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ecosystem dynamics across the conterminous USA

T. G. F. Kittel*>%* N. A. Rosenbloom!, J. A. Royle'%, C. Daly?, W. P. Gibson?,
H. H. Fisher!, P. Thornton!, D. N. Yates!, S. Aulenbach!, C. Kaufman', R. McKeown?,
D. Bachelet*, D. S. Schimel!, VEMAP2 Participants*

!National Center for Atmospheric Research, PO Box 3000, Boulder, Colorado 80307, USA
2Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, Colorado 80523, USA
3Spatial Climate Analysis Service and *Department of Bioengineering, Oregon State University, Corvallis, Oregon 97331, USA

Present addresses: *INSTAAR, Campus Box 450, University of Colorado, Boulder, Colorado 80309-0450, USA
SUSDI Fish and Wildlife Service, Laurel, Maryland 20708, USA

. *R. Neilson, J. Lenihan, R. Drapek (USDA Forest Service, Pacific Northwest Research Station, Corvallis, OR, USA); D. S. Ojima,
W. J. Parton (Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, CO, USA}); J. M. Melillo, D. W. Kick-
lighter, H. Tian (Ecosystems Center, Marine Biological Laboratory, Woods Hole, MA, USA); A. D. McGuire (US Geological Sur-
vey, Alaska Cooperative Fish and Wildlife Research Unit, Fairbanks, AK, USA); M. T. Sykes, B. Smith, S. Cowling, T. Hickler
(Physical Geography & Ecosystems Analysis, Lund University, Sweden); I. C. Prentice (Max Planck Institute for Biogeochemistry,
Jena, Germany); S. Running (University of Montana, Missoula, MT, USA); K. A. Hibbard (College of Forestry, Oregon State Uni-
versity, Corvallis, OR, USA); W. M. Post, A. W. King (Oak Ridge National Laboratory, Oak Ridge, TN, USA); T. Smith, B. Rizzo
(Dept. of Environmental Sciences, University of Virginia, Charlottesville, VA, USA); F. I. Woodward (Dept. of Animal and Plant
Sciences, University of Sheffield, UK)

ABSTRACT: Analysis and simulation of biospheric responses to historical forcing require surface cli-
mate data that capture those aspects of climate that control ecological processes, including key spatial
gradients and modes of temporal variability. We developed a multivariate, gridded historical climate
dataset for the conterminous USA as a common input database for the Vegetation/Ecosystem Model-
ing and Analysis Project (VEMARP), a biogeochemical and dynamic vegetation model intercomparison.
The dataset covers the period 1895-1993 on a 0.5 latitude/longitude grid. Climate is represented at
both monthly and daily timesteps. Variables are: precipitation, mininimum and maximum tempera-
ture, total incident solar radiation, daylight-period irradiance, vapor pressure, and daylight-period rel-
ative humidity. The dataset was derived from US Historical Climate Network (HCN)}), cooperative net-
work, and snowpack telemetry (SNOTEL) monthly precipitation and mean minimum and maximum
temperature station data. We employed techniques that rely on geostatistical and physical relation-
ships to create the temporally and spatially complete dataset. We developed a local kriging prediction
model to infill discontinuous and limited-length station records based on spatial autocorrelation struc-
ture of climate anomalies. A spatial interpolation model (PRISM) that accounts for physiographic con-
trols was used to grid the infilled monthly station data. We implemented a stochastic weather genera-
tor (modified WGEN) to disaggregate the gridded monthly series to dailies. Radiation and humidity
variables were estimated from the dailies using a physically-based empirical surface climate model
(MTCLIM3). Derived datasets include a 100 yr model spin-up climate and a historical Palmer Drought
Severity Index (PDSI) dataset. The VEMAP dataset exhibits statistically significant trends in tempera-
ture, precipitation, solar radiation, vapor pressure, and PDSI for US National Assessment regions. The
historical climate and companion datasets are available online at data archive centers.
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1. INTRODUCTION
1.1. Objectives

Modeling biospheric responses to historical climate
change and variability over the 20th century is crucial
for validation of biogeochemistry and vegetation mod-
els against long-term observations and for understand-
ing potential responses of ecosystems to future climate
change. Such simulations require input of spatially
and temporally complete, multivariate surface climate
data that match this purpose (Cramer & Fischer 1996).
These data need to be at a spatial resolution that ade-
quately captures key climatic gradients and of a long
enough record to reflect important modes of temporal
variation. However, even for the conterminous USA—
one of the best instrumented regions of the globe—
such data are difficult to obtain. For example, temper-
ature and precipitation station densities in the western
USA prior to 1940 are insufficient for the interpolation
of observations with confidence while accounting for
physiographic effects such as large lakes and hetero-
geneous topography. Solar radiation and humidity
observations are even more scattered, largely limited
to airport sites with a bias to valley locations in moun-
tainous regions. As a result, sophisticated techniques
must be employed to construct extended time series of
all variables at a sufficient spatial resolution through-
out the domain, in a manner that (1) is consistent with
physiography and vegetation (to the extent that vege-
tation is an expression of climate) and (2) maintains
physical relationships among climate variables.

Our objective was to create a historical ‘bioclimate’
input dataset for the USA for simulation of time-depen-
dent biogeochemical and biogeographical dynamics.
This effort was part of an ecological model inter-
comparison study, the Vegetation/Ecosystem Model-
ing and Analysis Project (VEMAP), Phase 2. The over-
all requirement for the dataset was that it faithfully
represents the 'bioclimate’, i.e. those aspects of climate
that control ecological processes. This goal is shared
by other gridded historical climate datasets for re-
gional to global domains, including Cooter et al. (2000},
Thornton et al. (1997), and New et al. (2000). Specific
requirements for the VEMAP2 dataset were that it
be: (1) Spatially and temporally complete, with wall-
to-wall coverage spanning as much of the historical
period as can be supported by the instrumental record;
(2) temporally realistic, with accurate representation
of climate variability at daily through decadal scales;
(3) spatially realistic, reflecting topographic and other
geographic controls over climate, and resolved suffi-
ciently to capture key regional climate gradients and
spatial patterns of temporal variability; (4) physically
consistent across variables, in particular at the daily

timestep; (5) multivariate, consisting of variables rec-
ognized as controlling ecological processes and com-
monly used as inputs to ecological models; (6) resolved
at monthly and daily timesteps to match model input
requirements, with the same climate represented at
both scales.

1.2. VEMAP and its common input datasets

VEMAP was a multi-institutional, international effort
addressing the response of ecosystem biogeography
and biogeochemistry to variability in climate and other
drivers in both space and time domains. Phase 1
(VEMAP1) compared a suite of biogeochemistry and
biogeography models in their controls and equilibrium
response to changing climate and elevated atmo-
spheric carbon dioxide levels across the conterminous
USA (VEMAP 1995, Schimel et al. 1997, Pan et al.
1998, Yates et al. 2000). Construction of a common
input dataset, the VEMAP1 database, assured that dif-
ferences in the model intercomparison arose only from
differences among model algorithms and their im-
plementation, rather than from differences in inputs
(Kittel et al. 1995, 1996). The VEMAP1 database con-
sists of long-term climatology (both monthly means
and a characteristic daily climate), equilibrium climate
change scenarios, soil properties, and potential natural
vegetation.

Phase 2 (VEMAP2) evaluated time-dependent re-
sponses of a set of biogeochemical models and
dynamic global vegetation models (DGVMs) to histori-
cal and projected transient climate and atmospheric
CO, forcings (Schimel et al. 2000, Gordon et al. 2004).
The biogeochemistry models were TEM (Terrestrial
Ecosystem Model; Tian et al. 1999), Biome-BGC
(Biome-Biogeochemical Cycles Model; Thornton et al.
2002), Century (Parton et al. 1994), and GTEC (Global
Terrestrial Ecosystem Carbon Model; Post et al. 1997),
while the DGVMs were MC1 (MAPSS [Mapped
Atmosphere-Plant-Soil ~ System]-Century  Coupled
Model, Version 1; Daly et al. 2000) and LPJ (Lund-
Potsdam-Jena Model; Sitch et al. 2003).

As in VEMAPI1, a common database provided both
(1) a 'level playing field' for intercomparison of models
and (2) a faithful representation of the domain's
bioclimate, permitting evaluation of historical simula-
tions against observed ecological data—these features
were critical to achieving VEMAP2 goals. In this
paper, we describe the development of the historical
climate dataset for the conterminous USA as a com-
ponent of the VEMAP2 model input database. We also
developed a companion set of future (21st century)
transient climate change scenarios for the same
domain derived from coupled atmosphere-ocean

























































