
ClimateChange

Causes
Impacts

Solutions

Incorporating Non-GHG Effects 
in the Climate Balance 

of Land-Use and Land-Use Change Options
DI Hannes Schwaiger, MSc Neil Bird 

Zagreb, 19th – 20th October 2009



ClimateChange

Causes
Impacts

Solutions

Introduction (1)

Vegetation withdraws CO2 via photosynthetic assimilation

Climate change mitigation benefits via a positive NEP of land use 

LAND USE CHANGE: 
Conversion of non forest land into forest land 

or avoiding deforestation (Kyoto Protocol Art.3.3, REDD)

Albedo effects influence this balance depending on the colour and 
brightness of the land surface

Cooling or warming effect on the climate 

This has to be counterbalanced in a combined way:
carbon modelling (C stock change)
albedo change calculation (radiative forcing change)
combination of both on the same “unit”

Applied on a case study area (Spain) 

ALBEDO
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Introduction (2)

Coniferous forest in Austria Pinus radiata plantations 
in South Africa
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Introduction (3)

Afforestation in Ecuador (Highlands)Afforestation in Ecuador (Lowlands)
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Case study area

Sierra de GuadarramaSierra de Guadarrama

“Sierra Guadarrama” in central Spain

Summer Winter

http://upload.wikimedia.org/wikipedia/commons/3/39/Penalara.jpg
http://upload.wikimedia.org/wikipedia/commons/a/a5/La_Mujer_Muerta_desde_Segovia.JPG
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Baseline Biomass
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Project Biomass
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Carbon accounting
Net biomass increase
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Albedo
Surface albedo data

Top of the Atmosphere (TOA) albedo data:

Fu Liou Radiative Transfer Model
Information on cloud cover per month in 2008

ISCCP (International Satellite Cloud Climatology Project) data 
for 2 cloud levels (high/low)
cloud fraction (%)
could optical depth (gm-3)
cloud top and bottom air pressure data (hPa)
cloud phase (ice/water)
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Albedo
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    2nd cloud layer (low)

0

5

10

15

20

25

30

35

40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Cl
ou

d 
Fr

ac
tio

n 
(%

)

0

2

4

6

8

10

12

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Cl
ou

d 
op

tic
al

 d
ep

th
 (g

m
-3

)

0

2

4

6

8

10

12

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Cl
ou

d 
op

tic
al

 d
ep

th
 (g

m
-3

)

Fraction Fraction

Optical depth (g/m³) Optical depth (g/m³)

ice icewater



11

ClimateChange

Causes
Impacts

Solutions

Cloud pressure
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Fu Liou Model 
Inputs 

2008
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Albedo results
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Combination of carbon accounting 
and Albedo (Forcing)
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Combination of carbon accounting 
and Albedo (GHG Emissions)
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Sensitivity Analysis (1)
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Sensitivity Analysis (2)
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Sensitivity Analysis (3)
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Sensitivity Analysis (4)
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Sensitivity Analysis (5)
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Sensitivity Analysis (6)
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Conclusions

Inclusion of albedo effects has to be taken into account when speaking 
about LUC (direct + indirect )
Carbon sequestration due to forest growth and albedo change may 
compensate for each other, tending towards a net warming effect 

Sensitivity analysis: model results are highly sensitive to both, surface 
and TOA albedo as well as forest growth
LCA: Albedo impacts should be included 
(e.g. in the sustainability discussion of liquid biofuel production out of 
second generation feedstock)
Afforestation / Reforestation according to KP Art. 3.3. cannot simply be 
viewed as a positive activity to mitigate climate change (consideration 
also in JI, CDM, REDD projects)
Further research is needed: 

inclusion of MODIS satellite image data 
effects of topography
forest inventory data instead of yield tables
influence of evapotranspiration changes (not considered here)
Inclusion of SOC and wood products may influence the results “positively”


	Incorporating Non-GHG Effects �in the Climate Balance �of Land-Use and Land-Use Change Options �
	Introduction (1)
	Introduction (2)
	Introduction (3)
	Case study area
	Carbon accounting
	Carbon accounting
	Carbon accounting
	Albedo
	Albedo
	Cloud pressure
	Fu Liou Model�Inputs 
	Albedo results
	Combination of carbon accounting �and Albedo (Forcing)
	Combination of carbon accounting �and Albedo ( Forcing)
	Combination of carbon accounting �and Albedo (GHG Emissions)
	Sensitivity Analysis (1)
	Sensitivity Analysis (2)
	Sensitivity Analysis (3)
	Sensitivity Analysis (4)
	Sensitivity Analysis (5)
	Sensitivity Analysis (6)
	Conclusions

