durin g snowmelt whe n th e deciduou s 
trees have no t yet begun transpiring , whil e 
peak runof f i n the temperat e rainfores t a t An-
drews an d Caspa r Creek occurs during win -
ter when unfroze n soil s and dorman t 
conifers le t the hig h amount s o f precipitatio n 
pass through th e system. Vegetation induce s 
soil moistur e deficit s and reduce s streamflo w 
at Andrews, Caspa r Creek , Coweeta, an d 
Hubbard Broo k fo r predictable period s de -
fined b y the phenolog y o f the vegetation an d 
the availabl e soil water, bu t soi l moisture sur -
pluses an d deficit s are no t regulate d b y thes e 
processes at Luquillo (Figur e 2 ). Many othe r 
similar comparisons an d contrast s ar e possi -
ble. 

An ecologica l hydrology worksho p hel d 
at the H . J. Andrews LTE R site in Novembe r 
20-21,1997, an d a  special session o f th e 
American Geophysica l Union's Spring Meet-
ing in Boston , Mass., on Ma y 2 7 , 1 9 9 8 , 

brought togethe r scientists from th e LTE R net -
work an d fro m experimenta l watershe d 
study sites of the U.S . Department o f Agricul-
ture's Fores t Service and Agricultura l Re-
search Servic e to discuss a  commo n 
framework fo r comparing climate , hydrol -
ogy, an d vegetatio n interaction s across thei r 
widely varying sites . Currently, th e control s 
on hydrologi c respons e ar e examine d o n a n 
ad ho c basis , focusing o n a  particula r issu e 
for a n individua l study . These scientists' inter -
est i n a  collaborative approach t o ecological 
hydrology reflect s in part a recognitio n tha t 
their combined long-ter m dataset s hav e th e 
potential t o contribute t o issue s extending be -
yond initia l treatment effect s to ecosystem 
analyses and th e cause s and consequence s 
of vegetatio n succession , climate, and lan d 
use change . One commonali t y emergin g 
from thes e discussion s was the rol e playe d 
by storag e a t each site . Intersite ecologica l hy-
drology comparison s hav e th e potentia l t o re -
veal the contributio n o f water storage t o 
daily, seasonal, or interannual variabilit y in 
streamflow. Th e influence upo n streamflo w 
patterns o f various form s o f water storage—i n 
snow, soil , and fores t canopies—varie s 
among sites . Storages are dominan t whe n 
and wher e th e input s to tha t storage ar e volu -
metrically and temporall y compatibl e wit h 
the volume an d rate s o f discharge fro m th e 
store. When th e tempora l distributio n o r volu-
metric inputs overwhelm th e store , i t be-
comes unimportant . Fo r example, th e 
canopy store a t Luquillo is an importan t proc -
ess whe n th e input s of precipitation ar e rela -
tively small, short-lived, an d well-space d 
temporally. However , durin g flood events , 
the store i s overwhelmed b y the volume an d 
timing o f the inputs , an d thu s rendered inef -
fectual. 

Timing of storage turnover—fro m dail y in -
terception an d evaporatio n o f canopy wate r 
to seasonal snowmel t an d soi l moisture draw -
down—has critica l implications for stream-
flow, availabilit y of water t o vegetation, an d 
key feedback s t o stream ecology , by deter -
mining th e timin g o f base flo w periods whe n 
maximum ecologica l stresses may occur in 
streams. The degree t o which landscape s "re -
member" th e previou s climat e is also 
strongly conditione d b y the typ e o f storage. 
Where dominan t storage s hav e rapi d rate s of 
turnover, littl e memory ma y persist , bu t 
groundwater-dominated system s transmit a 
water surplus or deficit ove r periods o f years. 
For example , at Coweeta, with a  large vol-
ume o f soil storage, the effect s of a single 
drought year can b e fel t for a numbe r of 
years afterwards ; however , th e seasona l na -
ture of the snowpack storag e a t Hubbar d 
Brook means tha t th e effect s of a drought ar e 
rarely felt , even i n the followin g year . 

Intersite ecologica l hydrology compari -
sons also have th e potentia l t o clarify how an -
thropogenic o r natural disturbance s produc e 
varying hydrologi c response s i n differen t 
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landscapes. Differen t types of climate-vegeta-
tion-streamflow interaction s imply that the re -
moval o f vegetation wil l have different , bu t 
predictable, impact s on hydrologi c response . 
For example, forest cutting produce s in -
creases in streamflow peak s a t sites, or dur-
ing seasons, where transpiratio n b y th e 
undisturbed vegetatio n account s for large 
water losses . Thus one expect s transpiration -
related increase s in spring an d autum n a t An-
drews and Caspa r Creek, in summer a t 
Coweeta an d Hubbar d Brook , an d al l year 
round a t Luquillo. However, fores t remova l 
may also produce decline s in streamflow a t 
sites, or during seasons, where vegetatio n 
modifies precipitatio n b y affecting cloudwa -
ter interception o r snow accumulation . Exam-
ples include interception-relate d decrease s 
in summer a t Caspar Creek, or snow accumu -
lation-related decrease s in winter a t Hubbar d 
Brook. I f consistent relationships between cli -
mate, vegetation, landscape attributes , an d 
streamflow ca n b e inferre d fro m intersit e eco -
logical hydrolog y comparisons , prediction s 
of th e hydrologi c response o f ungauge d 
catchments may be facilitated . Ecological hy -
drology also faces major challenges . Fore-
most among these is data quality, comparability, 
and access . 

The mos t difficul t chal leng e for ecologi-
cal hydrolog y i s the lac k of hydrologically 
relevant dat a about vegetation , soil , snow , 
and strea m ecology . The importance o f such 
deficiencies depend s upon study objectives. 
For example, critical data ar e lackin g on ho w 
vegetation structure affect s interception of 
rain an d snow , o r how soi l water availabilit y 
and vapor-pressur e deficit s control transpira -
tion rate s fo r functionally distinc t groups of 
plants. Currently availabl e vegetation an d 
soil maps ar e rarely compiled using mappin g 
units that relate to hydrologic function . Man y 
sites also do no t have dat a availabl e in com-
puterized format . To conduct a  meaningfu l 

ecological hydrolog y analysi s may requir e re -
interpretation o f available data, additiona l 
mapping, o r even detailed fiel d measurements . 

Inconsistencies among site s or monitor -
ing periods i n the typ e an d qualit y of precipi-
tation an d streamflo w dat a als o impos e 
constraints on wha t w e ca n lear n fro m inter -
site ecological hydrology analyses . For exam-
ple, a t some sites the rai n gaug e networ k i s 
dense an d disperse d throughou t the catch -
ment bein g monitored (HBR) , while a t othe r 
sites there ma y be one rai n gaug e pe r catch -
ment (CWT) , o r a single rain gaug e ma y b e 
used t o determine th e input s for a number of 
catchments (HJA) . Similarly, at some sites, 
the hydrologi c data i s of high quality , bein g 
measured b y v-notch weir s (CWT , HBR) , 
while elsewhere les s accurate flumes ar e 
used (HJA , CAS) and i n some places no wei r 
or flume i s used a t all (LUQ) (see Figure 1) . A 
major accomplishmen t of this project will b e 
to col lec t relevan t dat a fro m severa l sites an d 
convert them int o consistent formats an d 
units and mak e the m availabl e on th e Worl d 
Wide Web. 

Many opportunities remai n i n ecological 
hydrology. These initial intersite compari -
sons were al l carried ou t a t an annua l o r 
monthly timestep ; other ecologica l hydrol-
ogy linkages c o me into focus when dat a ar e 
examined a t shorter t imescales . A coordi-
nated researc h program , involvin g field ex-
periments a t plot , small catchment , an d 
landscape scales , historica l analyses of long-
term data , an d modelin g an d simulation , wil l 
be require d t o capture thes e subtle patterns . 
Such a  research progra m ma y also lead t o 
more consisten t monitoring o f key environ -
mental variables and promot e interaction s 
across sites. The payoff wil l be a n improve d 
understanding of how hydrologi c processe s 
provide th e templat e fo r ecological systems 
but ar e themselves modified b y the very eco -
systems they support . 
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FALL MEETING PREVIE W 

Global Positioning Station Arrays 
Come of Age in Western North America 
PAGES 517-51 8 

Twenty years from now , peopl e wil l look 
back a t the lat e 1990 s as "the years that geod -
esy fundamentally changed, " says Brian 
Wernicke, professo r o f geology at the Califor-
nia Institut e o f Technology. 

Global positionin g station (GPS ) instru-
mentation, som e o f which currentl y ca n 
measure 1  to 2 mm/yr o f ground motion , 
among othe r data , i s now bein g used b y 
more scientists and installe d i n more loca -

tions than eve r before. Thi s spurt in GPS us-
age and i n building GP S arrays—made possi -
ble i n large part by less expensive an d 
improved instruments—i s allowin g scientists 
to measure subtl e ground motion s that coul d 
be associate d with understandin g earth -
quake hazards , h e says . 

The transition fro m occasional , "cam-
paign style " GPS observations to the continu -
ous observations of Earth movements , 
Wernicke adds , "i s the differenc e between a 
doctor who see s a patient ever y 6 months o f a 

year to having th e patien t hooke d u p i n inten -
sive care to all the monitors. " 

Wernicke i s coconvening an ora l an d 
poster session at the AGU 199 8 Fall Meetin g 
on "Permanen t GP S Arrays in Western Nort h 
America." Th e sessions will provide a n op -
portunity to share GP S data, lear n abou t ar -
ray coverage and ho w t o set up a n array , an d 
discuss knitting togethe r separate array s t o 
gain a  seamless picture o f subtle tectonic ac-
tivity in the western Unite d States and Nort h 
America, he says . 

Scientists involved with GP S arrays i n 
western Nort h America—includin g the South -
ern Californi a Integrated GP S Network 
(SCIGN), Ba y Area Regional Deformation Ar-
ray (BARD) , Norther n Basi n an d Rang e 
(NBAR), Easter n Basi n an d Rang e (EBAR) , 
and Pacifi c Northwes t GP S Geodetic Array 
(PANGA)—will make presentations . 

Wernicke, who recentl y published find -
ings indicating that instruments ha d detecte d 
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