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IMPACT OF USGS VEGETATION MAP ON GCM SIMULATIONS

OVER THE UNITED STATES

M. J. FENNESSY AND Y. XUE

Center for Ocean—Land-Armmaosphere Studies, 4041 Powder Mill Road, Suite 302, Calverton, Marviand 20705 USA

Abstract. A global atmospheric general circulation model (GCM) coupled with a bio-
sphere model (3SiB, simplified simple biosphere model) was used to study the impact of
vegetation on simulations over the United States during summer. Ensembles of 90-d in-
tegrations were performed from early June initial conditions with different vegetation maps
and different biophysical characteristics. Monthly and seasonal mean differences among
these ensembles were analyzed.

Incorporation of a new SiB vegetation map produced from the latest available data by
the U.S. Geolagical Survey's EROS (Earth Resources Observation Systems) Data Center
has a significant impact on monthly and seasonal simulations of evaporation, surface air
temperature, and precipitation over some regions of the United States. The impact is greater
over the western half of the United States than over the eastern half, where moisture
convergence plays a stronger role in the hydrolagical cycle.

Systematic errors in the model simulations appear to be related to the use of a single
crop vegetation type in SiB (simple biosphere model). Replacing the crops over the United
States with broadleaf deciduous trees reduces the systematic errors. It appears that the
strong seasonality of the SiB crop vegetation type makes it an unsuitable representative
for crops in general. The importance of vegetation specification in monthly and seasonal
predictions is emphasized.

Key words: atmospheric general circulation model; biosphere modeling; General Circulation

Model (GCM) systematic errors; monthly and seasonal precipitation; Simple Biasphere Model (SiB)
vegetarion map; U.S5. Geological Survey vegetation map; vegetation impact; vegeration paramerers.

INTRODUCTION

Coupled biosphere-atmaspbere maodeling, which be-
gan during the 1980s, consists of coupling a sophis-
ticated land surface—atmospheric interaction model to
a multilayer atmospheric maodel, usually a general cir-
culation model (GCM). The development of these con-
pled models was motivated by improvements in the
parameterizations in both land surface process schemes
and GCMs, the increasing spatial resolution of GCMs,
and the needs of global climate change research. The
need for such coupled models was demonstrated by a
wide variety of GCM sensitivity studies, which showed
the importance of land surface properties in controlling
water and energy exchanges at the land surface. These
sensitivity studies generally investigated the response
of the simulated atmosphere to one of the key surface
properties, most prominently albedo (e.g., Charney et
al. 1977, Sud and Fennessy 1982), soil wetness (e.g.,
Walker and Rowntree 1977, Shukla and Mintz 1982)
and surface roughness (e.g., Sud and Smith 1985). For
a review of these studies see Mintz (1984). While these
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studies clearly showed the importance of these indi-
vidual land surface properties, they also revealed the
inconsistencies inherent in independently altering just
one of the important surface properties, which are
linked together and moderated by vegetation (Sellers
et al. 1986).

Two of the most prominent land surface—atmosphere
interaction models are the biosphere-atmosphere—~
transfer scheme (BATS; Dickinson et al. 1986) and the
simple biosphere model (SiB; Sellers et al. 1986). Us-
ing these models coupled to GCMs, studies have been
conducted on Amazonian deforestation and Sahel de-
sertification (Dickinson and Henderson-Sellers 1988,
Xue and Shukla 1993).

SiB is a biophysically based madel of land surface—
atmosphere interactions. It is intended ta realistically
simulate the biospheric processes that control surface
fluxes of importance to regional and global climate
studies. SiB attempts to provide an accurate description
of the diurnally varying surface flux components and
radiation transfers at the surface. It accounts for veg-
etation effects such as precipitation—interception loss
and the soil and plant resistances to evapotranspiration,
sensible heat flux, and momentum flux. In this study,
a simplified version of SiB {SSiB; Xue et al. 1991)
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TABLE 1.
depth (TSD), and surface roughness (Z,).
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U.S. region SiB vegetation types, vegetation cover fraction (VC), leaf area index (LAI), albedo (ALB), total soil

Num- TSD Zy
her SiB vegetation type vC LATf ALBt (m) {m)
2 broadleaf deciduous trees 0.75 511 0.13 3.50 1.04
3 broadleaf and needleleaf trees 0.75 6.36 a.11 3.50 0.56
4 needleleaf evergreen trees 0.73 7.87 Q.10 3.50 1.07
7 grassland 0.90 3.80 0.20 .49 0.08
] broadleaf shrubs with perennial ground cover 0.10 0.44 0.20 1.49 0.22
9 broadleaf shrubs with bare soil 0.10 .21 .30 L.49 0.06
11 bare soil 0.00 0.00 0.32 0.49 0.01
12 winter wheat and broadleaf deciduous treest 0.32 1.37 .13 1.49 0.49

t Three-month mean values.
1 Average over 30° N to 50° N.

coupled to the Center for (cean-Land-Atmosphere
Studies (COLA) GCM was used in numerical experi-
ments.

For a coupled biosphere-GCM model, it is critical
to have information regarding the characteristics and
spatial distribution of the Earth’s vegetation cover. The
First International Conference/Workshop on Integrat-
ing Geographic Information Systems (GIS) and Envi-
ronmental Modeling successfully brought together sci-
entists from a broad range of environmental modeling
specialties, as well as persons involved in developing
or using geopracessing technologies {Goodchild et al.
1993). One of the goals of the conference was to convey
the global climate modeling requirements to the data
and geoprocessing community. A number of models,
including SiB (Xue and Sellers 1993), were introduced
at the conference. Following the conference, a vege-
tation map, which consists of the 12 SiB vegetation
types over the conterminous U.S., was produced by the
Earth Resources Observation Systems (EROS) Data
Center, U.S8. Geological Survey (USGS). We will refer
to it as the USGS SiB map in this paper. The USGS
SiB map is based on the land cover characteristics da-
tabase for the conterminous U.S. (Loveland et al.
1991), which has =100 vegetation types and a hori-
zontal resolution of | km.

SiB vegetation types include tall vegetation, short
vegetation, arable crops, and desert (Dorman and Sel-
lers 1989). A summary of some of the key parameters
for the SiB vegetation types that occur in the conter-
minous U.S. is given in Table 1. In the GCM, every
grid point is assigned one vegetation type. For previous
experiments, the main sources for the distribution of
the world vegetation types were the physiognomic clas-
sification of Kuchler (1983) and the land use database
of Matthews (1984), which were used to form the orig-
inal SiB vegetation map, hereafter referred to as the
OLD SiB map. It has been found that there are a number
of places where Kuchler’s classifications (and thus the
OLD SiB map) differ from the current land surface
conditions. We compare the differences between the
USGS 8iB map and the OLD SiB map in this paper
and use both in numerical experiments designed to test

the impact of the vegetation map on seasonal simula-
tions. The results of these experiments revealed model
systematic errors, which appeared to be correlated with
the local SiB vegetation type. Further experiments were
done to investigate this possibility.

METHODS
Model deseription

Atmospheric general circulation model—An atmo-
spheric general circulation model {GCM) simulates the
three-dimensional evolution of the atmosphere by com-
putationally solving the equations that govern the dy-
namics and physics of the atmosphere. In a spectral
GCM such as the COLA GCM, the prognostic com-
putations are done in the spectral domain and the phys-
ical processes are computed on a grid (=1.8° latitude
X 2.8° longitude).

The COLA GCM is based on a modified version of
the National Meteorological Center glabal spectral
model with rhomboidal truncation at zonal wave num-
ber 40 (Sela 1980, Kinter et al. 1988, Fennessy et al.
1994). The model is separated into 18 vertical layers.
The parameterizations for physical processes include:
(1) an efficient radiation scheme, which resalves the
diurnal cycle and includes terrestrial radiative heating
{Harshvardhan et al. 1987), and solar radiative heating
{Lacis and Hansen 1974, madified by Davies 1982);
an interactive cloud scheme, which is similar to the
one developed by Slingo [1987], was incorporated into
the GCM for the radiation calculations [Hou 1990]; ¢(2)
the level 2.0 second-order turbulence closure scheme
of Mellor and Yamada {1982) for subgrid-scale ex-
changes of heat, momenturm, and maoisture; (3} a mod-
ified Kuo scheme for convection (Kuo 1965, Anthes
1971, shallow convection (Tiedke 1984), and large-
scale condensation; (4) a gravity-wave drag parame-
terization, which follows that of Alpert et al. (1988).

Simplified SiB model (§5iB}).—The $5iB model (Xue
et al. 1991) is used to model the surface layer in the
COLA GCM. SSiB has three soil layers and one canopy
layer, and eight prognostic variables: soil wetness in
the three soil layers; temperature at the canopy, ground
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surface, and deep soil layers; water stored on the can-
opy; and snow stored on the ground. A schematic di-
agram of SSiB is shown in Fig. L.

The vegetation—soil layer affects the radiative trans-
fer at the surface, the surface energy partition into sen-
sible heat flux and latent heat flux, and the momentum
flux. A biosphere model attempts to describe the bio-
physical controls on these exchanges by modeling the
vegetation itself so that the exchange processes are
mutually consistent. There are three major parts in
8%iB: calculations of radiative transfer at the surface,
stomatal resistances, and aerodynamic resistances.

In the radiative transfer parameterization, the optical
and geometric properties of the leaves and stems and
the optical properties of the soil are considered to cal-
culate the surface albedo and the alteration of photo-
synthetically active radiation (PAR) down through the
canopy. Since the variation of the albedo with these
variables is quite regular, a quadratic equation is used
to calculate the albedo diurnal variation. The coeffi-
cients of the quadratic equation depend on the vege-
tation type. For a specific vegetation type the albeda

is also a function of the solar zenith angle and snow

caver.

The resistance to the transfer of water vapor from
the canopy and upper soil layer to the adjacent exterior
air includes canopy resistance, r., and soil surface re-
sistance, »,,. The results of Camilo and Gurney (1986)

Feokygical Applications
Vol 7, No. |

FiG. 1. Schematic diagram of simplified SiB
($8iB}. The transfer pathways for latent and
sensible heat flux are shown on the left- and
right-hand sides of the diagram, respectively. 7,
is the air temperature at reference heighe, T, the
canopy temperature, T, the air temperature with-
in the canopy space, T,, the ground surface tem-
perature, r, the acrodynamic resistance hetween
canapy air space and reference height, r, the
bulk boundary layer resistance, r, the bulk sto-
matal resistance, r, aerodynamic resistance be-
tween canopy air space and ground, and r,,, the
bate soil surface resistance. H, and H,, are the
sensible heat flux from canopy and ground, re-
spectively; E. and E,, are the latent heat fluxes
from canopy and ground, respectively; ¢, and e,
are the water vapor pressures at the reference
height and the canopy air space, respectively;
e.(T) is the saturation water vapor pressure at
temperature T f, is relative humidity within the
pore space of surface soil layer; and A is the
latent heat of evaperation.

were used to curve-fit a simple relationship between
soil surface resistance and wetness of the upper 3.5 cm
of the soil. The parameterization of the stomatal resis-
tance in SiB was based on the work of Jarvis (1976).
An analytic solution for the bulk stomatal resistance
was introduced by Sellers (1985). Three stress terms
are included in this scheme, which describes the de-
pendence on the atmospheric temperature, the leaf wa-
ter potential, and the vapor pressure deficit. An em-
pirical equation between the soil moisture and the ad-
justment factor of the stomatal resistances was devel-
oped by Xue et al. (1991).

There are three aerodynamic resistances in SiB: the
resistance between the soil surface and the canopy air
space, #y; the resistance between the canopy and the
canopy air space, r,; and the resistance between the
canopy air space and the reference height, r, (Fig. 1).
Eddy diffusion was used to calculate all three resis-
tances. The eddy fluxes were assumed to be constant
belaw and above the canopy; within the canopy K the-
ory was applied. The parameterization of the resistance
between the reference height and top of canopy was
based upon the equations of Paulson (1970) and Bu-
singer et al. (1971). Since the full set of equations were
toa time-consuming to apply directly in a GCM, a lin-
ear relationship between the Richardson number and
aerodynamic resistance was developed (Xue et al.
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PLATE 1.
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Vegetation types for (a) OLD SiB vegetation map and (b} USGS SiB Vegetation map. Types are: 2—broadleaf

deciduous trees, 3—broadleaf and needleleaf trees, 4—needleleaf evergreen trees, 7—grassland, 8—broadleaf shrubs with
perennial graund cover, 9—broadleaf shrubs with bare soil, [1—bare soil, I2—winter wheat and broadleaf deciduous trees.

1991). The linear equations were able to reproduce the
results from the full set of equations satisfactorily.
Vegetation map.—SiB uses a data set that describes
each vegetation type's soil and vegetation character-
istics in some detail. For each GCM gaussian grid box
{(=1.8° latitude X 2.8° longitde), the dominant veg-
etation type is specified from among the 12 SiB veg-
etation types in the 1° X 1° SiB vegetation map. Here
we show the SiB vegetation maps on the GCM gaussian

erid, which are used during the integrations. The QLD
SiB vegetation map for the United States and contig-
uouls area is shown in Plate la and the USGS SiB
vegatation map is shown in Plate 1b. Values of some
key parameters for the vegetation types occurring in
the conterminous U.S, are shown in Table 1. In order
to emphasize the differences berween the OLI SiB map
and the USGS SiB map, for grid baxes where the veg-
etation type differs between the twa, the old types are
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Frg. 2. USGS SiB map minus OLD SiB map ensemble
difference in evaporation for {a) June, (b} July, {c} August,
and (d) ITA (JTune-Tuly-August mean). Contours show dif-
ferences in mm/d. Dashed contours are negative. Areas with
statistically significant differences are denoted by shading.

shown in Plate 2a and the new types are shown in Plate
2h.

In the USGS $iB map (Fig. 2b), the crop area (type
12) is substantially reduced (Fig. 3a) relative to that in
the OLD SiB map (Fig. 2a). The crops were replaced
by broadleaf deciduous trees (type 2) and needleleaf
evergreen trees (type 4) in the eastern 1U.S., and re-
placed by grass (type 7} in the northern Rocky Moun-

Ecalagrical Applications
Vol. 7. No. 1

40N4

30N 1

LA
100

1700 110W

30N 4

1200 110W  100W  90W

40N 1

30 4

50N 1

4004

JOH A

120W  T10% 100w 90w Aadw 70w

Fig. 3. USGS S5iB map minus OLD 3iB map ensembie
difference in surface air temperature for (a) June, (h) July,
{c) August, and (d) JTA {June-July-August mean). Contours
shaw differences in °C. Dashed contours are negative. Areas
with statistically significant differences are denoted by shad-
ing.

tains area (Plate 2b). To the west of the Rocky Moun-
tains, needleleaf evergreen trees (type 4) in the OLD
5iB map were replaced by shrubs with ground cover
(type 8). In northern California and southern Qregon
shrubs with ground cover (type 8) were replaced with
needleleaf evergreen trees (type 4). The southern Ne-
vada desert is appropriately characterized as bare soil
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(type 11) in the USGS SiB map instead of as shrubs
(type 9) in the OLD SiB map.

Experimental design

Twa sets of nwmerical experiments were conducted.
In the first set of experiments, the impact of the USGS
$iB vegetation map on the model simulations was test-
ed. The COLA GCM was integrated for 90 d from three
different atmospheric conditions observed in early June
using the OLD SiB vegetation map. These three inte-
grations were then repeated identically, except that the
USGS SiB map was used instead of the OLD SiB map.
The difference between a given OLD SiB map inte-
gration and the corresponding USGS SiB map integra-
tion will consist of the signal forced by the vegetation
map difference and noise related to the internal vari-
ability inherent in the GCM simulations. Three pairs
of integrations were done to help distinguish the veg-
etation map signal from this noise. The consistent sig-
nal among three individual difference fields is reflected
by a r test statistic, which is computed from the six
individual integrations. This consistent signal is as-
sumed to be forced by the vegetation map difference.
Implicit in this assumption is the assumption that any
model “climate drift™ is common to both the control
(OLD SiB map) and anomaly (JSGS SiB map) inte-
grations, and will therefore not impact the signal in the
anomaly minus control difference.

The dates of the observed atmospheric initial con-
ditions used were 1 June 1987, 1 June 1988, and 1 June
1993. Among the three cases, 1988 was a very dry year
in the U.S., 1993 was a very wet year, and 1987 was
relatively normal. As the USGS SiB map covers only
the conterminous United States (hereafter, U.S.), out-
side this region the QLD SiB map is used in all the
integrations. Observed sea surface temperature (Reyn-
olds 1988) was used in all the integrations. The dif-
ferences between the three integrations done with the
OLD SiB map and the three integrations done with the
USGS SiB map were analyzed to determine the impact
of the vegetation map differences.

The results from the first experiment revealed that
there were systematic errors in the simulated surface
temperature and precipitation over the U.S., which
mainly occurred over the area assigned the SiB crop
vegetation type {type 12). In SiB all crop areas are
represented with the phenological, biophysical, and
crop calendar characteristics of winter wheat, mixed
with 8% broadleaf deciduous trees. It is possible that
the application of these unique winter wheat charac-
teristics to all crop areas in SiB constitutes a misrep-
resentation of sufficient enough magnitude to produce
or contribute to the systematic errors found in the first
experiment. However, it is also possible that the sys-
tematic errors are merely coincidental with the crop
area, and are unrelated to the local vegetation speci-
fication. Therefare, to investigate whether the use of
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the SiB crop vegetation type is related to these system-
atic errors, an additional ensemble of three integrations
was done in which the crops in the USGS SiB vege-
tation map were replaced by broadleaf deciduous trees
(type 2). The differences between these three integra-
tions (hereafter TREE integrations), and the three in-
tegrations done with the USGS SiB map, are analyzed
to determine the impact of replacing the 8iB crop veg-
etation type over the U.S. with the SiB broadleaf de-
ciduous tree vegetation type.

RESULTS AND DISCUSSION
Impact of USGS SiB vegetation map

The differences between the three OLD SiB vege-
tation map integrations and the three USGS SiB map
integrations are analyzed to determine the impact of
the vegetation map on the monthly and seasonal sim-
ulations. The only difference between the two sets of
integrations is in the vegetation map used, which is
different only over the conterminous U.S. In a glabal
atmospheric GCM, which includes the chaatic nonlin-
ear dynamics inherent in the atmosphere, it is possible
that forcing from remote regions not directly related to
the U.S. vegetation map may have an impact on the
UJ.S. region. It is also possible that remote teleconnec-
tions (signals) could be farced by the U.5. vegetation
map differences. We have examined the differences
between these two sets (OLD SiB map, USGS SiB map)
of integrations avet the globe, and did not find any
consistent remote patterns suggestive of either tele-
connections or of remote forcing impacting upon the
conterminous U.S. region. Thus, the analysis presented
here will focus on the local response to the vegetation
map differences over the U.S. Furthermore, the analysis
will focus on the important simulated fields most af-
fected, namely the evaporation, surface air temperature,
and precipitation.

We have examined the monthly and seasonal mean
differences between the OLD 8iB map integrations and
the USGS SiB map integrations for each of the years
(1987, 1988, and 1993), and have found very consistent
signals among them. For the sake of brevity, we will
show only ensemble differences averaged over the 3
yr. However, the signals we will discuss are local to
the forcing (regions of vegetation map differences), and
occurred in each of the 3 yr. On the ensemble difference
maps we will denote the regions where this signal was
deemed significant by a ¢ test, which in these experi-
ments reflects very well the regions where a consistent
signal occurred in the difference maps for the individ-
ual years. The ¢ test in each case was calculated from
the same six individual means (three control, three
anomaly) used to form the ensemble difference pre-
sented.

The USGS SiB map minus the OLD S§iB map en-
semble mean difference in evaporation is shown for
June, July, August, and the 3-mo June-Tuly-August



28 INVITED FEATURE

mean (JJA) in Fig. 2a—d, respectively. The shaded areas
in Fig. 2 and the remaining figures denate where the
ensemble mean difference was significant at the 95%
confidence level, as determined by a ¢ test. Two regions
have significant differences in evaporation in each of
the 3 mo as well as in the seasonal mean. Positive
evaporation differences of 0.5-1 mm/d occur in the
northwestern 1.8, in the vicinity where evergreen trees
(type 4) in the USGS SiB map replaced shrubs with
ground cover (type 8) in the OLD SiB map (Plate 2a,
b). Negative evaporation differences of 0.5-1 mm/d
occur in the midwestern U.S. where crops (type 12) in
the OLD SiB map were replaced by ground cover {type
71, and evergreen trees (type 4) in the OLD SiB map
were replaced by shrubs with ground cover (type 8).
These areas of significant differences are consistent
with the local vegetation changes, with increased (de-
creased) evaporation correspending to areas with in-
creased {decreased) vegetation caver, leaf area index,
tatal soil depth, and surface roughness (Table 1).

The USGS SiB map minus the OLD SiB map en-
semble difference in surface air temperature for June,
July, August, and ITA is shown in Fig. 3a~d, respec-
tively. Significant negative (positive) surface temper-
ature differences occur over the previously noted
regions of significant positive (negative) evaporation
differences in northwestern (midwestern) U.S., as
might be expected from surface energy balance con-
siderations. In addition, a region of marginally signif-
icant negative surface temperature differences occurs
aver the southeastern U.8., in the vicinity where crops
(type 12) were replaced by trees (types 2 and 4).

The USGS SiB map minus OLD SiB map ensemble
difference in precipitation for June, July, August, and
IJA is shown in Fig. 4a—d, respectively. The precipi-
tation differences are in general more variable from
month to month and less statistically significant than
either the evaporation or surface temperature differ-
ences. However, persistent positive precipitation dif-
ferences occur over the region of positive evaporation
and negative surface temperature differences in the
northwest; and persistent negative precipitation differ-
ences occur aver the region of negative evaporation
and positive surface temperature differences in the mid-
west, Both of these precipitation differences are more
significant in the JJA seasonal mean than in the monthly
means. The negative precipitation difference over the
midwest extends to the east of the midwestern negative
evaporation difference in both the monthly and sea-
sonal means (Fig. 2a—d). The precipitation reduction
aver the eastern U.S. is consistent with the significant
reduction in the vertically averaged moisture flux con-
vergence, which occurred over this area in the USGS
5iB map ensemble {not shown).

In contrast to the simulated differences aver the
western half of the country, it is somewhat surprising
that mare coherent differences did not ocenr over the
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eastern U.S. where much of the crop vegetation type
in the QLD SiB map was replaced by wees in the USGS
SiB map. Differences did occur between the individunal
pairs of the ensemble, but they were of relatively small
magnitude and were highly variable from pair to pair.
The significant evaporation differences that occurred
over the western half of the U.S. did not occur over
the eastern half. This is due to the strong zonal gradient
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PLATE 2. Vegetation types for model grid boxes where OLD SiB vegetation map and USGS SiP vegetation map differ
for {a) OLD 5iB vegetation map and (b) USGS SiB vegetation map. Types are as in Fig. 2.

of the mean soil wetness field (nor shown). The model
is initialized with a climatological soil wetness field,
which is at or near saturated values across the eastern
U.8. on 1 June. Furthermore, although the soil wetness
15 pragnostic, the eastern U.S. remains near saturated
values for most of the summer integrations. Under sat-
urated or near saturated conditions, the vegetation jm-
pact is less important.

In the western and midwestern U.S., the vegetation
differences lead to evaporation differences that are re-

lated to the surface temperature differences (through
the surface energy balance} and the precipitation dif-
ferences (through the atmospheric moisture budget).
Thus, in this region increasing {decreasing) the vege-
tation cover fraction, leaf area index, soil depth, and
surface roughness leads to increased (decreased) evap-
oration and precipitation, and decreased (increased)
surface air temperature.

No significant differences between the two ensem-
bles occurred in the upper level circulation fields over
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the U.S. or other regions of the glebe. This supports
our contention that the differences noted above are lo-
cally forced by the vegetation map differences and are
not due to remote teleconnections, which are believed
to accur at upper levels of the atmosphere. It also sug-
gests that remote teleconnections are not being forced
by the U.S. vegetation map differences.

Impact of replacing crops with trees

As discussed in Methods: Experimental design, anal-
ysis of the results of the first experiment led to the
question of whether the use of the SiB crop vegetation
type was related to model systematic ercors over a pat-
tion of the conterminous U.S. Thus, an experiment was
dane to determine the impact of replacing SiB crops
(type 12} in the USGS S8iB map with SiB broadleaf
deciduous trees (type 2), which normally comprise 8%
of the area of a grid box with SiB vegetation type 12.
This experiment was motivated by the similarity of the
spatial extent of some of the model summer systematic
errars and the extent of the SiB crop vegetation type
over the U.S. The large area of type 12 vegetation
covering mich of the central and eastern U.S. in the
USGS SiB map (Fig. 2b) is similar in extent to the
region of positive surface temperature errors and neg-
ative precipitation errars in the USGS §iB map ensem-
ble, shown in Fig. 5a and b, respectively. Errors of
similar spatial extent and magnitude have occurred in
other boreal summer ensembles done with the COLA
GCM using the OLD SiB vegetation map, in which the
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spatial extent of vegetation type 12 was even larger
{not shown)}. If the model systematic errors are related
to the use of the 8iB crop vegetation type, it may be
that the parameters used for the SiB crop vegetation
type may need to be revised, or that multiple crop veg-
etation types are required to accurarely moedel the va-
riety of crops found in the conterminous U.S.

The errors shown in Fig. 5 were formed by subtract-
ing the JTA mean observations calculated from the Na-
tional Metearalagical Center (NMC), Climate Analysis
Center (CAC), Climate Anomaly Monitoring System
station data archive (CAMS, Ropelewski et al. 1985)
from the JJA mean of the previously discussed USGS
SiB map ensemble. The surface temperatute errors in-
clude a correction for the difference in elevation be-
tween the model grid boxes and the observing stations.
The observing stations tend to be situated in valleys,
which are generally at a lower elevation than the mean
elevation over a model grid box, which is used by the
GCM. Ta account for this difference a lapse rate of
6.5°C/km was used to correct the GCM surface air tem-
petature for the difference between the grid box ele-
vation and the mean elevation of the observing stations
used to calculate the error for that grid box.

An ensemble of integrations from the same three
initial conditions previously used was done using the
USGS SiB map with all the SiB vegetation type 12
points over the U.S, (Plate 1b) replaced with SiB veg-
etation type 2. Otherwise, the integrations in the en-
semble were carried out in identical fashion to those
in the USGS SiB map ensemble previously discussed.
The new ensemble will hereafter be referred to as the
TREE ensemble.

The TREE minus USGS SiB map ensemble differ-
ence in evaporation for June, July, August, and JIA is
shown in Fig. 6a—d, respectively. A significant and
large {1-2 mm/d) positive evaporation difference oc-
curs over the central and eastern U.S. during July and
August, and significant, though lesser positive differ-
ences occur during June and JJA. These evaporation
differences are centered over the region of crop veg-
etation type in the USGS SiB map (Plate 1b). It is
important to note that this region is west of the region
where trees replaced crops in the experiment described
in the last section (USGS vs. OLD SiB map). This is
important because of the strong zonal gradient of the
mean soil wetness, and the larger impact of vegetation
anomalies in less than saturated conditions (here), as
opposed to saturated conditions (farther east in pre-
vious experiment).

The TREE minus USGS SiB map ensemble differ-
ence in surface air temperature for June, July, August,
and JTA is shown in Fig. 7a-d, respectively. An area
of significant, large negative surface temperature dif-
ferences (up to 6°C) closely corresponds in both mag-
nitude and extent to the area of positive evaporation
differences nated above. The large region of negative



February 1997

SON A

AON A

30N A

BON %, .
08

-
g

40N 1

3ON st
52

50N A

40N A

J0N 1

50N 1

40N 1

1200 110w  (cQW  90W  8OW  70W
Fig. 6. TREE SiB map minus USGS SiB map ensemble
difference in evaporation for (a) June, (b} Tuly, {c) August,
and (d) JTA (June-July-August mean). Contours show dif-
ferences in mm/d. Dashed contours are negative. Areas with

statistically significant differences are denoted by shading.

differences of up to 3°C over the central U.S. in the
JJA mean (Fig. 9d) is well situated to correct much of
the model surface temperature error in the U.S. region
(Fig. 5a).

The TREE minus USGS SiB map ensemble differ-
ence in precipitation for June, July, August, and JJA
is shown in Fig. 8a-d, respectively. Again the precip-
itation differences display more month-to-month vari-

1
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ability and less significance than either the evaporation
or surface temperature differences. However there is a
persistent positive precipitation difference aver the
central and eastern U.S., which is coincident and con-
sistent with the evaporation and surface temperature
differences. The JJTA mean positive 0.9~1 mm/d dif-
ference over the central U.S. and negative 0.5 mm/d
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difference over the northwestern U.S. (Fig. 8d) would
bath contribute to reducing the model JTA mean pre-
cipitation errors (Fig. 5h).

Because the negative surface temperature differences
and positive precipitation differences over the central
U.S. (Figs. 7d and 8d) are negatively correlated with
the model systematic errors (Fig. 5a, b), it is possible
that the model systematic errors in this region are in-
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deed related to the SiB crop vegetation type. As the
[atest available data have been used to determine the
areal extent of the vegetation types in the USGS SiB
vegetation map, it is likely that the model errors are
related to the parameters used to specify the crop veg-
ctation type, rather than to the use of an incorrect veg-
etation map. There is a strong seasonality {time vari-
ation due to the seasonal cycle) in the parameters used
to describe the SiB crop vegetation type. This season-
ality is designed to represent the different stages in the
growth cycle of the crops. The values of these param-
cters were derived from field data obtained from sites
with winter wheat (Dorman and Sellers 1989). Recent
rescarch has indicated that the seasonality in these pa-
rameters is inappropriate for application to all conter-
minous U.S. summertime crops (Xue et al. 1996). The
seasonality of the natural deciduous tree vegetation
substitnted for the crops in this experiment is much
weaker, and may be mare appropriate. This seasonality
18 both different and considerably weaker than that of
the crop vegetation type.

CONCLUSIONS

The COLA GCM, which is a global atmaspheric
model coupled to the SSiB model, has been used to
test the sensitivity of boreal summer simulations over
the U.S. to the vegetation prescribed. A new SiB veg-
etation map for the U.S. based on 1990 satellite and
surface observations has been created by USGS. Sig-
nificant differences in both monthly and seasonal sim-
ulations of evaporation, surface air temperature, and
precipitation were obtained when the new USGS SiB
vegetation map was used.

The COLA GCM boreal summer simulations over
the U.S. contain systematic errors in the surface tem-
perature and precipitation fields, which appear related
to the SiB crop vegetation type. These errors are likely
related to the use of vegetation parameters in the SiB
crop vegetation type, which include seasonality, which
is inappropriate for application to all U.S. summertime
craps. To correctly specify the vegetation parameters
and their seasanality a thorough analysis of the appro-
priate field data is required. This is a subject of further
research by the authors.

Although the importance of specific vegetation pa-
rameters may be model dependent, the results of the
experiments presented here underlie the importance of
correctly specifying the correct vegetation types and
the correct vegetation parameters for monthly and sea-
sonal predictions over the U.S.
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