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Forests and Climate Change:
Forcings, Feedbacks, and the
Climate Benefits of Forests

Gordon B. Bonan
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Table 85 | Confidence level for the forcing estimate associated with each forcing agent for the 17502011 perod. The confidence level i based on the evidence and the agree-
ment 35 given in the tahle The bask for the confidenca level and change since AR is provided. 5e= Figure 1.11 for further description of the evidence, agreement and confidence
leiel The colours are adopted based on the evidence and agreement shown in Figure 1.11. Dark geeen is “High ageeement and Robust evidence™, light green is either “High
agreement and Medium evidence™ or “Medium agresment and Robust evidence™, yeliow is either “High ageeement and limited evidence™ or “Medium agreement and Medium
midence” or “Low sgreement and Aobust evidence”, orange i either “Medium agreement and Limited evidence™ ar "Low agreement and Medium evidence™ and finally red i
“Low agreemeni and Limited evidence”. Nobte, that the confidence leveds given in Table 8.5 are for 2011 relative bo 1750 and for some of the agents the confidence level may be
diffarent for certain portions of the Industrizl Ea.

- Confidence Basis for Uncertainty Estimates Change in Under-
Evidence | Agresment 5 5 5 7
g Lewel {more certain { less certain) standing Since AR4
Well-mixed . o Measured frends from dferent ohserved dafa sefs and dferences | No major change
wmm DeEbwean radatve Tansier modas
Tropaspherk — - Dbserved rends of 0zone In ine Toposphere and mode results for Wo major change
oIane -m 1he Indistial eraliterenoes betiveen model estimates of RF
Stratasphenc - Ve tserved Tents I Sratspherkc and totzl azone and mode- Ko major change
ozone Ing of azone depletiorVDierentes between estimates of RF
msniﬂm'"": . Lo SImisarities In resufts f INJEPEnGRNT MEEX: to estimate e Elevated owing 1o more studes
: n:.u..m s RFIXnown uncertzinty In RF caloulations
AErOsC-fadaton . S A |arge set of DhsENvations and COMVErging INdEpencent estimales of | Elevated owing 10 more robust estl-
Interactions — RFIDiMlerences between model estmates of AF mafies from Independent methods
Aerosoiciond Variety of cifterent observational evidence and modelling actvitles! | ERF In ARS has a similar
o Megium Low Spread In Mmool estmates of ERF ang dIMerences between CONMiEnce level to AF In AR
w'""” mm“u: — - DEEENVaB0Nal Svidene MMBIned Wit rEsults fram diferent types of fmﬁﬂgﬂ
- m“m midessiLarge spread In mocel esimates
it A |arge set 0f phservaions and mocel resisls, NGEPENdent MEthods | MOt provioed previsusty
aerusol Megium Medum o cerive ERF estimatesiAernsoi-cioud Imeraction progesses
effect and antropogenic fraction of CCN st falrty uncertaln
Surtace albedo . — ESHMates of Gefrestation for 2gricutLrl PUFPOSES 3N wesl known | Elevated owing 10 the avalaniity
fland use) s physica| roesses/Soread In moded estimates of RF of high-uailty satelfte data
fl”g:‘&mm" S Lo ‘EsENVaions of SNOW SaMpiEs and the Ink between BC ntent Nomajor change
nd lce] n snow and albecoLange spread In mooe| estmates of RF
COnralls ahsenvatons , Ime RUMmbes of Moce estmatesfSpreadin - | Elevated owing 1o more studles
Contrais et Lo MERum | e estimates of RF and Uncertalnties In contrall ogtic! properties
Contrali- Induced — - Dtservations of 2 few events of contral Induced drmus/Extent of Elevated owing to additiona
oimus Events uncertaln and large spread In estimates of ERF studles Increasing e evidence
Satelite Information over recent decades and smal uncertainty Elevated owing 1o bettes
Solar Imadlance Megium Medum MEgfum | In radiative ranser CakusINONS/Lame FREIOVE Spread In BFEEMENt ol 2 weak RF
Desenvations of recer valcanic EmFﬂmimB:ﬂ'Etﬂ.ll:ﬂﬂE- ol Elevated m’ﬂﬂg"l mpm
Vodzanic agrosol Aot Medum - past Buptions understanang
Notes:

The Conidence level for zemsol-clout Inferactions incudes rapic adsiments Which Incude what was previously denoted 25 Coud Ifellme effect or second ndrect aemusol ertect Tesegare. N @N 0 Creativity

confidence: leved for the rapld adustment for 2erossi-Coud Interadions ks very low. For aerosoi-radiation inferaction the table provides secarate confidence leves for BF due o 2ensol-radiztion

W Imteraction and rapid adustment associated with aerosoé-—radiation Inberacion. _
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Figure 8.27 | The cause—sifiect chain from emissions to dimate change and impacts showing how metrics can be defined to estimate sesponses to emissions (left) and for develop-
ment of multi-component mitigation {right). The relevence of the warious effects increases downwards but at the same time the uncertainty also inoeases. The dotted line an the
eft indicates that effects and impacts can be estimated directly from emissions, while the amows on the right side indicate how these estimates can be wsed in development of
stratenjies for reduding amissions. [Adapted from Fuglestvadt et al, 2003, and Platiner et al, 2009.)

Talble 8.7 | GWP and GTP with and without inclusion of dimate—carbon feedbadis (oo f) in responss to emissions of the indicated non-C0,, gases (dimate-carbon feedbacks in
response to the reference gas C0, are abways indudad).

Lifetime {years) GWP, GWP, GTPy GTPyg
cHp 1248 MO b B i &7 P
With o Th o M 0 11
HEC-1343 134 Mo b 70 1300 0650 201
With cc b 70 1550 170 530
CFC-11 a50 Moo b g200 4580 550 7340
With cc T 000 5350 ToR0 1490
N0 1210 Moo b 764 765 m 734
With e T 168 758 784 297
cF, 50,0000 Moo b &5 530 5270 a0
With cc b 2550 1350 54000 560 .
Mites: j

Lincertalmies related 1o the clmate—caron fesdback 2re lange, comparabie In magnitude o the sirength of the feedback 1or 3 Single gas.
1 Parturtation [Hetime s used in e cakcuiation of meric

' These valoes do rof indude COy from mefhane oxidziion. Yakees Tor jossl methane zre higher by 1 and 2 for the 310 and 100 year meirics, respeciively (Table 8A.1).
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LCA - Emissions and Impacts

From an environmental insult to stress or damage
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LCA - Emissions and Impacts

From an environmental insult to stress or damage
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Sliding and fixed time windows

Two perspectives

Sliding windows: impacts are assessed over a constant period of
duration from the time of each individual emission.

Applied in LCA
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Sliding and fixed time windows

Two perspectives

Fixed window: impacts are assessed over a fixed period of time.

Climate scenario assessments.
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AT, Annuals — perennial crops

a

Direct climate effects of perennial bioenergy
n the United States

Matei Georgescu®', David B. Lobell’, and Christopher B. Field*

Regional climate modeling simulation
of replacing annual crops with
perennial crops in the U.S. Midwest for
bioenergy (~84 Mha)

Local and regional cooling from
enhanced evapotranspiration

Local, regional, and global cooling
from higher surface albedo

Results demonstrate that a thorough
evaluation of costs and benefits of
bioenergy-related LUC/LCC «must
include potential impacts on the
surface energy and H,O balance to
comprehensively address important
concerns for local, regional, and
global climate change»



Key Points

Multiple forcings need to be understood to
understand climate impacts of bioenergy

IPCC:. GWP is forcing not warming per se
IPCC: GTP as alternative metric
Time and damage perspective

LC Impact assessment independent of CLCA or
ALCA

ESMs , RCMs needed to assess large scale land
cover changes.

LCA depend on these to do develop robust metrics.

@ NTNU

Innovation and Creativity

\
www.nthu.no \‘



	Bioenergy and climate metrics
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	LCA - Emissions and Impacts�From an environmental insult to stress or damage
	LCA - Emissions and Impacts�From an environmental insult to stress or damage
	Sliding and fixed time windows�Two perspectives 
	Sliding and fixed time windows�Two perspectives 
	Foliennummer 9
	Key Points

