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Abstract. In order to estimate biogeophysical effects of his- Betts, 2001; Matthews et al., 2004; Feddema et al., 2005; Shi
torical land cover change on climate during last three cen-et al., 2007).
turies, a set of experiments with a climate system model of Using the National Center for Atmospheric Research
intermediate complexity (MPM-2) is performed. In response (NCAR) climate model CCM1, Bonan et al. (1992) revealed
to historical deforestation, the model simulates a decrease ithat colder winter and summer temperatures in temperate and
annual mean global temperature in the range of 0.07-=@14 high northern latitudes partly resulted from oceanic influ-
based on different grassland albedos. The effect of land coveence. Chase et al. (2000), using NCAR CCM3 with fixed
changes is most pronounced in the middle northern latitudescean mode, found a global temperature warming of @05
with maximum cooling reaching approximately 0® dur- in northern winter. Betts (2001), within numerical experi-
ing northern summer. The cooling reaches 067during ments using the 3rd Hadley Centre Atmospheric General Cir-
northern spring owing to the large effects of land surfaceculation Model (HadAM3), revealed a approximately 2€2
albedo. These results suggest that land cover forcing is imeooler in winter and spring over northern mid-latitude agri-
portant for study on historical climate change and that morecultural regions in comparison with their previously forested
research is necessary in the assessment of land managemstdte, due to deforestation increasing the surface albedo by
options for climate change mitigation. approximately 0.1 during periods of snow cover. Bounoua et
al. (2002), in deforestation experiments with a general cir-
culation model (GCM) coupled to a the Simple Biosphere
Model (SiB2), found that conversion of forest and grassland
to cropland led to a cooling of O°C in summer and 1.9C
in winter in temperate latitudes but a warming of 0Byear
1 Introduction round in the tropics and subtropics. Pitman et al. (2009), us-
ing seven climate models, showed that five models simulated
During the last few centuries, humans have significantlystatistically significant cooling in summer in near-surface
changed the land cover surface, the biogeophysical effectgamperature over regions of land cover change and one simu-
of which are the change in the surface roughness, transpirgated warming. However, while the global cooling effects of
tion and albedo. Previous studies of this effect of historicalpistorical deforestation could be modeled appropriately, the
land cover change have revealed a global averaged coolingeasonal response of climate to historical land cover change
effect, which is the response to modified surface albedo angs |ess certain. Furthermore, most seasonal climate responses
radiative forcing through partitioning of available energy be- g jand cover change have been simulated with atmospheric

tween sensible and latent heat (Bonan, 1997, 1999; Chase gkneral circulation models without interactive ocean models
al., 2000; Pitman and Zhao, 2000; Govindasamy et al., 2001;
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75 v T y - In order to allow long model integrations and simulate
= the response with interactive components in Earth system,
an Earth system model of intermediate complexity (EMIC),
MPM-2 (Wang and Mysak, 2000), is used to study bio-
geophysical effects of historical land cover changes on cli-

g o mate and their seasonal effects based on different grassland
3 el albedo. EMICs give a complete explanation of the Earth sys-
tem, which include almost all components. Although they
B | simplify the courses and details using parameterization mod-
G erately, they embody the feedbacks and interactions among
-or (@) 1 the components in climate system. So EMICs can simulate
78 = —— o T oy — the climate change on a large timescale. EMICs are simpli-

Year AD fied but geographically explicit models capable of simulat-
ing all the main processes discussed above. Computational
efficiency of these models allows for many sensitivity exper-
iments and the investigation of the influence of uncertainty
in climatic forcings and process parameterizations on model
results (Forest et al., 2002). In addition, an updated high-
resolution historical land cover dataset of Klein Goldewijk
(2010, 2011, hereafter the HYDE 3.1 dataset) for the last
three centuries is used to simulate the climate response to
land cover change.

In this paper, MPM-2 is used to investigate the biogeo-
physical effects of historical land cover change on the earth
during the last three centuries based on different grassland
albedos, and particularly to assess the response of the climate
system to the land cover change seasonally.

0
‘g - 2 Model description and experimental design
a
‘6% 310 In this study, the McGill Paleoclimate Model-2 (MPM-2)
0 (Wang and Mysak, 2000; Fanning and Weaver, 1996), an
20 Earth system model of intermediate complexity, is employed.
© As a global climate model, the MPM-2 consists of an en-
n ergy and moisture balance atmosphere model, a multi-basin
1700 1720 1740 1760 1780 1800 1620 1840 1860 1830 1300 1320 1540 1360 1380 zonally averaged dynamic ocean model, a dynamic ice sheet

YearAD model, a zero-layer thermodynamic-dynamic sea-ice model
Fig. 1. Dynamics of climate forcings used in the simulation. and aland biosphere model. The north—south resolutidh is 5
(a) Zonally averaged changes in the cropland and pasture fractioxcept across the equator where it i$.J0PM-2 has been
from year 1700(b) cropland and pasture map in year 1920CO, downscaled to X 5° in or over North America and Eura-
concentration in the atmosphere. sia. The atmospheric module of MPM-2 is represented by
a relatively simple 2-D energy and moisture balance model
(EMBM) (Forest et al., 2002), which has a new parameter-
(Brovkin et al., 2004). However, the climate changes inducedzed solar energy disposition scheme (Wang et al., 2004). The
by land cover changes are affected by feedbacks with sea suocean module is a classic zonally averaged dynamic model
face temperature and sea ice, even thermohaline circulatiohased on vorticity conservation, which has nine vertical lay-
of the ocean. So further studies on historical climate changegrs and a flat bottom (Wright and Stocker, 1991). The MPM-
due to deforestation are still necessary. In addition, Myhre2 employs a simple zero-layer thermodynamic-dynamic sea-
and Myhre (2003) indicate that model results of the effectice model without snow, in which the ice concentration is
of land cover change are highly sensitive to surface albedgredicted using the method of Hibler 11l (1979). In the land
values. Nevertheless, the large spread of temperature resulssirface model, the surface temperature is predicted using the
from previous studies of land cover change highlights theenergy balance equation, while the hydrological cycle is sim-
need for further study on climate sensitivity based on dif- ulated using the classic bucket model (Manabe, 1969). The
ferent surface albedos. ice sheet model in the MPM-2 is the vertically integrated
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Table 1. Simulation acronyms.

Experiment  Simulation Land cover forcing  G@®brcing
ED Historical deforestation (land cover changes) %es No

EC Historical CG changes No Yés
EDC Historical deforestation and G@hanges Yes Yes

aThe land cover changes with HYDE 3.1 data for 1700—1990 are used in simul&tiBosyears 1700-199@;0; is prescribed
to the Law Dome, D47, D57 data and Mauna Loa observations (Fig. 1c).

dynamic part of the 2-D ice sheet model of Marshall and literature (Myhre and Myhre, 2003). In all simulations, ini-
Clarke (1997), in which the ice sheet thickness is predictedial conditions are taken from pre-industrial equilibrium sim-
by an ice mass conservation equation, the ice flow velocityulations using present-day orbital forcing and insolation, ab-
is diagnosed from the ice height, and the bedrock depressiosence of volcanic eruptions. In order to obtain the same ini-
is predicted from an isostatic adjustment mode. The MPM-tial conditions, we integrate our simulations from year 1700
2 was also interactively coupled to the dynamical vegetationto 1990 after a spin-up time of 5300 years to equilibrium.
model of VECODE. This model is based on a continuousThe last 30 years’ results of the simulations are averaged to
bioclimatic classification which provides the relative cover analyze the zonal temperature and albedo change. The final
of trees, grasses and potential deserts for each continent amkperiments are listed in Table 1.
latitude (Brovkin et al., 1997). MPM-2 has successfully sim-
ulated changes in the thermohaline circulation state (Wang
et al., 2002) and the last glacial inception (z. Wang et al.,3 Results
2005). Furthermore, MPM-2 has also well simulated the cli- i ) )
mate changes on a thousand-year scale since the Holocer!l €xperiments resulted in a global cooling due to land
such as temperature, precipitation and vegetation distributioifOVer changes in ED (Table 2). These changes were forced
(Y. Wang et al., 2005). prlmanly by increases in surface albedo, which resulted in
To assess the effects of land cover change on climate? negative radiative forcing. Globally averageq temperature
HYDE 3.1 of Klein Goldewijk (2010, 2011) is used in this changes range from-0.07 to—0.14°C, depending on the
study. HYDE 3.1 is an updated and internally consistentSurface grassland albedo configurations.
combination of historical population estimates and also the AS in Matthews etal. (2003), the model is found to be very
implementation of improved allocation algorithms with time- Sensitive to specified surface albedo values. If grassland albe-
dependent weighting maps for cropland and grassland. Thigos _are_mpreased to 0.20 from the value of 0.18, the global
dataset includes both historical cropland and pasture on §00ling is increased from 0.09 to 0.1@. If grassland albe-
5 x 5 resolution. The HYDE 3.1 data are aggregated todos are decrgasgd to O.16,_the global_ cooling is decreased
the spatial resolution of the model. The dynamics of zon-tO 0.07°C. It is likely that differences in how land cover
ally averaged changes in the cropland and pasture fraction ighange effects are affected by surface albedo configuration
shown in Fig. 1a. The middle-northern latitudes experienced®*Plains in large part the differences that are shown in simu-
rapid cropland and pasture expansion after the year 190dations of land cover_change, WhICh is in line with Myhre and
The cropland and pasture fraction in year 1990 are showdMyhre (2003). The interpretation of land cover change data
in Fig. 1b. can also account for discrepancy in model results. Matthews
Three group transient simulations were performed from®&t &l (2004), for example, simulated a cooling over the last
1700 to 1990 (Table 1). In the ED simulation, the land coverthree centuries in the range 60.06 to—0.22°C. Itis likely

was changed in accordance with the land cover scenariot,hat the difference in the model application of the dataset
while atmospheric C@remained fixed at a concentration and the reasonable surface albedo configuration explain the
of 280 ppmv. In the EC simulation, atmospheric £@as  Minute difference between the results reported here and those

changed while land cover forcing was not involved. In EDC ©f Matthews et al. (2004).

simulation, both land cover and GQuere changed. The In the above simulations, the spread between the sum
trend of CQ in simulations EC and EDC for the period of global temperature changes in ED and EC simulations
1700-1990 is taken from Law Dome, D47, D57 and Mauna@nd the global temperature changes in the EDC simulation
Loa (Etheridge et al., 1998; Stauffer et al., 2002; Keeling and'@nges from 0.04 to 0.0€ (see Table 2). For eﬁample,_wnh
Whorf, 2005), and is shown in Fig. 1c. Last, all simulations the grassland i\lbedo value of 0.16 EBO.47°C, while

are repeated three times with the grassland albedo values &C+ED=0.52°C (Table 2). This indicates a nonlinear ad-
0.16, 0.18 and 0.20. Those albedo values are chosen to reﬁl_lthlty of model forcings at the global scale. The difference

resent the extreme of grassland albedos represented in tHBOStly results from discontinuity presented in the sea ice
changes in the Southern Hemisphere (SH) (Petoukhov et al.,
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Table 2. Changes in annual mean global and NH temperafi@g. (

Y. Wang et al.: Simulation of the influence of historical land cover changes on the global climate

Experiment Tep Tec Tepc (Tep + Tec) — Tebpc
Alb-0.162 —0.07-0.12 0.59/0.64 0.47/0.47 0.05/0.05
Alb-0.18 —0.09/0.15 0.6/0.62 0.45/0.43 0.06/0.04
Alb-0.20 —0.14/~0.22 0.53/0.61 0.35/0.37 0.04/0.02

2The HYDE dataset with grassland albedo set to 0P1Blobal/Northern Hemisphere.
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Fig. 2. Changes in(a) annual mean global temperaturgCy;
(b) outgoing long-wave radiation (QLW) (Wn?); (c) sea ice area
for NH (10f km?), for simulation ED.

2005). Also their mutual offsetting of the two effects could
be responsible for this response as well.

3.1 Transient response of the annual mean global tem-
perature, outgoing long-wave radiation and sea ice
area for NH in the ED simulation

In response to the historical land cover changes, the datas
with different grassland albedos simulate a decline in the an

ing tendency for these simulations is clearly seen in Fig. 2.
Before the year 1900, changes in global temperature are
rather small (less thar0.01°C) and they accelerate after
the year 1900, reaching a maximum in year 1990. The trend
is accounted for the temporal and spatial dynamics of the
land cover changes (Fig. 1a). Before the year 1900, the mag-
nitude of decrease in temperature is the same among dif-
ferent grassland albedos on the whole, while the decrease
with grassland albedo of 0.20 is obviously larger than oth-
ers after the year 1900. This shows that the negative effect of
larger grassland albedo on climate is more prominent when
the temperature decrease is larger. The effects of different
grassland albedos on climate are nonlinear. In response to the
land cover changes, outgoing long-wave radiation (OLWR)
decreases by up to 0.25 Wthin the annual mean with the
grassland albedo value of 0.20 (Fig. 2b). The decrease in out-
going long-wave radiation is less than 0.1 W#rbefore the
year 1900 and then decrease wavily. The general trend of
the outgoing long-wave radiation change is in line with the
global temperature change. The decrease is largely explained
by the surface air temperature reduction.

Due to the greater number of landmasses in the North-
ern Hemisphere (NH) that respond to external climatic forc-
ings (e.g., changes in insolation or gE@oncentration) more
rapidly than does the thermally inert ocean, the response of
the sea ice area for NH is assessed. The NH sea ice area
increases slowly with the temperature decrease before the
year 1860, and increases quickly after the year 1870 with
grassland albedo of 0.16 and 0.20 (Fig. 2c). There is a rapid
reduction from year 1860 and a rise from the year 1920 in NH
seaice area with grassland albedo of 0.18, which results from
the temperature change. As a result of reduction in tempera-
ture, the sea ice cover expands, which leads to the decrease in
absorbing short-wave radiation, and could affect sea surface
temperature and sea ice area, even the thermohaline circu-
lation through nonlinear interactions in the climate system.
The results suggest that the potential influence of land cover
changes could be very large owing to the nonlinear response
of temperature to land cover change, which should be paid
more attention to.

A classic Student’s test is applied to comparable 30yr
g{imatologies at each grid cell, while all grid cells over land
except regions over equator and low latitudes of SH are sta-

nual mean global temperature. Among the simulation, Alb-tistically significant at the 0.05 confidence level in the annual

0.20 shows the strongest cooling. However, the general coo

Ann. Geophys., 31, 9951004 2013

temperature change with grassland albedo of 0.16. When
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Fig. 3. Averaged changes in surface air temperat@yddr different surface albedoga) Grassland albedo of 0.1@)) grassland albedo of
0.18;(c) grassland albedo of 0.20. Only areas where changes are significant at a 95 % confidence using therSasti@ntshown.

changes are statistically significant at this level, it means theduring spring (MAM, Fig. 4b) is distinct but not as signifi-
model-simulated changes are more than twice as large as tt@ant as during JJA (Fig. 4c). The simulation results show a
model’s internal variation (Zhang et al., 2001). The statisti- maximum response of 0.5C with grassland albedo of 0.20
cally significant change over land accounts for the paramearound 50 N. During the northern summer (JJA, Fig. 4c),
terized advection in MPM-2 which leads to universal climate the response to land cover changes is most substantial, with
changes. Even the heat transportation of the ocean is heaviljnaximum cooling reaching approximately 0® with grass-
dependent on parameterization. This statistically significantiand albedo of 0.20 around 508l. The winter shows a maxi-
change over land is in line with some studies. Feddema emum response of about 0.8 with grassland albedo of 0.20
al. (2005) found a statistically significant cooling over most around 40N and 50 N (Fig. 4d). A cooling in the high
of the planet in the traditional difference of the mean test. Thenorthern latitudes is mostly explained by an increase in sea
wide-spread climate change in this paper is different fromice in the northern ocean.
some studies’ large local climate change, which results form The prominent cooling in the northern middle latitudes
the small influence of advection (Pitman et al., 2009). Therelargely accounts for changes in land surface albedo (Fig. 5).
are marked differences in the magnitude of global cooling inAnnually averaged increase in albedo is more than 0.02 over
response to land cover changes based on different grasslafid® N (Fig. 5a). The increase in the surface albedo with
albedos (Fig. 3). The region shows a decrease in annuallgrassland albedo of 0.20 is obviously greater in most re-
averaged temperature with the largest change in the middlgions. The strong increase in the albedo is resulted from the
latitudes over Eurasia. strong deforestation in this region (Fig. 1a). During spring,
the maximum increase in surface albedo is very large and
3.2 Effects of historical land cover changes on zonaland  reaches nearly 0.08 with grassland albedo of 0.20 oveN50
seasonal temperature and albedo (Fig. 5b), which suggests that this surface albedo difference
was the main driver of the significant temperature change

Due to the larger landmass in NH, we highlight the effects of (Fig. 4b) in these regions during this part of the year. The
deforestation on zonal and seasonal temperature and albed@}P€do changes become small during the summer season
in NH. The effect of land cover changes on zonally aver- since the radiative effect due to snow-masking of forest is
aged temperature is shown on Fig. 4. The simulation shows &bsent (Fig. 5c). Historical deforestation results in a land
pronounced maximum cooling of about 045 in the an- albedo increase of less than 0.02 in most regions. This sug-
nual average around S0 with grassland albedo of 0.20. 9ests that the surface albedo change is not the main cause of
The cooling trend is broadly similar with different grass- the marked temperature change (Fig. 4c) in this season. Dur-
land albedos in NH. The temperature reduction to the norting December—February the maximum increase in surface
of the deforested areas is due to changes in SSTs (sea si#lPedo is more than 0.02, which is larger than that of sum-
face temperatures) and sea ice cover. The response in tHger and smaller than that of spring in the northern middle
low latitudes and SH is much less prominent. This is duelatitudes (Fig. 5d). This albedo change has effects on temper-
to the fewer number of landmasses in the SH as comparedture within limits because of the small solar radiation during
to the NH, and the geographical distribution of the forcing. Winter (Fig. 4d).

Similar grassland albedo value differences in the NH are Deforestation causes change in absorbed short-wave radia-

seen for seasonal temperatures (see Fig. 4b—d). The coolirfiPn at the land surface due to the imposed increase in surface

www.ann-geophys.net/31/995/2013/ Ann. Geophys., 31, 99684 2013
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albedo. Deforestation also alters the surface radiative energgreases in sensible heat flux is 0.11 Waover 50 N and
partition between latent and sensible heat fluxes and thus afatent heat flux is maximally reduced by 0.13 Wover
fects the surface moisture and thermal properties. Therefore40° N, which are to a large extent due to the decrease in
analyzing the surface and atmospheric energy budgets wilhet short-wave radiation associated with the albedo increase.
potentially give a more comprehensive understanding of theThese changes are smaller than those in some previous stud-
overall biogeophysical effect of land cover change. The dis-ies. Feddema et al. (2005), using a GCM, find that latent heat
position of energy into sensible and latent heat fluxes is gov{lux decreases by 0.60 WTA and sensible heat flux is re-
erned in part by net radiation, but also by the availability of duced by 0.05Wm? in response to historical human land
water to drive latent heat fluxes. Latent heat fluxes are alsa@over change. The spread can be accounted for by the differ-
dependent on the vegetation type and its efficiency with re-ent model and parameterizations.

spect to transpiration (Bonan, 1999). In the temperate lati-

tudes, land cover conversion causes a decrease in the sen-

sible heat flux and latent heat flux (Fig. 6). There is a sig-

nificant reduction in simulation Alb-0.20. The maximum de-

Ann. Geophys., 31, 9951004 2013 www.ann-geophys.net/31/995/2013/
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3.3 Effects of land cover and CQ forcings on NH tem- (less than—0.1°C), yet they accelerate after the year 1900
perature and integrated precipitation over 45-73 N and reach a maximum value of 0.22 in 1990 with the
grassland albedo of 0.20. These trends are explained by the
To compare the effects of historical land cover change witht€mporal and spatial dynamics of the land cover changes
the effects of C@ increases, we analyze results from the for NH. All simulations show a decrease in integrated pre-
land cover change representation with different grasslandiPitation over 45-75N (Fig. 7b) in response to reduced
albedo values. Due to the larger landmass in the NH, thdree cover; the simulation with the grassland albedo of 0.20
most pronounced land cover change in this are is over a5 presents the strongest reduction in precipitation over 45—
75° N (Fig. 1a); the annual mean temperature for NH and the’9” N during the last few decades. The decrease accelerates

integrated precipitation over 45-7H are estimated. after 1900 and reaches a maximum in the 1990s, which is in
In response to land cover changes only (ED), global tem-2ccord with the change of temperature.
perature decreases by 0.07—C:C4Table 2); simulated tran- N response to C@forcing only (EC), all grassland albe-

sient changes in annual mean temperature for NH (Fig. 7a§l°S demonstrate a similar trend of NH temperature increase.
qualitatively follow those for global temperature while the 'he Spread of the increase among the different grassland
quantitative response of the global (Fig. 2a) is smaller. Beforg?P€dos is small (Fig. 7c). In the EC simulation, the global

the year 1900 decreases in NH temperature are rather smafydrological cycle is enhanced in all grassland albedos and

www.ann-geophys.net/31/995/2013/ Ann. Geophys., 31, 99684 2013
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precipitation over 45—79N with grassland albedo of 0.16 sults of some AGCM simulations, which show an increase in
shows a stronger response than that with the other grasslarslmmer air temperature or a smaller decrease than in win-
albedos (Fig. 7d). ter and spring (Bonan et al., 1992; Betts, 2001). One rea-
In response to the combination of land cover and,CO son can be that most of the AGCMs were conducted with
forcings in simulation EDC, all simulations show a cool- prescribed SSTs, which modified the global response con-
ing before the year 1800 and a warming after the year 190Giderably. Prescribed SSTs neglect the water vapor feedback
(Fig. 7e). The simulations reveal a minimum warming in the over the sea surface and may reverse the sign of zonally av-
1910s associated with the onset of £f0rcing, which be-  eraged temperature changes (Ganopolski et al., 2001). In ad-
gins to offset the deforestation forcing. In the 20th century,dition, Brovkin et al. (1999) found that, within numerical ex-
the CQ-induced warming dominates over the cooling asso-periments using CLIMBER-2, a maximum cooling of 2&
ciated with land cover changes. The same qualitative patteroccurred in the northern temperate and high latitudes dur-
also holds for precipitation over 45-7H (Fig. 7f). ing spring owing to the albedo effect, which differs from
the results in this paper. The spread is largely caused by the
CLIMBER-2 without any flux adjustment between the at-
4 Discussion mospheric and oceanic modules, which influences the feed-
backs among EMICs components and affects the global re-
In the ED simulation, the MPM-2 simulates a cooling of sponse considerably, particularly those components involv-
0.07-0.12C due to land cover biogeophysical effects at theing sea ice and water vapor. However, the atmosphere module
global scale, which is within the range of cooling revealed by here is represented by a simple EMBM in the absence of de-
previous studies (Brovkin et al., 2004; Betts, 2001; Bertrandtailed descriptions about atmospheric circulations and cloud
et al., 2002; Matthews et al., 2004). The spread among thelynamics, so there are still some limitations about rainfall
results in this study and previous estimates are accounteth our simulations. Furthermore, the simulation in our study
for different model parameterizations and the reasonable surdoes not involve cloud feedback, which also affects the cli-
face albedo configuration. In addition, radiative forcing is mate response. Most AGCMs simulate an increase in cloud
a tool that in a simple way can be used to compare dif-cover, which would reduce forcing due to deforestation by
ferent biogeophysical cooling mechanisms. In this paper, alecreasing the effect of changes in surface albedo on net ra-
decrease in radiative forcing in response to historical landdiative fluxes at the top of the atmosphere in response to sur-
cover changes amounts to 0.12 to 0.32 WArfor the periods ~ face cooling. Due to the absence of the cloud feedback, the
1700-1990. This estimate is well within the range-d@f.01  climate response is likely to be underestimated in the simu-
to —0.5Wn12, which is estimated by previous simulations lation.
(Houghton et al., 2001; Myhre and Myhre, 2003; Matthews
et al., 2004; Goosse et al., 2005; Sitch et al., 2005; Pongratz
et al., 2009). The spreads among the different estimates may
be caused by different parameterization of the vegetation in5 Conclusion
fluence on land surface albedo and approaches for radiative
forcings estimation (Brovkin et al., 2006). Human-induced land cover change has potentially important
A global cooling is simulated due to land cover bio- effects on regional and global climate change. As do most
geophysical effects during the last three centuries, whilehistorical land cover change studies, this study shows that
the cooling varies with seasons. The effects of land covedand cover change during the last three centuries has led to a
changes is most pronounced around BQOwith maximum  global cooling. MPM-2 reveals a large spread in biogeophys-
cooling reaching approximately & during summer and ical cooling effects due to grassland changes, and the results
comparing with that during spring (Fig. 4), which is in line are within a range of 0.07-0.2€ at the global scale, forced
with some previous simulations. Bonan (1997), using theby historical land cover changes. Larger grassland albedo
modified CCM2 model with prescribed SST, revealed a sig-leads to more prominent cooling effects. The effect of land
nificant summer cooling of 2C resulted from land cover cover change is most pronounced arountiOwith a max-
changes. The mid-latitude cooling trends are strongly assoimum cooling of 0.45C on global scale due to its obvious
ciated with the summer season due to very significant rereplacement of forest with grassland albedo of 0.20. Much
ductions in net radiation in the mid-latitudes (Feddema etlarger contrasts are found on the seasonal scale, while these
al., 2005). The imposed land cover change led to statistichanges are largely offsetting on the yearly scale. The max-
cally significant cooling in the Northern Hemisphere summerimum cooling reaches approximately 0® around 50N
near-surface temperature over regions of land cover changéuring summer, while the cooling reaches only @67dur-
(Pitman et al., 2009). Bounoua et al. (2002), in deforestationing northern spring owing to the larger increase in land sur-
experiments with a GCM coupled to a SiB2, showed that de-face albedo of 0.08 with grassland albedo of 0.20. These re-
forestation leads to a cooling of O.C in summer. However, sults suggest that selected surface albedo is important in as-
the maximum summer cooling is in contradiction with re- sessing climate change and indicate that land cover changes
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need to be included in regional and seasonal climate change coupling to an ocean general circulation model, J. Geophys Res.,
simulations. 101, 15111-15128, 1996.
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