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Still, Chris. 2000. C-4 Plantsand the Carbon Cycdle: Studies
a Regiond and Globd Scdes Ph.D. Thesis, Stanford
University, 95 pages.

This dissertation describeswork | conductedin collaboration
with many others to examine the response of cloud forest
ecosystemsto globa change and therolethat photosynthetic
pathwaysplay inthe carbon cycle. Inthe second chapter, my
co-authors (Pru Foster and Stephen Schneider) and | examine
the potentia impacts of climate change on tropica montane
coud forests. These forests are criticaly endangered
ecosystems that provide a range of ecosystem services, from
serving as watersheds to regulating seasond water releases.
They ae dso very rich in endemic species, perhaps in
responseto the unique microclimates resulting from frequent
cloud contact. We predict changes in cloud formation heights
in a doubled-CO, world, with attendant impacts on these
unigque ecosystems. In the third chapter, | describe a globa
digtribution of C, and C, plants| devel oped for usein carbon

cycle studies. Because of their distinct morphology and
biochemistry, C, plants respond very differently to light,
temperature, and carbon dioxide than do C; plants. A better
understanding of the terrestriad carbon cycle using forward
andinversemodding techniquesthereforerequiresknowledge
of the spatial and tempora extent of both photosynthetic
types. The globd digtribution | developed combines new
remote sensing products with physiological modeling. With
this approach, | have smulated the carbon fluxes associated
with each photosynthetic type using the SB2 land surface
modd. This distribution predicts the areal coverage of C,
vegetation to be 18 million kn? (~10% of the land surface),
and C, gross primary productivity to be 20% of global
productivity. The fourth chapter concerns work at the
regiond scae, where | have used isotopic techniques to
esimate the G/C; mixture of a talgrass prairie Ste in
Oklahoma. The photosynthetic mixture is required for
understandingthephysiologica controlsoncarbon, water and
enagy fluxes messured a the Ste with an eddy covariance
system. Results suggest seasond changes in this mixture: in



the cooler and wetter spring, C; grasses and forbs
predominate (~60% of ecosystem nighttime respiration),
while the hotter and drier summer favors the growth of C,
grases (50-80% of ecosystem nighttime respiration).
However, measurements of photosynthesis early in the
growing season suggest higher G percentages than the
nighttime respiration gpproach. This disagreement between
the two approaches might result from a disequilibrium
between the isotopic composition of photosynthesis and
respiraion. Thisnew disequilibrium, if confirmed by further
measurements, would have implications for globa budgeting
techniques that use carbon isotopes in CO, to partition the
net sink between oceans and land. | have dso developed the
use of the oxygen isotope composition of CO, asanew and
independent congtraint on C,/C, contributions to net carbon

exchanges

Major Professor(s): Berry, Joseph A., and Stephen H.
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Stylinski, Cathlyn D. 2000. Effects of Resource
Availability on Plant Reflectance and Physiology. Ph.D.
Dissertation, San Diego State University, University of
California Davis, 134 pages.

Remote senaing is an important means of examining net CO,
exchange between terrestria ecosystems and the atmosphere
and the effects of devated [CO,] on plant productivity at
multiple spatid and tempora scades. In paticular, indices
derived from narrow-waveband reflectance that are sendtive
to dynamic physiological attributes may reveal periods of
photosynthetic downregulation and may improve plant
productivity modds. Here we examined the reationship
between photosynthesi s, photoprotective xanthophyll cycle
pigments, and the Photochemica Reflectance Index (PRI) for
meature woody Mediterranean plants under two conditions:
natura drought and exposureto amospheric CO, enrichment.
Wea so examined plantsunder severewater stresstotest and
compare the effects of physology and structure on PRI, the
Normdized Difference Vegetation Index (NDVI), and the
Water Band Index (WBI). PRI varied primarily with lesf
physiology, and NDVI primarily with stand structure. WBI
was affected by both attributesand, unlike PRI, did not scale

wdl from leaves to whole stands. PRI was well linked to
photoprotective xanthophyll cycle pigments and electron
transport. Both PRI and these pigments varied with seasond
changes in midday photosynthesis, demonstrating that the
xanthophyll cycle is an important form of photoprotection
for evergreen Mediterranean species undergoing
photosynthetic downregulation. By contrast, NDVI wasnot
sengitive to physiological changes but was well correlated
with green canopy cover. Theseresults suggest that the"big-
leef hypothesis' (which states that canopies can be
characterized by asingle reference leaf) cannot be gpplied to
al physiologica indices. Furthermore, in agreement with the
"functiona convergencehypothesis' (which statesthat plant
physiology and gructure change to match CO, fixation
capacity), our results indicate a coordinated regulation of
photosystem two activity and carbon uptake. However, they
aso demondrate that this relationship may be disrupted
during early lesf development and with devated [CO,].
Overdl, these studies support the use of hyperspectral
indices to monitor plant physiology at the leaf, canopy and
stand scaes. However, confounding of structurd and
physiologica sgnadsissignificant and will makeit difficultto
separate the mixed influences on these indices. To better
understand these influences largescde manipulative
experiments and canopy radiative-transfer models that
incorporate physiologica parameters are needed.

Major Professor(s): Oechd, Walter C.

Department: Biology

Principa Investigator(s): Oechd, Walter C.

Program Area: Nationd Indtitute for Globa Environmenta
Change (NIGEC)

KEYWORDS: CARBON DIOXIDE, CHAPARRAL,
NORMALIZED DIFFERENCE VEGETATION INDEX
(NDVI), PHOTOCHEMICAL REFLECTANCE INDEX
(PRI), PIGMENT, REMOTE SENSING, STRESS,
WATER, WATER BAND INDEX (WBI)

3

Gaudinski, Julia B. 2001. Bd owground Carbon Cydingin
Three Temperate Forestsof the Eastern United States. Ph. D.
Dissertation, University of California Irvine, 285

pages.

Raes of cabon (C) cyding in soils are an important
component in the equation of forest carbon baance yet a
present they are poorly quantified. This research focuseson
quantifying rates of soil C cycling at three temperate forests
in the eastern United States dong a latitudina gradient from
Maine to Tennessee. Measurements of C and radiocarbon
(*C) stocks and fluxes are our principal measurement tools.



Totd s0il C stocks (to 80 cm depth) decrease dong the
gradient and are 14.6, 8.4 and 4.9 kgC m? at Howland ME,
Harvard Forest MA, and Walker Branch TN, respectively.
Much of this trend is due to decreasing C stocks in the
organic (O) horizons. Howland and Harvard Forest both have
large humified C stocksin the O horizon with long turnover
times (15-50 years), while & Waker Branch this humified
component is largely absent and turnover times are much
shorter (7-15 years). On timescaes of human interet,
significant C accumulation in these soilswill happen only in
the O and A harizons, which have large C stocks that cycle
on decadd and centennid timescales. The deegper minerd
horizons, despite their large stocks, have long turnover times
(200-2000 years) and can store C effectively only over
millennia. Soils of northern sites such as Howland and
Harvard Forest have greater C storage potentia than the
southern steof Waker Branch. Currently, well-drained soils
acoount for an uptake of 5-50 gC m? y* or 1-25% of the
measured net ecosystem C uptake a each of the stes.
M easurementsof the*C in respired CO, fromincubationsof
0il organic matter combined with C and *4C mass balance
alow partitioning of soil respiration into heterotrophic and
autotrophic sources. Heterotrophic respiration contributed
from44-84% of tota soil respiration for well-drained soilsat
Howland and Harvard Forest in 1999. The average age of
heterotrophic respiration at al three stesis 8-9 years. The
amount of total soil respiration from C fixed >1-2 years ago
decreasss dong the latitudina gradient and is55, 42 and 33%
a the Howland, Harvard Forest, and Walker Branch, sites
respectively for 1998.

Major Professor(s): Trumbore, Susan E.

Depatment: Earth System Science

Principa Investigator(s): Davidson, Eric A.
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Janisch, Jack E. 2001. Carbon Storage in a Pecific
Northwest Conifer Forest Ecosystem: A Chronosequence
Approach. M.S. Thesis, Oregon State University, 190

pages.

Asconcernover globd warmingintensifies, sequedrationand
dorage of amospheric CO, has become an important
scientificand policy issue. Confusion persists, however, over
interpretation of forest carbon (C) source-sink dynamics, in
part because conclusons drawn depend on tempora and
spatial scades of andyss (eg. day-week scde vs

successond-scae), type of disturbance, and methodol ogy

(eg. mass-based vs. flux-based). There is a heed to resolve
this confuson given that drategies for mitigating
anthropogenic CO, emissionsarebased on estimatesof forest
C fluxes during various stages of succession, over which C
fluxes and stores may change. Empirica study of changesin
forest C dores can hep to resolve this confusion by

clarifyingthe C sources-sink dynamicsof forestsin spaceand
time. To better understand the impacts of disturbance on C
source-sink dynamics, changes in C stores of an evergreen-
dominated forest on the Wind River Ranger Didtrict in
Southwestern Washington, U.SA., wereinvestigated donga
500-year chronosequence of 36 stands. Principa objectives
wereto evauate 1) decomposition rates (k) of logs, stumps,
and below-ground coarseroots, 2) net primary productivity
(NPP) of dominant tree species boles at the stand level, and
3) successiona changesin net ecosystemn productivity (NEP)
for live trees and coarse woody debris (CWD), here cdled
NEP,,. Inthe case of decomposition, log and sumpk vaues
did not differ significantly within the two principal species
studied, indicating substitution of log & vauesfor sump &
vaues in modes of forest C budgets may be vaid when
stump decomposition data is lacking. Decomposition rates
between species differed, with Douglasfir (Pseudotsuga
menziesii (Mirb.) Franco) decomposing more dowly (k¢ =
0013 yr') relaive to western hemlock (Tsuga
heterophylla (R&.) Sarg. (k = 0.036 yrY). This difference
in & between species was observed for both above-ground
stumps and logs aswell asbel ow-ground coarse roots. Given
our meank estimatesand adjusting for regenerating stand age,

thesegtandsarelosing C at arate of 0.16-0.83 Mg C halyr?
(assuming dl CWD is P. menziesii) t0 0.13-1.68 Mg Cha*
yr! (assuming dl CWD is T. heterophylla) from stumps,
logs, and snags. Indluding coarse roots increases these losses
t0 0.28-1.25 Mg C ha! yr! and 0.30-253 Mg C hat yr?,
respectively. Based on these findings, if fragmentation of
these decomposing C pooals is ignored, and fragmented
fractions have oxidized to CO,, standsthought to be net C
snkscouldinredity benet C sourcesto the atmosphere. Net
primary production in tree boles (NPP,) of regenerating
stands (s0 called second-growth) ranged between 0.15-5.28
MgCha’yr?. NPP, of 500-year old stands ranged between
1.3-39Mg C ha' yr?, smilartoNPP, of bolesin 20-25year
old second-growth. Mean radid increment widths from old-
growthstandsindicated that NPP, of these stands (neglecting
mortality) can increase, decrease, or reman redively

constant. Based on 5-year incrementsfor the previousfifteen
years, the mgjority of old-growth stands sampled showed
smadl increases in radid growth over time. Timing of the
transition from negativeto positive of NEP,, ranged between
0 and 57 years after disturbance and depended strongly on
livetree growth retes as well as the fate of CWD and
harvested wood. Estimated maximum and minimum NEP,,



were 3.9 Mg C ha' yr! and -141 Mg C hat! yr?,
respectively. Maximummean C storesof 303Mg C ha' were
reeched approximately 200 years after disturbance. At a
rotation age of 80 years, regenerating stands tored
goproximately 50% as much C in woody biomass as a 500-
year old primary forest, indicating conversion of ol der forests
to plantations released C to the amosphere. Given the high
biomass of mature and old-growth standsrel ativeto younger
regenerating stands in the forest studied, landscape C stores
inlivewood would appear to be maximized in sands of older
agedasses.

Major Professor(s): Harmon, Mark E.

Department: Forest Science

Principa Investigator(s): Harmon, Mark E.

Program Area: Nationd Indtitute for Globa Environmenta
Change (NIGEC)
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Liang, Yiguo. 2001. Smulation and Evauation of the
Impacts of Climate Change and Climatic Varighility on the
Hydrologic Cycle for Forested Areas in the Southeastern
United States. Ph.D. Dissertation, University of
Alabama, Tuscaloosa, 205 pages.

Climate change has significant influences on the hydrologic
cycle for forested areas in the southeastern United States
because of the relaionship between a forests's physiology

and theclimate condition, aswell astheintensveforest cover
rate in the region. A physiologica and hydrologica model

(PnET-I1) was used in thiswork to study the characterigtics
of the hydrologic cycle for foreted watersheds in the
southeastern United States. The mode's systematic biases,
including overestimation of runoff in wet seasons and
underestimation of runoff in growing seasons, were
summearized for 17 experimenta weatersheds. A new mode
verdon, cdled PnET-1I3SL, was developed with four
revisons. 1) replacing the origind sngle-layer soil moisture
scheme with a three-layer soil moisture scheme, 2) adjusting
theoverland (fast) flow fraction based on antecedent moisture
condition and precipitation intensity, 3) introducing a factor
to adjust thewater use efficiency for growing seasons, and 4)
parameterizingproper va uesfor growing-degree-day drivers.
PnET-113SL  exhibited substantia improvements in
simulationsof runoff for the 17 experimental watersheds. The
validated PnET-113SL modd was then employed for all
forested portionsof thesoutheastern United Statesunder two

climate scenarios, HadCM2 and CGCM1, to attempt to
evduate future changes in water availability in two river
systems (the Mississippi River and the Alabama River)
contributed by forested areas. The PnET-113SL model
predicted that forested areas will produce less
evapotranspiration, and thusmorewater availability, inthese
two river systemsin the 21st century.

Major Professor(s): Durrans, S. Rocky

Department: Civil and Environmenta Engineering

Principal Investigator(s): Abt, Robert C.

Program Area: Nationa Indtitute for Globa Environmenta
Change (NIGEC)

KEYWORDS: ALABAMA RIVER BASIN,
EVAPOTRANSPIRATION, FORESTS, HYDROLOGY,
MISSISSIPPI RIVER BASIN, MODEL, MOISTURE,
REGIONAL ANALYSIS, RIVER, RUNOFF, SOIL



