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• The world’s forests influence climate through physical, chemical, and 
biological processes that affect planetary energetics, the hydrologic 
cycle, and atmospheric composition. 

• These complex and nonlinear forest-atmosphere interactions can 
dampen or amplify anthropogenic climate change.

• Tropical, temperate, and boreal reforestation and afforestation 
attenuate global warming through carbon sequestration. 
Biogeophysical feedbacks can enhance or diminish this negative 
climate forcing. 

• Tropical forests mitigate warming through evaporative cooling, but the 
low albedo of boreal forests is a positive climate forcing. The 
evaporative effect of temperate forests is unclear. The net climate 
forcing from these and other processes is not known. 

• Forests are under tremendous pressure from global change. 
Interdisciplinary science that integrates knowledge of the many 
interacting climate services of forests with the impacts of global 
change is necessary to identify and understand as yet unexplored 
feedbacks in the Earth system and the potential of forests to mitigate 
climate change 
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رات موجب تاثيو زيستي فيزيكي، شيميايي طريق فرآيندهاي از جهان  جنگل هاي•
ير تاث آب و هوامي شوند كه به نوبه خود بر  تركيب اتمسفرو چرخه آب ، سياره اي

ا تقويت باعث كاهش ي مي تواندنيز اتمسفر  -جنگل اثرات متقابل مجموعه . مي گذارند
.شود انسان محورتغييرات آب و هوايي 

عيف گرم يا قطبي منجر به تضو در هر يك از مناطق اقليمي  استوايي، معتدل  جنگلكاري•
).  بازخورد منفي( مي شودكربن  ترسيباز راه شدن جهاني هواي كره زمين 

.  كندضعيف منفي را افزايش داده يا تاثر اين  مي تواندمثبت  بيوژئوفيزيكي بازخوردهاي•
).بازخورد منفي(دارند  تبخيري خنك كنندگياستوايي نقش  جنگل هاي•
اثر ) ميزان پرتو بازتابش شده از زمين( آلبدوجنگل هاي قطبي به خاطر كاهش دادن •

.دارند) مثبتبازخورد ( كنندگيگرم 
و ساير  تعرق تبخيروكه آيا مشخص نيست . بر دما واضح نيستمعتدل  جنگل هاياثر •

تحت  اجنگل ه. خالص هستند يا خيرخنك كننده آب و هوايي در اين جنگلها  فرايندهاي
.  اقليمي هستندعظيم ناشي از تغييرات تأثير فشار 

ي اثرگذار بر بين پارامترهاي مختلف اقليم اندركنشنياز به دانش بين رشته اي داريم تا •
مين و نشده در سيستم زدر آن صورت شناخت گوشه هاي كشف . جنگل شناخته شود

تغييرات اقليمي راحت تر خواهد بودبراي كاهش  جنگل هاپتانسيل 
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 ٤٢مساحت جنگل ها بالاي •
 ٣٠ حدود(ميليون كيلومتر مربع 

)  درصد مساحت سطح زمين
.است

:جنگل كاركردهايبرخي از •
بات با جو اثرات اقليمي از طريق تبادل انرژي، آب، دي اكسيد كربن و ساير تركي•

زمين
پناهگاه حيات وحش و عامل مهم تنوع زيستي•
)مانند چوب(تأمين غذا، گياهان دارويي و محصولات جنگلي •
تنظيم چرخه هيدرولوژي•
حفاظت از خاك•
استفاده تفريحي و تأمين نيازهاي روحي انسان•
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:جنگل كاركردهايبرخي از •
)شكل سمت چپ(درصد كربن زمين  ٤٥ذخيره •
)راست شكل سمت(كربن سالانه با مقادير بسيار بالا  ترسيبتوانايي •
ره درصد كربن توليد شده توسط انسان را ذخي ٣٣جنگل ها  ١٩٩٠در سال •

.كردند
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:جنگل كاركردهايبرخي از •
الاي برف ب آلبدويپايين دارند و مي توانند ضريب  آلبدويجنگل ها ضريب •

)شكل سمت چپ. (را خنثي كنند
كمتر از  نسبت تبخير و تعرق به انرژي داده شده به سيستم، براي جنگل•

)راستشكل سمت (. گياهان مزرعه مانند گندم و ذرت است
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نسل دوم مدل هاي  ١٩٨٠در اواسط دهه •
ر اقليمي قادر بودند چرخه هيدرولوژي و اث
پوشش گياهي بر چرخه آب و انرژي را 

.مدل نمايند
 شامل مدلهااثرات پوشش گياهي در اين •

رون و آشفته د فرايندهايانتقال تابشي، 
 يوفيزيكبالاي پوشش گياهي و اثرات 

.زيستي تبخير و تعرق بود
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هم چنين در مدل هاي نسل دوم، پوشش •
برف، حركت آب در خاك و اثرات 

ده پوشش گياهي بر چرخه هيدرولوژي دي
.شد
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مدل هاي نسل سوم  ١٩٩٠در اواسط دهه •
با لحاظ كردن تئوري  شناسياقليم 

تي فيزيولوژي گياه، توانستند اثر زيس
.تبخير و تعرق را مدل كنند

چرخه كربن مدلهاي امروزي، بسياري از •
را مدل مي كنند
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مينه مدل ها وارد ز اين.هستندفراتر از آب و هواشناسي  هاييفعلي داراي قابليت مدل هاي 
ش بسياري از مدلهاي فعلي پوش. اندشيمي شده -زمين-جغرافي و زيست-هاي زيست
.را مدل مي كنند) ديناميك(گياهي پويا 

كه در  در مدلهاي نوين، زيست كره و اتمسفر تشكيل يك سامانه جفت شده را مي دهند
.جغرافي-آن تغيير در اقليم منجر مي شود به تغيير در اكوسيستم و زيست

ير كاربري به گياهي طبيعي تغي پوششهايهمانطور كه تصوير بالا نشان مي دهد، بسياري از 
.بعضي از مدل ها كاربري زمين را هم در نظر مي گيرند. اندكشاورزي داده 
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Climate model simulations show that tropical forests 
maintain high rates of evapotranspiration, decrease 
surface air temperature, and increase precipitation 
compared with pastureland. 
The most studied region is Amazonia, where large-scale 
conversion of forest to pasture creates a warmer, drier 
climate.
Surface warming arising from the low albedo of forests 
is offset by strong evaporative cooling. Similar results 
are seen in tropical Africa and Asia, and the climatic 
influence of tropical forests may extend to the 
extratropics through atmospheric teleconnections. 
However, forest-atmosphere interactions are complex, 
and small-scale, heterogeneous deforestation may
produce mesoscale circulations that enhance clouds
and precipitation. 
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The future of tropical forests is at risk in a warmer, 
more populous 21st-century world.

Tropical forests are vulnerable to a warmer, drier 
climate, which may exacerbate global warming through 
a positive feedback that decreases evaporative cooling, 
releases CO2, and initiates forest dieback.

Loss of natural forests worldwide in the tropics during 
the 1990s was as high as 152,000 km2/year, and 
Amazonian forests were cleared at a rate of ~25,000 
km2/year.

Such land-use pressures are expected to continue in 
the future and may shift the Amazonian region to a 
permanently drier climate once a critical threshold of 
clearing is reached.
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Climate model simulations show that the low surface 
albedo during the snow season, evident in local flux 
measurements and satellite-derived surface albedo, 
warms climate compared to when there is an absence 
of trees.
Consequently, the boreal forest has the greatest 
biogeophysical effect of all biomes on annual mean 
global temperature. Loss of boreal forest provides a 
positive feedback for glaciation, whereas forest 
expansion during the mid-Holocene 6000 years ago 
amplified warming.

Boreal forests differ in their partitioning of net radiation into sensible and 
latent heat fluxes. Conifer forests have low summer-time evaporative fraction 
(defined as the ratio of latent heat flux to available energy) compared with 
deciduous broadleaf forests, producing high rates of sensible heat exchange 
and deep atmospheric boundary layers. 
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Boreal ecosystems store a large amount of carbon in 
soil, permafrost, and wetland and contribute to the 
Northern Hemisphere terrestrial carbon sink, although 
mature forests have low annual carbon gain. 

The climate forcing from increased albedo may offset 
the forcing from carbon emission so that boreal 
deforestation cools climate. 

Similar conclusions are drawn from comprehensive 
analysis of the climate forcing of boreal fires. The long-
term forcing is a balance between postfire increase in 
surface albedo and the radiative forcing from 
greenhouse gases emitted during combustion. 
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Boreal forests are vulnerable to global warming. Trees 
may expand into tundra, but die back along southern 
prairie ecotones. 

In the main boreal forest, there may be loss of 
evergreen trees and a shift toward deciduous trees. 

Siberian forests may collapse in some areas and 
become more evergreen in the north.

Increased disturbance from fire or insect outbreaks will 
shift the forest to a younger age class.

Climate forcing arising from younger stand age may be 
comparable to that arising from biome shifts.

Averaged
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• Temperate forests hold ~20% of the world’s plant 
biomass and ~10% of terrestrial carbon.

• Carbon sequestration rates of mature forests are 
high, but temperate forests in the United States 
historically have been carbon sources because of 
deforestation.

• Much of the temperate forests of the eastern United 
States, Europe, and eastern China have been cleared 
for agriculture. 

• Croplands have a higher albedo than forests, and 
many climate model simulations find that trees 
warm surface air temperature relative to crops
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• The future of temperate forests and their climate 
services is highly uncertain. 

• These forests face uncertain pressure from climate 
change, atmospheric CO2 increase, and 
anthropogenic nitrogen deposition. 

• Change in the balance between deciduous and 
evergreen trees is likely in the future. 

• Temperate forests are particularly vulnerable to 
human land use. The trend over the past several 
decades has been toward farm abandonment, 
reforestation, and woody encroachment from fire 
suppression.

• Meeting the needs of a growing global population 
could place greater pressures on these forests.
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• The present carbon sink in eastern United States 
forests is likely to decline as recovering forests 
mature.

• These forests face uncertain pressure from climate 
change, atmospheric CO2 increase, and 
anthropogenic nitrogen deposition. 

• Change in the balance between deciduous and 
evergreen trees is likely in the future. 

• Temperate forests are particularly vulnerable to 
human land use. The trend over the past several 
decades has been toward farm abandonment, 
reforestation, and woody encroachment from fire 
suppression.

• Meeting the needs of a growing global population 
could place greater pressures on these forests.
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Much of the natural vegetation of the world has been cleared for agriculture 
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Research Needs 
• Through albedo, evapotranspiration, the carbon cycle, and other processes,

forests can amplify or dampen climate change arising from anthropogenic
greenhouse gas emission.

• Negative climate forcing in tropical forests from high rates of carbon
accumulation augments strong evaporative cooling.

• The combined carbon cycle and biogeophysical effect of tropical forests may
cool global climate, but their resilience to drought, their status as carbon
sinks, interactions of fires, aerosols, and reactive gases with climate, and
the effects of smallscale deforestation on clouds and precipitation are key
unknowns.

• The climate forcing of boreal forests is less certain. Low surface albedo may
outweigh carbon sequestration so that boreal forests warm global climate,
but the net forcing from fire must also be considered, as well as effects of
disturbance and stand age on surface fluxes.

• The climate benefit of temperate forests is most uncertain. Reforestation
and afforestation may sequester carbon, but the albedo and evaporative
forcings are moderate compared with other forests and the evaporative
influence is unclear .
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• An integrated assessment of forest influences entails an evaluation beyond
albedo, evapotranspiration, and carbon to include other greenhouse gases,
biogenic aerosols, and reactive gases.

• The geographic impact of these processes varies, as does their time scale of
climate forcing. Greenhouse gases are well mixed in the atmosphere and
influence global climate; biogeophysical feedbacks have a regional impact.
Biogeophysical processes influence climate more immediately than does
the carbon cycle.

• Slow rates of carbon accumulation in boreal forest may in the short-term be
offset by more rapid albedo effects. How forests attenuate or amplify
climate change will vary with global warming.

• Vegetation masking of snow albedo becomes less important in a warmer
world with less extensive snow cover.

• The evaporative cooling of forests declines if droughts become more
common. The interrelatedness of climate change science, climate impacts
on ecosystems, and climate change mitigation policy requires that these be
studied together in an interdisciplinary framework to craft strong

• science in the service of humankind.


