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rk managers and scientists both are fond of be· 
ing the lack of funds for baseline studies of the 
al resources of our national parks. Yet when the 
lopment of a resource inventory or long-term 
toring program is priced against the more critical 
ction of a sensitive species or the resolution of 
itor/resource conflict in a priority-setting meeting, 
line data-gathering invariably loses out. lroni· 
 this ensures the continual generation of new 
s - problems that develop unnoticed until they 
bvious ... and severe. There are few examples 
e resource data bases necessary to adequately 
tor the health of sensitive ecosystems in our na­
l parks. 

Acid Precipitation as a Catalyst 
Sequoia and Kings Canyon NPs we recognized 
 years ago our need for a modern, comprehen­
 integrated resource data base including all major 
ecosystems. Through normal budget processes 
ver was possible to obtain the necessary funds. 
82 the Park was invited to become one of three 
 areas to embark on a long-term monitoring pro­
s part of the National Acid Precipitation Assess­

t Program (NAPAP). Funding is provided by the 
 Acid Precipitation Program, a part of the Division 
r and Water Quality, under Ray Herrmann ·s direc­
in Fort Collins. The three National Parks 

uoia, Isle Royale and Rocky Mountain-Olympic 
since been included) were directed to develop 
dinated programs to measure atmospheric inputs 
to determine - and then monitor - ecosystem 
meters potentially sensitive to acid precipitation. 
quoia was selected because of its location in the 
ern Sierra Nevada where poorly buffered gran­
edrock and low alkalinity lakes are challenged 
gnificant air pollution, making it one of the most 
1tive areas in the country to acid precipitation. 
Park staff saw this as an opportunity to obtain 
 of the baseline data that had proved elusive for 

ng. In order to evaluate impacts from acid precipi­
, it is necessary first to measure many of the 
 ecosystems parameters affected by visitor use, 

 operations, and a variety of threats to entire 
ystems: air pollution, exotic biota, island/bound­
ffects, wildfire suppression. Here was an oppor­
 to contribute directly to a major national re­

ch priority while simultaneously obtaining the 
necessary to monitor the long term health of key 
 ecosystems. 

An Ecosystem Approach 
the early planning stages we decided that one 
quo1a's particular contributions to such a study 

 elevation gradient, ranging from less than 400 
rs at Park headquarters to more than 4,400 me· 
 at the top of Mount Whitney. The strong atmos­
ic inversion layer that develops dunng summer 
ths, as well as differences in soil development, 
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!ants may exist at different elevations. We established 
hree primary study sites (table 1) consisting of head­
ater drainage basins for which aspects of hydrolog­

Ical and chemical budgets as well as key ecosystem 
rocesses can be measured. In many ways we mod­

eled our program after the highly successful long-term 
ecosystem study at Hubbard Brook, NH. It was appar­
ent from the beginning that to execute our extensive 
lans it would be necessary to attract cooperative 

funds and extramural participation. While the modest 
NPSINAPAP funds available for the project would 
upport monitoring of mput chemistry and a smatter­

ng of ecosystem measurements, they were in-
dequate to implement one integrated watershed 
tudy, let alone three. 
As the scope of the study (and of the entire NPS 

rogram) was refined, priorities sorted themselves 
out. We assigned top priority to measurement of the 
quantity and chemistry of rain and snow entering the 
basins, and of streamflow leaving them. Although, we 
suspected - and still do - that dry deposition could 

the most significant mode for pollutants entering 
our relatively and mountain range, there are no gen­
erally accepted methods to measure such inputs. We 
have decided that measurements of dry deposition 
must await new technology and the formulation of 
EPA protocols. Other high prionty studies included 
the chemical characterization and mapping of soils 
and the establishment of permanent vegetation plots 
to monitor plant species composition and demog­
aphy. 

As word spread about our program we discovered 
that others were interested in related or complemen­
tary studies and in many cases were looking for a 
lace in California to carry out such work. Some of 

these scientists or agencies were specifically in­
terested in acid precipitation and its effects, others in 
oxidant air pollutant impacts, and still others in particu­
ar structural or process elements of natural ecosys­
tems. But all were attracted to the undisturbed aspect 
of park ecosystems, the cooperative integrated nature 
of the project, and the Parks' moral and logistical sup­
port for the endeavor. 

Within the two years since the acid precipitation 
study first began, Sequoia NP has become a center 
for long term ecological research. Several federal 
agencies, the State of California, university scientists, 
and private industry have thus far participated in what 
{las become a truly cooperative effort. Whtle each 
party has its own specific interests, all have a common 
commitment to an ecosystem-level scientific program 
that will help make our world a better understood and 
safer place for future genertions. 

Cooperation 
Cooperating investigators and funding sources as 

of fall 1984 are listed in Table 2. The U.S. Geological 
Survey has designated Emerald Lake a "calibrated 
watershed," one of a half dozen or so scattered across 
the country. The Survey has constructed a gauging 
station at the lake outlet, and pertormed chemical 
analyses of lake water using extremely sensitive de­
tection limits, as its contribution towards building a 

ater and ion budget for the watershed. The Survey 
also provided valuable information on the geology and 
geomorphology of the Emerald Lake and Log 
Meadow areas as an extension of a survey of ground­
water hydrology carried out for the Denver Service 
Center. 

National Park Service acid precipitation funds have 

been used to establish and survey the three primary 
study sites, including the selection of long-term vege­
tation monitoring plots. Inputs of rain and snow (both 
quantity and chemistry) as well as outputs through 
stream discharge and basic meteorological param­
eters also have been measured as part_of a system 
of ·core requirements• to be carried out at each par­
ticipating park. NPS funds also have been used for 
research contracts at each participating park. At 
Sequoia, NPS funds have supported mapping soils 
in the drainage that includes all 3 study sites and for 
preliminary studies of soil chemistry, aquatic chemis­
try and biology, and effects of drought stress on plant 
phenology and water relations. Beyond its immediate 
utility, we believe that such information can serve to 
attract support and expertise for further investigations. 

Interest of State university scientists in the develop­
ing study has been notable. The soils work has been 
supported partially by University of California Hatch 
Act funding obtained by the principia! investigators. 
Dr. Jerry Franklin of the U.S. Forest Service in Cor­
vallis, Ore., provided an early stimulus to data collec­
tion as well as instruction in handling cooperative 
ecosystem studies. Dr. Franklin combined NPS Inter­
disciplinary Sctence Team funds with Forest Service 
support to bring upwards of 50 scientists, technicians 
and students, primarily from Oregon State University, 
to take a ·pulse" (short-term, intensive measurement) 
of the mixed conifer ecosystem at Log Meadow. This 
proved a stimulatmg experience and helped convince 
18. NASA L. Band, Hunter College 

'1 - Subalpine (Emerald Lake); 
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2- Mixed conif
portions of NASA's new Global Biology program. 
NASA is testing remote sensing techiques to predict 
vegetative cover, litter fall and eventually nitrous oxide 
emissions from the soil as part of a broad effort to 
quantify cycling of key elements. While NASA has no 
particular interest in acid precipitation it is interested 
in finding a study site in the Sierra where basic 
ecosystem data is available. NASA-Ames is now di­
rectly supporting major studies of forest biomass/pro­
ductivity and soil nitrogen flux 1n Sequoia. These are 
identified needs in the Park's research plan that had 
not yet been filled. Moreover, NASA has provided 
satellite and high-altitude aircraft imagery of the study 
sites, and invaluable technical advice on remote sens­
ing, computing and development of a geographic in­
formation system. 

More recent, but also most significant, has been 
the involvement of the State of California's Air Re­
sources Board (CARS) in funding acid precipitation 
research; their entry promises to make the Sequoia 
program a fully functional ecosystem study. Following 
1982 legislation calling for a five year multi-million 
dollar research thrust on acid precipitation, and after 
eager solicitation on our part, CARS selected Emerald 
Lake for the focus of its integrated watershed study. 

Significant in its site choice was the work already 
accomplished, and the benefits of synergy. This 
us that our program could be successful. 
Less than a year into the program, NASA-Ames 

Research Center contacted us to learn if we would 
be Interested in providtng Sequoia as a field site for 

cooperative venture provides five years' support for 
high pnority research in such areas as snow hydro­
logy and chemistry, aquatic biology, soil processes, 
and tree ring and plant productivity studies. These 

TABLE 1. Primary study sites for long-term ecosystem study in Sequoia National Park. 

Watershed Type Elevation Area Geology Vegetation 

Elk Creek lntermtltent stream 750m Sha Granitic Chaparral 
Log Meadow Perennial stream 2,070m 39ha Granitic Sequoia mixed-

conifer forest 
Emerald Lake Lake/stream 2,800m 122ha Granitic Subalpine 

TABLE 2. Participants in acid precipitation studies, Sequoia National Park 

Sponsor Principal Investigator 

1 NPS D. Parsons. D. Graber, T. Stohlgren, NPS 

2. NPSICARB J. Melack. S. Cooper, A. Holmes, UCSB 

3. NPSICARB•NASA P. Runde!, W. Westman, UCLA; T. St. John, 
Colo. St.; S. Running, U. Montana 

4. NPS1UC G. Hunt1ngton, M. Akeson, UCD 

5. NPSIUC A. Burau, L. Whittig, UCD 

6. GARB J. Doz1er, J. Melack UCSB 

7. GARB S. Nodvln, L. Lund, UCR 

8. GARB J. Harte, A. Amundson. UCB 

9. NPS P. Miller, USFS 

10. NPS C. Wetmore, U. Minn. 

11. NPS J. Moore, T. Sisson, C. Wahrahaftig, USGS 

12. USGS V. Kennedy, A. Schroeder. T. Hunter, USGS 

13. MAB USFS P. M1ller, USFS, and L. Lund, UCR 

14CARB T. Nash. Ariz. St. U. 

15. EPRI A. Newton, Sm1th College and A. Apnl, Colgate U. 

16. SCE G. Bradford, UCR 

17. NASA P. Matson, NASA-Ames 

Study Site' 

Project Coordination. meteorology. precipitation 
and stream chemistry, long 1, 2, 3 
term vegetation dynamics 

Aquatic b1ology and lake chemistry 

Vegetat1on and mycorrhizae studies 

Soils mapping 

So1l chemistry 

Snow hydrology and chemistry 

Soil processes 

Lake sediment buffering 

Ozone effects 

L1chen survey 

Geology 

Stream chemistry and hydrology 

Dry deposition 

Tree nng chronology 

Surficial geology and mineralogy 

Lake chemistry 

N mineralization and canopy nutrients 

1, 2 

1,2,3 

1, 2,3 

1,2,3 

2 

2,3 

1, 2 

1 

3 

1 

2,3 
Digital terrain 1,2 

er forest (Log Meadow); 3 - Chaparral (Elk Creek) 
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ies are all contracted to university scientists, 
e of whom already were working in the Park. 
ivate sector interest in Sequoia's program is evi­
ed by the Electrical Power Research Institute's 
I) funding of a study of suriicial geology and 
ralogy at Emerald Lake as well as by the South­

California Edison Co.'s support of both extensive 
 chemistry and event precipitation chemistry. 
ther studies currently or recently supported in the 
 that relate directly to the ecosystem program 
de a Man and the Biosphere Program pilot study 

ry deposition at Elk Creek; NPS Air Quality Divi­
 supported studies of ozone effects on conifers 
oaks, and a survey of pollution sensitive lichens; 

 an EG & G National Laboratory preliminary study 
ace element concentrations of air, soil, water, litter 
 vegetation. 

Progress and Prognosis 
ince the program is still in its infancy, there is little 
available in the way of hard data. Beginning this 
r, data and methods from Sequoia's ecosystem 
arch program will be joined by a new research 
st to develop a Geo-based Resource Information 
tem (GIS) that will combine historic, newly col­
ed, and remotely-sensed geophysical and biotic 
rmation in 'map" format. This will provide mana­
, scientists, and planners ready access to all 

ilable resource data for any given location in both 
uoia and Kings Canyon Parks. It is our hope that 
ther with a comprehensive data base developed 
ugh the acid precipitation/watershed program the 
 will provide a model for natural resource pro­
s in the National Park Service. 
hile the ultimate scope of the Sequoia program 
 matter of speculation, it appears that the mag­
de, quality, and accessibility of the data bases for 
three primary study sites, as well as the extent of 
peration between federal, state and private in­
sts, may prove to be the most comprehensive 
r known to a National Park. Meanwhile, the effort 
ds as an example of what can be accomplished 
combining a little seed money and a positive at­
e toward the value of research. 
arsons and Graber are Research Scientists at 
uoia & Kings Canyon NPs. 


