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The project was conducted during the period from 7/1/2012 to 6/30/2017 with three major tasks:
(1) data synthesis and development of data assimilation (DA) techniques to constrain modeled
ecosystem feedback to climate change; (2) applications of DA techniques to improve process
models at different scales from ecosystem to regions and the globe; and 3) improvements of
modeling soil carbon (C) dynamics by land surface models.

During this period, we have synthesized published data from soil incubation experiments (e.g.,
Chen et al., 2016; Xu et al., 2016; Feng et al., 2016), global change experiments (e.g., Li et al.,
2013; Shi et al., 2015, 2016; Liang et al., 2016) and fluxnet (e.g., Niu et al., 2012., Xia et al.,
2015; Li et al., 2016). These data have been organized into multiple data products and have been
used to identify general mechanisms and estimate parameters for model improvement.

We used the data sets that we collected and the DA techniques to improve model performance of
both ecosystem models and global land models. The objectives are: 1) to improve model
simulations of litter and soil carbon storage (e.g., Schidel et al., 2013; Hararuk and Luo, 2014;
Hararuk et al., 2014; Liang et al., 2015); 2) to explore the effects of CO,, warming and
precipitation on ecosystem processes (e.g., van Groenigen et al., 2014; Shi et al., 2015, 2016;
Feng et al., 2017); and 3) to estimate parameters variability in different ecosystems (e.g., Li et
al., 2016).

We developed a traceability framework, which was based on matrix approaches and decomposed
the modeled steady-state terrestrial ecosystem carbon storage capacity into four can trace the
difference in ecosystem carbon storage capacity among different biomes to four traceable
components: net primary productivity (NPP), baseline C residence times, environmental scalars
and climate forcing (Xia et al., 2013). With this framework, we can diagnose the differences in
modeled carbon storage across ecosystems, biomes, and models. This framework has been
successfully implemented by several global land models, such as CABLE (Xia et al., 2013), LPJ-
GUESS (Ahlstrom et al., 2015), CLM (Hararuk et al., 2014; Huang et al., 2017, submitted; Shi et
al., 2017, submitted), and ORCHIDEE (Huang et al., 2017, unpublished). Moreover, we have
identified the theoretical foundation of the determinants of transient C storage dynamics by
adding another term, C storage potential, to the steady-state traceability framework (Luo et al.,
2017). The theoretical foundation of transient C storage dynamics has been applied to develop a



transient traceability framework to explore the traceable components of transient C storage
dynamics responded to the rising CO and climate change in the two contrasting ecosystem types
Duke needleleaved forest and Harvard deciduous broadleaved forest (Jiang et al., 2017, in
revision).

Overall, with the data synthesis, data assimilation techniques, and the steady-state and transient
traceability frameworks, we have greatly improved land process models for predicting responses
and feedback of terrestrial C dynamics to global change. The matrix approaches has the potential
to be applied in theoretical research on nitrogen and phosphorus cycle, and therefore, the
coupling of carbon-nitrogen-phosphorus.

Below are the highlights of key results:

Joint control of terrestrial gross primary productivity by plant phenology and physiology:
Terrestrial gross primary productivity (GPP) varies greatly over time and space. A better
understanding of this variability is necessary for more accurate predictions of the future climate—
carbon cycle feedback. Recent studies have suggested that variability in GPP is driven by a broad
range of biotic and abiotic factors operating mainly through changes in vegetation phenology and
physiological processes. However, it is still unclear how plant phenology and physiology can be
integrated to explain the spatiotemporal variability of terrestrial GPP. Based on analyses of
eddy—covariance and satellite-derived data, we decomposed annual terrestrial GPP into the
length of the CO» uptake period (CUP) and the seasonalmaximal capacity of CO» uptake
(GPPuax). The product of CUP and GPPmax explained >90% of the temporal GPP variability in
most areas of North America during 2000-2010 and the spatial GPP variation among globally
distributed eddy flux tower sites. It also explained GPP response to the European heatwave in
2003 (#* = 0.90) and GPP recovery after a fire disturbance in South Dakota (> = 0.88).
Additional analysis of the eddy—covariance fluxdata shows that the interbiome variation in
annual GPP is better explained by that in GPPmax than CUP. These findings indicate that
terrestrial GPP is jointly controlled by ecosystem-level plant phenology and photosynthetic
capacity, and greater understanding of GPPmax and CUP responses to environmental and
biological variations will, thus, improve predictions of GPP over time and space.

Thermal optimality of net ecosystem exchange of carbon dioxide and underlying mechanisms: It
is well established that individual organisms can acclimate and adapt to temperature to optimize
their functioning. However, thermal optimization of ecosystems, as an assemblage of organisms,
has not been examined at broad spatial and temporal scales. Here, we compiled data from 169
globally distributed sites of eddy covariance and quantified the temperature response functions of
net ecosystem exchange (NEE), an ecosystem-level property, to determine whether NEE shows
thermal optimality and to explore the underlying mechanisms. We found that the temperature
response of NEE followed a peak curve, with the optimum temperature (corresponding to the
maximum magnitude of NEE) being positively correlated with annual mean temperature over
years and across sites. Shifts of the optimum temperature of NEE were mostly a result of
temperature acclimation of gross primary productivity (upward shift of optimum temperature)
rather than changes in the temperature sensitivity of ecosystem respiration. Ecosystem-level
thermal optimality is a newly revealed ecosystem property, presumably reflecting associated
evolutionary adaptation of organisms within ecosystems, and has the potential to significantly
regulate ecosystem—climate change feedbacks. The thermal optimality of NEE has implications




for understanding fundamental properties of ecosystems in changing environments and
benchmarking global models.

Processes regulating progressive nitrogen limitation under elevated carbon dioxide: The nitrogen
(N) cycle has the potential to regulate climate change through its influence on C sequestration.
Although extensive research has explored whether or not progressive N limitation (PNL) occurs
under CO» enrichment, a comprehensive assessment of the processes that regulate PNL is still
lacking. Here, we quantitatively synthesized the responses of all major processes and pools in the
terrestrial N cycle with meta-analysis of CO> experimental data available in the literature. The
results showed that CO» enrichment significantly increased N sequestration in the plant and litter
pools but not in the soil pool, partially supporting one of the basic assumptions in the PNL
hypothesis that elevated CO> results in more N sequestered in organic pools. However,

CO2 enrichment significantly increased the N influx via biological N fixation and the loss via
N20 emission, but decreased the N efflux via leaching. In addition, no general diminished

CO:2 fertilization effect on plant growth was observed over time up to the longest experiment of
13 years. Overall, our analyses suggest that the extra N supply by the increased biological N
fixation and decreased leaching may potentially alleviate PNL under elevated CO> conditions in
spite of the increases in plant N sequestration and N>O emission. Moreover, our syntheses
indicate that CO» enrichment increases soil ammonium (NH4") to nitrate (NO3") ratio. The
changed NH4"/NO;™ ratio and subsequent biological processes may result in changes in soil
microenvironments, above-belowground community structures and associated interactions,
which could potentially affect the terrestrial biogeochemical cycles. In addition, our data
synthesis suggests that more long-term studies, especially in regions other than temperate ones,
are needed for comprehensive assessments of the PNL hypothesis.

Evaluation and improvement of a global land model against soil carbon data: Long-term land C
cycle feedback to climate change is largely determined by dynamics of soil organic carbon
(SOC). However, most evaluation studies conducted so far indicate that global land models
predict SOC poorly. This study was conducted to evaluate predictions of SOC by the
Community Land Model with Carnegie-Ames-Stanford Approach biogeochemistry submodel
(CLM-CASA”), investigate underlying causes of mismatches between model predictions and
observations, and calibrate model parameters to improve the prediction of SOC. We compared
modeled SOC to the SOC pools from a globally gridded observation data product and found that
CLM-CASA’ on average underestimated SOC pools by 65% (> = 0.28). We applied data
assimilation to CLM-CASA’ to estimate SOC residence times, C partitioning coefficients among
the pools, and temperature sensitivity of C decomposition. The model with calibrated parameters
explained 41% of the global variability in the observed SOC, which was substantial
improvement from the initial 27%. The SOC and litter C feedback to changing climate differed
between models with original and calibrated parameters: after 95 years of climate change (2006—
2100), soils released 48 Pg C less in the calibrated than in the noncalibrated model and litter
released 6.5 Pg C less in the calibrated than the noncalibrated model. Thus, assimilating
estimated soil carbon data into the model improved model performance and reduced the amount
of C released under changing climate. To further reduce the uncertainty in the soil carbon
prediction, we need to explore alternative model structures, improve representation of
ecosystems, and develop additional global datasets for constraining model parameters.




Improvement of global litter turnover rate predictions using a Bayesian MCMC approach: Global
terrestrial C cycle has a strong influence on atmospheric CO; concentrations and temperatures.
Litter mass is relatively small in comparison to soil and plant pools but its turnover rate is fast.
Litter dynamics is important part of the global terrestrial carbon cycle as it is a critical stage in
the soil organic matter formation and nutrient mineralization. Litter turnover rates have been
observed on site, regional, and global levels, however little effort has been put into validating
and calibrating litter decay models against the observations. In this study, we used a Bayesian
Markov Chain Monte Carlo data assimilation technique and globally observed leaf litter turnover
rates to calibrate a first order litter decay model with different assumptions about litter quality
limitations of decomposition. The first order decay model with original parameters and a
commonly-used litter quality limitation function explained 15% of the spatial variation in the
observed leaf litter turnover rates, and parameter calibration increased the explained variation in
the observations to 44%. When litter quality limitation of decomposition was determined by litter
lignin-to-nitrogen ratio rather than structural lignin content the performance of the calibrated first
order decay model was further improved, explaining 62% of variation in the observations. Litter
feedbacks to changing climate differed between the original and best-fitting models: original
model predicted a 16% decrease in leaf litter pool after 95 years of climate change (2006-2100),
whereas the bestfitting model predicted a 2% increase. Furthermore, assuming that litter quality
decreased with increasing CO2 concentrations resulted in a 28% decrease in leaf litter pool
predicted by the original model, and a 15% increase predicted by the best-fitting model. Thus,
assimilating observed leaf litter turnover rates into a first-order decay model improved model fit
and reversed leaf litter feedbacks to changing climate.

Methods for estimating temperature sensitivity of soil organic matter based on incubation data:
Although the temperature sensitivity (Qio) of soil organic matter (SOM) decomposition has been
widely studied, the estimate substantially depends on the methods used with specific
assumptions. Here we compared several commonly used methods (i.e., one-pool (1P) model,
two-discrete-pool (2P) model, three-discrete-pool (3P) model, and time-for-substrate (T4S)

Q10 method) plus a new and more process-oriented approach for estimating Q1o of SOM
decomposition from laboratory incubation data to evaluate the influences of the different
methods and assumptions on Qo estimation. The process-oriented approach is a three-transfer-
pool (3PX) model that resembles the decomposition sub-model commonly used in Earth system
models. The temperature sensitivity and other parameters in the models were estimated from the
cumulative CO; emission using the Bayesian Markov Chain Monte Carlo (MCMC) technique.
The estimated Q1os generally increased with the soil recalcitrance, but decreased with the
incubation temperature increase. Our results indicated that the 1P model did not adequately
simulate the dynamics of SOM decomposition and thus was not adequate for the Q1o estimation.
All the multi-pool models fitted the soil incubation data well. The Akaike information criterion
(A1C) analysis suggested that the 2P model is the most parsimonious. As the incubation
progressed, Q1o estimated by the 3PX model was smaller than those by the 2P and 3P models
because the continuous C transfers from the slow and passive pools to the active pool were
included in the 3PX model. Although the T4S method could estimate the Q1o of labile carbon
appropriately, our analyses showed that it overestimated that of recalcitrant SOM. The similar
structure of 3PX model with the decomposition sub-model of Earth system models provides a
possible approach, via the data assimilation techniques, to incorporate results from numerous
incubation experiments into Earth system models.




Separating soil CO» efflux into C-pool-specific decay rates via inverse analysis of soil
incubation data: Soil organic matter (SOM) is heterogeneous in structure and has been
considered to consist of various pools with different intrinsic turnover rates. Although those
pools have been conceptually expressed in models and analyzed according to soil physical and
chemical properties, separation of SOM into component pools is still challenging. In this study,
we conducted inverse analyses with data from a long-term (385 days) incubation experiment
with two types of soil (from plant interspace and from underneath plants) to deconvolute soil C
efflux into different source pools. We analyzed the two datasets with one-, two- and three-pool
models and used probability density functions as a criterion to judge the best model to fit the
datasets. Our results indicated that soil C release trajectories over the 385 days of the
incubation study were best modeled with a two-pool C model. For both soil types, released C
within the first 10 days of the incubation study originated from the labile pool. Decomposition
of C in the recalcitrant pool was modeled to contribute to the total CO. efflux by 9-11 % at the
beginning of the incubation. At the end of the experiment, 75-85 % of the initial soil organic
carbon (SOC) was modeled to be released over the incubation period. Our modeling analysis
also indicated that the labile C-pool in the soil underneath plants was larger than that in soil
from interspace. This deconvolution analysis was based on information contained in incubation
data to separate carbon pools and can facilitate integration of results from incubation
experiments into ecosystem models with improved parameterization.

Soil properties control decomposition of soil organic carbon: Results from data assimilation
analysis: Soil properties, such as clay content, are hypothesized to control decomposition of soil
organic carbon (SOC). However, these hypotheses of soil property-C decomposition
relationships have not been explicitly tested at large spatial scales. Here, we used a data-
assimilation approach to evaluate the roles of soil properties and environmental factors in
regulating decomposition of SOC. A three-pool (active, slow, and passive) C-cycling model was
optimally fitted with 376 published laboratory incubation data from soils acquired from 73 sites
with mean annual temperature ranging from — 15 to 26 °C. Our results showed that soil physical
and chemical properties regulated decomposition rates of the active and the slow C pools.
Decomposition rates were lower for soils with high clay content, high field water holding
capacity (WHC), and high C:N ratio. Multifactor regression and structural equation modeling
(SEM) analyses showed that clay content was the most important variable in regulating
decomposition of SOC. In contrast to the active and slow C pools, soil properties or
environmental factors had little effect on the decomposition of the passive C pool. Our results
show inverse soil property-C decomposition relationships and quantitatively evaluate the
essential roles of soil texture (clay content) in controlling decomposition of SOC at a large
spatial scale. The results may help model development and projection of changes in terrestrial C
sequestration in the future.

Faster decomposition under increased atmospheric CO» limits soil carbon storage: Soils contain
the largest pool of terrestrial organic C and are a major source of atmospheric carbon dioxide
(COy). Thus, they may play a key role in modulating climate change. Rising atmospheric COx is
expected to stimulate plant growth and soil C input but may also alter microbial decomposition.
The combined effect of these responses on long-term C storage is unclear. Combining meta-
analysis with data assimilation, we show that atmospheric CO; enrichment stimulates both the
input (+19.8%) and the turnover of C in soil (+16.5%). The increase in soil C turnover with




rising CO2 leads to lower equilibrium soil C stocks than expected from the rise in soil C input
alone, indicating that it is a general mechanism limiting C accumulation in soil.

Enhanced decomposition of stable soil organic carbon and microbial catabolic potentials by
long-term field warming: Quantifying soil organic carbon (SOC) decomposition under warming
is critical to predict carbon—climate feedbacks. According to the substrate regulating principle,
SOC decomposition would decrease as labile SOC declines under field warming, but
observations of SOC decomposition under warming do not always support this prediction. This
discrepancy could result from varying changes in SOC components and soil microbial
communities under warming. This study aimed to determine the decomposition of SOC
components with different turnover times after subjected to long-term field warming and/or root
exclusion to limit C input, and to test whether SOC decomposition is driven by substrate lability
under warming. Taking advantage of a 12-year field warming experiment in a prairie, we
assessed the decomposition of SOC components by incubating soils from control and warmed
plots, with and without root exclusion for 3 years. We assayed SOC decomposition from these
incubations by combining inverse modeling and microbial functional genes during
decomposition with a metagenomic technique (GeoChip). The decomposition of SOC
components with turnover times of years and decades, which contributed to 95% of total
cumulative CO» respiration, was greater in soils from warmed plots. But the decomposition of
labile SOC was similar in warmed plots compared to the control. The diversity of C-degradation
microbial genes generally declined with time during the incubation in all treatments, suggesting
shifts of microbial functional groups as substrate composition was changing. Compared to the
control, soils from warmed plots showed significant increase in the signal intensities of microbial
genes involved in degrading complex organic compounds, implying enhanced potential abilities
of microbial catabolism. These are likely responsible for accelerated decomposition of SOC
components with slow turnover rates. Overall, the shifted microbial community induced by long-
term warming accelerates the decomposition of SOC components with slow turnover rates and
thus amplify the positive feedback to climate change.

Traceable components of terrestrial carbon storage capacity in biogeochemical models:
Biogeochemical models have been developed to account for more and more processes, making
their complex structures difficult to be understood and evaluated. Here, we introduce a
framework to decompose a complex land model into traceable components based on mutually
independent properties of modeled biogeochemical processes. The framework traces modeled
ecosystem carbon storage capacity (Xss) to (i) a product of NPP and ecosystem residence time
(te). The latter 1 can be further traced to (ii) baseline carbon residence times (t'g), which are
usually preset in a model according to vegetation characteristics and soil types, (iii)
environmental scalars (§), including temperature and water scalars, and (iv) environmental
forcings. We applied the framework to the Australian Community Atmosphere Biosphere Land
Exchange (CABLE) model to help understand differences in modeled carbon processes among
biomes and as influenced by nitrogen processes. With the climate forcings of 1990, modeled
evergreen broadleaf forest had the highest NPP among the nine biomes and moderate residence
times, leading to a relatively high carbon storage capacity (31.5 kg cm™2). Deciduous needle leaf
forest had the longest residence time (163.3 years) and low NPP, leading to moderate carbon
storage (18.3 kg cm™). The longest T in deciduous needle leaf forest was ascribed to its longest
T'E (43.6 years) and small & (0.14 on litter/soil carbon decay rates). Incorporation of nitrogen
processes into the CABLE model decreased Xss in all biomes via reduced NPP (e.g., -12.1% in




shrub land) or decreased 1k or both. The decreases in 1g resulted from nitrogen-induced changes
in g (e.g., -26.7% in Cs grassland) through carbon allocation among plant pools and transfers
from plant to litter and soil pools. Our framework can be used to facilitate data model
comparisons and model intercomparisons via tracking a few traceable components for all
terrestrial carbon cycle models. Nevertheless, more research is needed to develop tools to
decompose NPP and transient dynamics of the modeled carbon cycle into traceable components
for structural analysis of land models.

Transient dynamics of terrestrial carbon storage: mathematical foundation and its applications:
Terrestrial ecosystems have absorbed roughly 30% of anthropogenic CO; emissions over the past
decades, but it is unclear whether this C sink will endure into the future. Despite extensive
modeling and experimental and observational studies, what fundamentally determines transient
dynamics of terrestrial C storage under global change is still not very clear. Here we develop a
new framework for understanding transient dynamics of terrestrial C storage through
mathematical analysis and numerical experiments. Our analysis indicates that the ultimate force
driving ecosystem C storage change is the C storage capacity, which is jointly determined by
ecosystem C input (e.g., NPP) and residence time. Since both C input and residence time vary
with time, the C storage capacity is time dependent and acts as a moving attractor that actual C
storage chases. The rate of change in C storage is proportional to the C storage potential, which
is the difference between the current storage and the storage capacity. The C storage capacity
represents instantaneous responses of the land C cycle to external forcing, whereas the C storage
potential represents the internal capability of the land C cycle to influence the C change
trajectory in the next time step. The influence happens through redistribution of net C pool
changes in a network of pools with different residence times. Moreover, this and our other
studies have demonstrated that one matrix equation can replicate simulations of most land C
cycle models (i.e., physical emulators). As a result, simulation outputs of those models can be
placed into a three dimensional (3-D) parameter space to measure their differences. The latter
can be decomposed into traceable components to track the origins of model uncertainty. In
addition, the physical emulators make data assimilation computationally feasible so that both C
flux- and pool-related datasets can be used to better constrain model predictions of land C
sequestration. Overall, this new mathematical framework offers new approaches to
understanding, evaluating, diagnosing, and improving land C cycle models.
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experimental warming. AGU Fall Meeting (December 9-13, 2013), San Francisco, CA
Lifen Jiang, Yiqi Luo, Yaner Yan, Oleksandra Hararuk. Scale-dependent performances
of CMIP5 earth system models in simulating terrestrial vegetation carbon. AGU Fall
Meeting (December 9-13, 2013), San Francisco, CA

Xuecheng Chen, Yiqi Luo, Xia Xu, Dejun Li, Shuli Niu, Warming and altered
precipitation affect litter decomposition and nitrogen dynamics in a mixed-grass prairie.
AGU Fall Meeting (December 9-13, 2013), San Francisco, CA

Oleksandra Hararuk, Matthew J Smith, Yiqi Luo. Improving global soil carbon
predictions with data-constrained microbial based models. AGU Fall Meeting
(December 9-13, 2013), San Francisco, CA

Yingping Wang, Matthew J Smith, Yiqi Luo, Maria Leite, Folashade Agusto, Benito
Chen, Forrest M Hoffman, Belinda E Medlyn, Martin Rasmussen. Theoretical analysis
of the global land carbon cycle: what determines the trajectory of future carbon uptake?
AGU Fall Meeting (December 9-13, 2013), San Francisco, CA

Nathaniel Mikle and Yiqi Luo. Toward identification of a threshold to ecosystem
collapse using rain- use efficiency as an indicator. AGU Fall Meeting (December 9-13,
2013), San Francisco, CA

Yiqi Luo, Zheng Shi, Nathaniel Mikle, Jianyang Xia, Shuli Niu, Liming Yan. Search for
generalizable mechanisms and patterns from variable ecosystem responses to climate
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extremes (invited). AGU Fall Meeting (December 9-13, 2013), San Francisco, CA
Jianyang Xia, Yiqi Luo, Shuli Niu, Dafeng Hui, Jinwei Dong, Jiquan Chen, Ensheng
Weng, Jianwei Li. Convergence of phenological and physiological control on annual
terrestrial carbon dioxide uptake. AGU Fall Meeting (December 9-13, 2013), San
Francisco, CA

Kai Xue, Mengting Yuan, Lei Cheng, Jason Shi, Ye Deng, Liyou Wu Zhili He, Joy D.
Van Nostrand, Edward AG Schuur, Yiqi Luo, Konstantinos Konstantinidis, James
Tiedje, Jizhong Zhou. Soil microbial community determines vulnerability of soil carbon
exposed to warming in northern permafrost. Annual ESA meeting (August 4-9, 2013),
Minneapolis, MN

Mengting Yuan, Jin Zhang, Liyou Wu, Kai Xue, Lei Cheng, Ye Deng, Tong Yuan, Joy
Van Nostrand, Zhili He, Edward AG Schuur, Yiqi Luo, James Tiedje, Jizhong Zhou.
Climate warming induced permafrost thaw changes soil microbial communities. Annual
ESA meeting (August 4-9, 2013), Minneapolis, MN

Zheng Shi, Yiqi Luo, Alan K Knapp, Melinda D Smith, Scott L Collins, Will Pockman.
More reduction in plant productivity than respiration under extreme drought across
grassland types along a rainfall gradient: A modeling analysis Annual ESA meeting
(August 4-9, 2013), Minneapolis, MN

Yiqi Luo, Trevor Keeman, Matthew Smith. Predictability of the terrestrial carbon cycle.
Annual ESA meeting (August 4-9, 2013), Minneapolis, MN

Junyi Liang and Yiqi Luo. Less increase in apparent than intrinsic Q1o of soil carbon
release. Annual ESA meeting (August 4-9, 2013), Minneapolis, MN

Meng Lu, Xuhui Zhou, Yiqi Luo, Bo Li. Responses of ecosystem carbon cycle to
experimental warming: A meta-analysis. Annual ESA meeting (August 4-9, 2013),
Minneapolis, MN

Jianwei Li, Yiqi Luo, Susan M. Natali, Edward AG Schuur, Jianyang Xia, Bernard Pak,
Eva Kowalczyk, Yingping Wang. Permafrost thaw and ecosystem carbon cycle under
multifactor global change at a tundra site: A modeling approach. Annual ESA meeting
(August 4-9, 2013), Minneapolis, MN

Luo Y, T Keenan, M Smith. Predictability of the terrestrial carbon cycle. The 9th
International Carbon Dioxide Conference (June 3-7, 2013), Beijing, China.

Luo Y, J Xia, YP Wang, O Hararuk O. Theoretical Analysis of the terrestrial carbon
cycle. 4th NACP All-Investigators Meeting (February 6, 2013), Albuquerque, NW

Luo Y, J Xia, YP Wang, O Hararuk, S Niu, et al. A traceability framework to facilitate
model evaluation. CESM Land Model and Biogeochemistry Working Group Meetings
(February 20-22, 2013), Boulder, CO

Xia J, Y Luo, YP Wang, S Niu, O Hararuk. Traceable components of modeled carbon
storage capacity in terrestrial ecosystem. 4th NACP All-Investigators Meeting (February
6, 2013), Albuquerque, NW

Xia J, Y Luo, YP Wang, S Niu, O Hararuk. A traceability framework for model
intercomparisons. Multi-Scale Synthesis and Terrestrial Biospheric Model
Intercomparison Project (MsTMIP) Workshop (February 8, 2013), Albuquerque, NM
Luo Y, J Xia, Ecolab members. Evaluating and improving performances of global land-
surface models through data synthesis and data assimilation. TES/SBR Joint
Investigators Meeting (May 14-15, 2013), Potomac, MD

Luo Y. Nonautonomous linear system of the terrestrial carbon cycle. AGU Fall Meeting
(December 3-7, 2012), San Francisco, CA



91. Schaedel C, EA Schuur, R Bracho, B Elberling, C Knoblauch, A Kotowska, H Lee, Y
Luo, M Lupascu, S Natali, GR Shaver, MR Turetsky. Pan-arctic permafrost C quality
and vulnerability over time: A synthesis of long-term incubation studies (Invited). AGU
Fall Meeting (December 3-7, 2012), San Francisco, CA

92. LiJ, S Natali, C Schaedel, EA Schuur, Y Luo. Permafrost carbon cycles under
multifactor global change: A modeling analysis. AGU Fall Meeting (December 3-7,
2012), San Francisco, CA

93.Li D, R Kelly, F Hu, Y Luo. Impacts of shifting fire regime on ecosystem carbon storage
capacity in the interior Alaskan forests. AGU Fall Meeting (December 3-7, 2012), San
Francisco, CA

94. De Kauwe MG, BE Medlyn, MC Dietze, PJ Hanson, T Hickler, AK Jain, Y Luo, RJ
Norby, R Oren, WJ Parton, IC Prentice, PE Thornton, A Walker, Y Wang, S Wang, J
Warren, D Warlind, E Weng, S Zachle. Water use and water use efficiency at elevated
COz: a model-data intercomparison at two contrasting temperate forest FACE sites AGU
Fall Meeting (December 3-7, 2012), San Francisco, CA

95. Hararuk O. J Xia. Y Luo Evaluation and improvement of two global land models against
soil carbon data using a data assimilation approach. AGU Fall Meeting (December 3-7,
2012), San Francisco, CA

96. Wieder W, GB Bonan, O Hararuk, Y Luo, Integrating observations to inform soil
biogeochemistry in CLM4. AGU Fall Meeting (December 3-7, 2012), San Francisco,
CA

97. Weng E, Y Luo, W Wang, H Wang, DJ Hayes, AD McGuire, A Hastings, D Schimel.
Ecosystem carbon storage capacity as affected by disturbance regimes: a general
theoretical model. AGU Fall Meeting (December 3-7, 2012), San Francisco, CA

98. Walker AP, S Zaehle, MG De Kauwe, MC Dietze, PJ Hanson, T Hickler, AK Jain, Y
Luo, HR McCarthy, BE Medlyn, WJ Parton, PE Thornton, S Wang, Y Wang, D
Warlind, E Weng, R Oren, RJ Norby. Climatic drivers of variability in the response of
NPP to elevated CO2: A model-data comparison at two FACE sites in the south eastern
US. AGU Fall Meeting (December 3-7, 2012), San Francisco, CA

99. Niu S and Y Luo. State changes in terrestrial ecosystem carbon cycling after recovering
from disturbance. AGU Fall Meeting (December 3-7, 2012), San Francisco, CA

100. LuoY,J Yuan, S Niu. Climate and biological controls of carbon fluxes along
latitudinal gradients (Invited). AGU Fall Meeting (December 3-7, 2012), San Francisco,
CA

101. Qi X and Y Luo. Effect of elevated CO, on ecosystem nitrogen fluxes and pools:
Meta-analysis. 97th ESA Annual Meeting (August 5-10, 2012), Portland OR

102.  ZhouJ, L Wu, K Xue, L Cheng, M Yuan, J Zhang, Y Deng, JD Van Nostrand, Z He,
R Penton, J Cole, J Tiedje, R Bracho-Garrillo, EAG Schuur, C Luo, K Konstantinidis, X
Xu, D Li, Y Luo. From community structure to function: Metagenomics-enabled
predictive understanding of microbial communities to climate warming at the temperate
grassland ecosystems in Oklahoma. 97th ESA Annual Meeting (August 5-10, 2012),
Portland OR

103. ChengL, Y Luo, L Wu, Y Deng, Y Qin, J Van Nostrand, Z He, M Beth Leigh, EAG
Schuur, J Tiedje, J Zhou. Experimental warming increases old carbon decomposition
through shifting functional microbial communities in a tallgrass prairie. 97th ESA
Annual Meeting (August 5-10, 2012), Portland OR

104. LuoY, X Xu, RA Sherry, S Niu, D Li, J Xia. State transition of US Great Plains



prairie under experimental warming. 97th ESA Annual Meeting (August 5-10, 2012),
Portland OR

105. Xue K, J Xie, Y Deng, L Wu, Z He, JD Van Nostrand, Y Luo, J Zhou. Interactive
effects of clipping practice and experimental warming on soil microbial communities
involved in nitrogen cycling in a tallgrass prairie. 97th ESA Annual Meeting (August 5-
10, 2012), Portland OR

106. Xial,Y Luo, Y Wang. Traceable components of modeled carbon storage capacity in
terrestrial ecosystem. 97th ESA Annual Meeting (August 5-10, 2012), Portland OR

107. Li D, C Schidel, J Zhou, Y Luo. A data-model fusion technique to evaluate the
temperature sensitivity of SOC decomposition. 97th ESA Annual Meeting (August 5-10,
2012), Portland OR

108. Hararuk O, D Obrist, Y Luo. Modeling the sensitivity of soil mercury storage to
climate-induced changes in soil carbon pools. 97th ESA Annual Meeting (August 5-10,
2012), Portland OR

109. Luo R, D Li, Y Luo. Global patterns of fire regime analysis based on fire frequency.
97th ESA Annual Meeting (August 5-10, 2012), Portland OR

Student training

2016-pres. Volodymyr Saruta (Ph.D.)

2016-pres. Guopeng Liang (Ph.D.)

2015-pres. Ling Du (Ph.D.)

2015-pres. Shuang Ma (Ph.D.)

2015-pres. Chang Gyo, Jung (Ph.D.)

2014-pres. Qiangyue Li (Ph.D.) at Center for Earth System Science, Tsinghua University.

2013-2014. Nate Mikle (MS), Extreme climate effects on global productivity.

2013-2016. Junyi Liang (Ph.D.), Data assimilation.

2011-2014. Xuecheng Cheng (MS), Litter decomposition.

2011-2015. Zheng Shi (Ph.D.), Data assimilation and ecological forecasting.

2010-2012. Esther Ali (MS), Soil carbon dynamics of tropical forest ecosystems after fire.

2010-2013. Xuan Qi (MS), Soil nitrogen dynamics in response to global change.

2008-2014. Junjiong Shao (Ph.D.), Interannual variability of net ecosystem exchange
(located at Fudan Univ. Shanghai, China).

2008-2014. Oleksandra Hararuk (Ph.D.), Modeling study of soil carbon in terrestrial
ecosystems.

2008-2012. Xia Xu (Ph.D.), Temperature sensitivity of soil organic matter.
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