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Land-Energy Nexus

« 70% of Sub-Saharan African households rely
on firewood and charcoal for cooking.

« Contrasting views on the impact of woodfuel
harvesting on forests:

« Key driver of deforestation versus

« Contributor to forest degradation and
localized deforestation
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« Impact is site specific => ‘hot spots’ of
unsustainable woodfuel use
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Motivation and objective

« Part of the ISWEL project: Larger study of the land-water-energy trade-offs in the
Zambezi river basin.

« Documented strong interactions and trade offs between household energy demand in
the form of woodfuel (firewood and charcoal) and deforestation/ forest degradation

in Southern Africa.

« Firewood and charcoal make up between 70% (Zambia) and 89% (Malawi) of the
national energy consumption (IDLO 2011 and Kambewa and Chiwaula, 2010)

» Charcoal production is considered one of the primary causes of forest degradation
in Malawi and Zambia (Day et al. 2013, MNREM 2017).

« LULUCF analysis often do no take into account the energy-land nexus in African
countries.

« Aim: To assess the impact of woodfuel demand on land use and forest change in Malawi
and Zambia using an integrated modelling framework
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GLOBIOM

Global scale model based detailed spatial

resolution (>200k cells)
Partial equilibrium and land use model

« Agricultural, wood, and bioenergy markets

« 30+ world regions and Zambezi basin
countries

- Bilateral trade flows based on spatial
equilibrium approach

Bottom-up approach

« Explicit description of production
technologies a la Leontief

« Technologies specified by production
system and grid cell

« Water availability/demand in Zambezi basin tanocover
at 21 subbasin level
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Market and Trade: EU + World = PRICES

* FEEDSTOCK |

RUMINANT
Digestibility Model

- Feed intake
- Animal production
- GHG emissions

BIOENERGY
Processing

- M biofuel
-+ Ml bioelectric
- Coproducts
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G4M
Global Forest model

- Harvestable wood
- Harvesting crops

Worldwide: 7 animals Perennial crops Downscaled FAO FRA
18 crops (FAO + SPAM) (FAO + Gridded Short rotation coppice at grid level
Management systems: livestock) Conversion Area
low/high input & Cattle and buffalo technologies: Carbon stock
irrigated Sheep and goat First generation biofuels Age
EUz28: EE' it Second generation ;ree size
9 additional crops, uitry biofuels Rgfailii Sn -
crop rotations 8 different systems Biomass power plants Thinning
Management options:
fertilizer, immigation,
and tillage
Cropland Grassland Short rotation Managed forest

plantations
i;““‘“n‘
T

ok

T
T —

MNatural forest

Other natural land

M_\;\\\\\'\\\

‘\\

s

W T

\\_\\

e
\\\\\\\\

T .

o

\\\_\\X.‘\\L\\.\
e e — e

Gridded representation of world land use

e T T T T T T T = T



MESSAGE-Access

MESSAGE-access flowchart

i i | Cooking
: ) Demand

« Provides projections for fuelwood and charcoal
household demand as a function of income,
prices, annualized stove costs and
inconvenience costs.

Fuel Demands

« National household survey data calibrate
household preferences for cooking options in
the base year

SSPs
Income Distributions

« Future demands are projected using:

o Price trends from the MESSAGEix IAM
(Huppman et al 2018)

o Future demographics and income (Samir KC
& Lutz 2017; Crespo Cuaresma et al 2017)

o National projections for Gini coefficient Househald Surveys
(Rao et al 2019)

Source. Poblete-Cazenave & Pachauri 2018 09 i 2019
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Mofuss (Modeling fuelwood savings scenarios)

Spatially explicit and dynamic landscape
model that simulates the effect of residential
woodfuel harvesting on local vegetation.

Projects woodfuel harvesting sites,
accounting for forest supply, distance,
accessibility and local demand.

Main inputs are high resolution data on land
cover, transport infrastructure and
population combined with forest growth and
friction parameters.

Speed
assumptions

Slopes
Roads

Rivers

il

Annual forest loss
2000-2006
Annual forest loss
2007-2012
Forest gain (whole
period) 2000-2012

Treecover 2000

Probability map

gain events

Friction map for

—»  walking fuelwood

collectors

Friction map for driving,
———>» —>» fuelwood collectors ——
(i.e. using vehicles)

gain events

v

Validation of
forest loss events

Forest loss/gain module

Trajectories of AGB, fuelwood harvest,
NRB and fNRB within each simulation
period for all MonteCarlo runs (Figs. 5a
and 5b)

Values of AGB, fuelwood harvest, NRB

and fNRB for complete simulations for
all MonteCarlo runs (Figs. 5¢c and 5d)

Maps of t0 and tn of AGB, fuelwood
harvest, forests loss/gain, NRB and
fNRB for the first simulation (i.e. first
MonteCarlo run (Figs 6a and 6b)

Animated maps of AGB and fuelwood
harvest. See Appendix 52 in online
Supplementary Material.
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Model framework
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billion USD

Scenario assumptions based on Shared Socioeconomic

Pathways

GDP projections: 2000-2050
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Population projections: 2000-2050
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BAU: Household energy demand from MESSAGE-Access

Household energy demand projections (GJ)
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BAU: Deforestation and GHG emissions from GLOBIOM
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Conclusions

« Land-Energy challenges and issues in Southern Africa are relevant due to the heavy
reliance on woodfuel for energy changing population dynamics

« Forest degradation and loss from woodfuel harvesting may be underestimated

« Impacts of forest degradation can be highly localized and react dynamically based on
changes in land use

« Integration of detailed household demand models, spatially explicit woodfuel demand
and supply models and agricultural land use models is a way forward to account for the
woodfuel demand, harvesting practices, and regeneration

09 April 2019
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Future Work

« Run Mofuss at high spatial resolution (100m)
 Finish model integration

« Linking household energy demand across models

« Impact of woodfuel collection on forest degradation
* Model alternative energy scenarios

 Linking deforestation and forest degradation with hydrological modelling

09 April 2019
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IIASA — Opportunities & Resources

Interactive Web Databases
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