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[ Why spring phenology models don’t work and how to fix them: Hierarchical modeling shows strong
climate sensitivity ] : James S. Clark (Duke University, USA)
[ Explaining Species Distribution Patterns Through Hierarchical Modeling| : Alan E. Gelfand (Duke
University, USA)

(3) 15:15-17:15 I =FLE¥rF—va v
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Why spring phenology models don’t work and how to fix them:

Hierarchical modeling shows strong climate sensitivity

James S. Clark

Duke University
(E-mail: jimclark@duke.edu)

Temperature control of spring phenology in forests

Climate warming will increase productivity if
phenology responds to prolonged growing seasons.
This possibility is supported by some long-term
observational studies showing advancing budbreak
Other stud-
ies suggest that local adaption cued by photoperiod

that coincides with warming climate.

can limit phenological response. Limited response to
climate change has adaptive value, guarding against
damage from late frost in spring and early frost in
fall. The price of this muted response is missed
opportunity to fully exploit the potential growing
season. Due to the challenges for experiments and
models it has been difficult to determine how re-

sponsive phenology will be to climate change.

The modeling portion of this study began with
the current state-of-the-art thermal (degree day)
models. We found that, due to unrealistic assump-
tions, current thermal models for budbreak cannot
be used to identify the onset of development (the

threshold temperature), they do not actually incorpo-

rate the assumptions of adaptation to freezing risk,
and they cannot be used predict phenology at a loca-

tion other than where they are fitted.

We then constructed a new modeling approach
that accommodates continuous phenological develop-
ment, combined with observations that are discrete
and interval censored in time and ordinal and dis-
crete in phenological state. Underlying develop-
ment is a state-space model driven by continuous
temperature variable, winter temperatures, and seed

source.

Based on a large experimental warming study
we show how models of experimental data provide
a detailed time course of phenological development
that is missed in previous studies. We find substan-
tial phenological response and large differences be-
tween individuals of different species. The effects of
increasing temperature on phenology are underesti-
mated with current models. We find that timing of

warming is most critical in late winter/early spring.
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Explaining Species Distribution Patterns Through Hierarchical Modeling

Alan E. Gelfand

Duke University
(E-mail: alan@stat.duke.edu)

Abstract

Understanding spatial patterns of species dis-
tribution and diversity is a consuming problem in
biogeography and conservation. A dataset from the
Cape Floristic Region in South Africa provides some
60,000 records to model biodiversity patterns. Focus-
ing first on modeling presence/absence, we work a
one minute grid -cell scale yielding roughly 37,000
cells for the region. Using a Bayesian framework,
we develop a two-stage spatially explicit hierarchical
logistic regression. Stage one models the potential
presence or absence of a species in a grid cell while
stage two models the probability of observing each
species in each cell given that it is present. Sampling
intensity varies widely over the region. In addition,
portions of the landscape have been transformed
due to human intervention. The model provides nov-
el measures of biodiversity. These measures capture
notions such as species range, species prevalence,
species richness, species abundance, species diver-
sity, and species turnover.

As a second setting, often, available data is col-
lected as a set of presence locations only thus pre-

cluding the possibility of a presence-absence analy-

sis. We propose that it is natural to view presence-
only data for a region as a point pattern over that
region and to use local environmental features to
explain the intensity driving this point pattern. This
suggests hierarchical modeling, treating the pres-
ence data as a realization of a spatial point process
whose intensity is governed by environmental co-
variates. Spatial dependence in the intensity surface
is modeled with random effects involving a zero
mean Gaussian process. Highly variable and typical-
ly sparse sampling effort as well as land transforma-
tion degrades the point pattern so we augment the
model to capture these effects. Again, data from the
Cape Floristic Region (CFR) is employed, working
with the foregoing ~ 37, 000 grid cells. The model
was run for a number of different species. Model
selection was investigated with regard to choice of
environmental covariates. Also, comparison is made
with the now popular Maxent approach, though the
latter is much more limited with regard to infer-
ence. In fact, inference such as investigation of spe-
cies richness immediately follows from our modeling

framework.



HAERS XX 2 2858 61 %5 (2013)

Spatio-temporal capture-recapture model:

how does spatial structure bias the mortality estimation?

REEN

305-0053 Ik I AXTH/NEP)I 16-2  ARSZAT B N E L BREEEFE T

(E-mail: fukasawa@nies.go.jp)

Abstract

Capture-recapture method is a basic approach
to estimate mortality of an animal population. Tradi-
tionally, capture-recapture models such as Cormack-
Jolly-Seber (CJS) model are frequently applied to
estimate mortality. Recently, Bayesian method is
used for the estimation of parameters of CJS model.
Bayesian formulation of CJS model treats alive/dead
status of every individuals at every time steps as
latent variables. Recent studies proposed various
extensions of Bayesian Cormack-Jolly-Seber model,
which consider individual heterogeneity and effects
of habitat choice on capture probability and mortal-
ity.

A common structure of many population studies
is that traps are organized into a spatial array and
individuals are expected to encounter with multiple
traps over time. Generally, animal individuals have
their home ranges, and encounter of an individual
and a trap depends on their locations. Such spatial
structure might bias an estimation of mortality using
traditional CJS model, because it describes the cap-
ture process as if only a trap is used and heteroge-
neity in capture probability among the combinations

of the individual and the trap is not considered.

I developed a spatial extension of CJS model
(spatial CJS model) which explicitly incorporates
heterogeneity in capture probability as a function of
locations of individual home ranges and traps. In this
model, a home range of each animal is approximated
by a two-dimensional normal distribution, and its
center is described as a two-dimensional latent vari-
able. Using simulated data of a capture-recapture
study in which capture probability depends on the
distance between an individual and a trap, I com-
pared accuracy of mortality estimation among three
types of models: (1) the traditional Cormack-Jolly-
Seber model, and (2) the extension of CJS model in
which individual heterogeneity in capture probabil-
ity is considered (individual heterogeneity model), (3)
the new spatial CJS model,.

The result indicated that mortality was over-
estimated by both traditional CJS model and indi-
vidual heterogeneity model. The bias became larger
when home range size is small and mortality is high.
Spatial Cormack-Jolly-Seber model proposed in this
study was more accurate irrespective of home range
size and mortality. I will also show an application of
the model to an Asian black bear (Ursus thibetanus)

population in Japan.
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Short term effect of tree logging on nitrous oxide flux from soils;

focusing on belowground tree-soil interaction

B —ak
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Abstract

Forest soils are a source of nitrous oxide (N20),
which gas contributes global warming and tropo-
spheric ozone destruction. Previous studies reported
some forest managements (thinning and harvesting)
might cause the change in N cycling and N20 emis-
sion from soils. Thinning and harvesting trees man-
agement is accompanied with aboveground environ-
mental change such soil compaction, and slash falling
on the forest floor. These soil surface environmental
changes stimulate N cycling in soils. However, the
considerable uncertainty exists about the effect of
tree logging on N20 fluxes regarding belowground
environmental change by the cutting trees. In this
study, we conducted a tree manipulation experiment
in Japanese Cedar (Cryptomeria japonica) stand
without soil compaction and slash falling near the
chambers and measured N20 flux at 50 cm and 150
cm distances from tree trunk (stump) before and
after cutting. The 5 targeted trees were selected for
cutting treatment and the chambers were placed
around the target trees for 4 directions relative to
slope (upper, lower, right, left). By then, we focused
on the effect of belowground environmental change
on the N20 emissions from soils. And we evaluated
the effect of logging on the emission by using hier-
archical Bayesian model. Our results showed tree

cutting stimulate N20 emission from soils. Then,

the increase of N20 depended on distance from the
trunk (stump), that is, the increase of N20 flux at 50
cm from the trunk (stump) were greater than that of
150 ¢cm from the trunk. The posterior simulation of
the hierarchical Bayesian model indicate the obvious
tree cutting stimulation of N20O emission could reach
within about 200 cm in our experimental plot. By the
cutting tree, the estimated N20 emission at 0-40 cm
from the trunk doubled (the % increase of N20 emis-
sion; 54 % to 213 % ; 95 % C.I) under condition that
that soil temperature was 25C and WEFPS was 60% .
On the basis of our findings, the loss of belowground
interaction between trees and soils by the cutting

trees can considerably stimulate N20 emissions in

brief period.
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Application of Bayesian method for estimating CO, fertilization effect
BH X -RRICZE - BREE

305-8604 FIKIED < IXTHBIE G 3-1-3  MOTATBOE A\ L KBRS AN Z2 it
(*E-mail: sakuraigen@affrc.go.jp)

Abstract

The enhancement of photosynthetic efficiency
predicted to occur under elevated atmospheric car-
bon dioxide concentrations ([CO,]), known as the CO,
fertilization effect, is a key source of uncertainty in
the projections of the effects of climate change on
crop production. Recent results from free-air CO,
enrichment (FACE) experiments, which artificially
raises [COZ] in a specified field area and the in situ
response of plant growth to be measured, indicate
that the actual CO, fertilization effect is lower than
expected from theoretical considerations. However,
the mechanisms responsible for the down regulation
are not well understood, which makes it difficult to
include the down regulation effect in process-based
crop models.

How can we integrate the in situ observation
data into process-based crop growth models? In this
study, we inversely estimated the posterior distribu-
tions of the parameters of a soybean growth model

(SPM-Soybean) together with the parameter related

to the effect of the down regulation using a hier-
archical Bayesian method (using replica exchange
method and model selection by BPIC) by using the
result of an FACE experiment at Illinois (USA) and
predicted future soybean yield using data from Illi-
nois as an example. As a result, the yields simulated
by the model with down-regulation were 20 % to
30 % lower than those in the model without down-
regulation. These results suggest the importance
of integrating the result of FACE experiment in
future prediction. Furthermore, in order to expand
the model to larger scale inference, we re-estimated
the posterior distributions of the parameters of the
model using yield data of soybean during 1980 to
2006 in three major production countries (U.S.A,
China, and Brazil) using DiffeRential Evolution Adap-
tive method, and we estimated past CO, fertilization
effect. We report that the countries obtained quite
large benefit from past CO, increase during 1980 to
2006.
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