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How sustainable is traditional woodfuel consumption?
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—

Woodfuel is fuelwood(or firewood) and charcoal

" ‘ & » h V. & . > .. ‘: nJ‘ - ‘-. b
\ = . L] ‘~
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Outline of presentation

&3 Renewable vs not non-renewable

&% How can we tell if traditional woodfuels are a
driver of land change?

@ Some precisions on the importance of spatial
and temporal scales

@ Short overview of the project that gave origin
to this particular model

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 4
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“_..in terms of biomass” — due to an emphasis in climate
change over local environment and health
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“_..in terms of biomass” — due to an emphasis in climate
change over local environment and health
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Woodfuels...

...the other energy crisis (Eckholm, 1975)

...a major driver of environmental degradation
(de Montalembert & Clement, 1983).

...seldom create problems of such a
magnitude...so as to require major
interventions...(Arnold, et. Al, 2006)

...causing severe deforestation (e.g. Singh, et al.,
2010) ...or habitat degradation (e.g. Ahrends, et
al., 2010; Ryan, et al., 2012).

...have very limited impact (e.g. Hansfort &
Mertz, 2011)

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 7
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- —

We might sum up current understanding this
way...

In certain areas and
under certain conditions, |
woodfuel exploitation can

contribute to
deforestation and forest
degradation

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 8
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Motivating questions

¢ Under what conditions
1s woodfuel exploitation
sustainable?

 Can we quantify
sustainability in this
context?

¢ Can efficient

cookstoves (or fuel

switching) reduce

deforestation and forest

degradation?

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 9
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—

Landscapes, where human-environment
Interactions occur, are inherently dynamic

@ Meaning they change in time

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 10
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http://wgbis.ces.iisc.ernet.in/energy/paper/ajg_mandhala/results.htm
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above”
Carbon Stock 0‘:&

@ FOREST ENHANCEMENT Low Level
. ":” -ﬁj of Degradation
Climax
Level
o\
es9\°
Gucc
Degraded

Deforestation Morales, Skutsch, Pelaez, Ghilardi, et al 2014
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So, how can we tell when traditonal
woodfuels are a driver of land change?

L N

SMALL SCALEAAGRICULTURE
TRADHHONAR FUELWOOD ‘ TRADITIONAY CRARCOAL
XS
XN

XTENSIVE GRA G ALTERED FIRE REGIMES
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Previous works examples:
Land change <—-> woodfuels

Spatially explicit Temporal simulations

A dynaic model o eforesation aru

Fiz. 3. Woodland degradation when harvesting costs vary with standing volume. Standing volume
(vertical axis) as a function of distance from Dar es Salaam (origin at the lower right of the surface)
along tarred and dirt road (horizontal axes).

e.g. Katrina Olson, 1981, Lund University e.g. Hofstad, 1997, J. Environ. Econ. Manalg

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016
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Contents lists available at ScienceDirect

Landscape and Urban Planning

journal homepage: www.elsevier.com/locate/landurbplan

Spatial and temporal patterns of fuelwood collection in Wolong Nature Reserve:
Implications for panda conservation

Guangming He®*, Xiaodong Chen?, Scott Beaer?, Manuel Colunga®, Angela Mertig€, Li An?,
Shigiang Zhou9, Marc Linderman?, Zhiyun Ouyangé, Stuart Gage®, ShuXin Li?, Jianguo Liu?

3 Center for Systems Integration and Sustainability, Department of Fisheries and Wildlife, Michigan State University, East Lansing, MI 48824, USA
b Computational Ecology and Visualization Laboratory, Department of Entomology, Michigan State University, East Lansing, MI 48824, USA

© Department of Sociology & Anthropology, Middle Tennessee State University, Murfreesboro, TN 37132, USA

4 China’s Center for Giant Panda Research and Conservation, Wolong Nature Reserve, Wenchuan County, Sichuan Province, China

¢ Department of Systems Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, China

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 16
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Time matters! Two important reasons:

* First of all: space is important because
woodfuel supply and demand relations are
“place-based”.

 Why adding fime could improve spatially
explict estimations?

¢ Reason #1: Landscapes, where human-
environment interactions occur, are inherently
dynamic
* Let’s see and example:

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 17
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#MoFuSScourse2016 @MoFuSSfreeware

Scale matters!

¢ Reason #2: Scaling

 Human-environment interactions are known to
be complex systems: “the whole is significantly
different from the simple sum of the parts”

* Interactions matters, and varying the scale in
space, time and complexity can produce
different results...

e Scale” refers to:

* Resolution: Spatial grain size, time step and degree of
complexity of the model

* Extent: In space, time and n components modeled
¢ Let’s see another grounded example:

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 32
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—

Spatial and temporal scale affects fuelwood
collection patterns

¢ Spatial grain size: most
L landscape models are
> based on geographical
streets raster datasets.

-
o " -

7™ @) “A geographical raster
essentially divides a
real world place into a
grid and assigns some
element of the real
world to each cell of the
grid” J. Collins-Unruh,
Understanding Rasters

" elevation

land usage

- D~ =

" real world
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Temporal scale varies, spatial scale is fixed

Figure A.5. Temporal projections of supply/demand relations at pixel-level
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Spatial and temporal scale affects fuelwood
collection patterns simulation

¢ So, whats the point?

¢ Spatial and temporal scale affects the
frequency and intensity by which raster cells
are harvested.

¢ And this has implication on the modeled
response of the vegetation to the disturb.

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 37




#MoFuSScourse2016 @MoFuSSfreeware

Landuse or habitat
types

¢ Programming tools
avallable todoitin a
fairly easy way.

rural resident

1

Lann

urbanized

¢ Most cutting-edge
tools are freeware.

t . # Many of these tools
oms can be integrated
L O toguether in single
7 5 models.

Unit Model

i Horizontal flux etween cells 1

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 Source: Constanza & Voinov 2004
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How to include spatial dynamics in woodfuel
supply-demand analyses?

Ataglance'-mf 22 SR o Cost-Distance by village

|rvest tat any given time step)

VWhere, Tovilage. | wooust fiow o 100 (COMCt Ve LOugnt n
s case). " FW comumption. *d dmtance i time unts,
/T ADW exponent setto 1 by detaut

"2 s 200

— BA_a (INRB et}
- = BAU_b ONRS)

e ALS_U (NI )

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 39



#MoFuSScourse2016 @MoFuSSfreeware

Why we developed this model in the first place?

¢ MoFuSS was developed during one of the
Global Alliance for Clean Cookstoves (GACC)
projects between 2013-2015: Geospatial
Analysis and Modeling of Non-Renewable
Biomass: WISDOM and beyond.

¢ It was built for GACC partners and other
stakeholders to assess fuelwood-driven
degradation in a variety of contexts.

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 40
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Project objectives

1. Develop spatially explicit estimates of woodfuel demand, supply,
and non-renewable biomass (NRB) in 88 countries (1482
subnational units analyzed) — Pantropical or Tier I analysis.

2. Carry out national (Tier II) and sub-national (Tier III) analyses
in selected “high-risk” areas of Africa, Asia, and Latin America.

i ;;-&
", P
¥

R R

Fuelwood Environmental Impacts - Sep 2016
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‘Balance pixel N 4
od t of woody biomass *«*

I < 40,000
I -+0.000 - -10,000
I -10.000 - -500

E -500 - 100

“100~28 Major deficit sites

[ 25-5 Cumulative deficit

[ 1-s-5 within 20 km radius
[Js-10 ©  Zonal deficit > 0.4 Mt
I 10-25

- 25 - 50 @Zonal deficit > 2.4 Mt

= o1 - ‘ _ ' ]
deployed using the best available technology, then
emissions would decrease by 100-160 MtCO2e/yr

Source: Bailis, Drigo, Ghilardi, Masera. Nature Climate Change (2015)
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Scenario A :

: fe .
Medium - Pixel-
Conventional level
demand balance

: 1ha
(excluding (1ha)
marginal Fw;

24% Ch. Yield)

Supply/

demand

balance T4

od kg ha ' yr Local-

I <-10.000

I -¢.99¢ - -1,000 level

P balance

[ ]-99-100 (Context

[ ]101-300

[ ]301-500 of 6 km)

[ 501 - 700

[ 701 - 1,000
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Tier lll: Scope of landscape level analysis

¢ Built a landscape-level computer model that
simulates fuelwood harvesting in space and
time, and expected regrowth of the vegetation.

¢ Use the model to account for savings in non-
renewable woody biomass from reduced
consumption (due to interventions).

Fuelwood Environmental Impacts - Sep 2016
03 September, 2016 a4
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Similarities and differences of Tier Il with Tier | & Il

Similarities Differences

s

¢ Similar inputs Dynamic: time-steps allow

¢% Spatially-explicit repeated cycles of harvest and

o regrowth
& Same principles of ¢ Use biomass growth functions
supply/demand balance (i.e. CAI)
¢4 Accounts for fuelwood ¢ Incorporates uncertainty and
from deforestation. stochasticily
¢ Unsuitable for very large areas
¢ Intended as a usable tool for

third parties:
*  Built on open or freeware
e Canrun in the “cloud”

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 45
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Thanks

¢ We will now 1nstall MoFuSS in your computers

¢ Will follow with a short presentation on how
the model works

&5 Then we will run the model

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016 46
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What is the expected “reaction” of vegetation to
the distrub

Figure A.5. Temporal projections of supply/demand relations at pixel-level
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Validated trends in forest loss and gains not necessily

related to woodfuel (Prospective Landscape Simulation

submodel)

Probability of loss 2006

Observed losses between ’_200'7 and 2012

g

0 125 25 50 Km
| T T T A T T B |

Simulated losses between 2007 and 2012

03 September, 2016
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Business as Usual vs Clean Cookstoves

agb (tDM)

nrb (tDM)

fuelwood use (tDM)

#MoFuSScourse2016 @MoFuSSfreeware

How the relation between wood harvest and vegetation

response evolve in a landscape simoultaneously
experiencing forest losses and gains
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BaU: NRB: period 2000 to 2030 Cookstoves: NRB: period 2000 to 2030
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Summary table of key results by administrative unit

Rl roduce tables, maps and animations

HOM_MUN.x HRE_MC_mean NRB_MC_sd CON_TOT_MC_mean CON_TOT_MC_sd CON_MRE_MC_mean CON_NRE_MC_sd fRE fNRE_sd fNRB_nrb fMRE_nrb_sd

1 Platon Sanchez 2650914 190.79 3808416 34517 3683924 59.48 0.70 0.0 0.72 0.1
2 Jaltocan 777519 45962 11095.57 35.05 10624 .64 335.14 0.70 0.06 073 0.07
3 Huejulla de Reyes 53999 .44 368.03 8519220 35864 76686.61 114510 0.63 0.0 0.69 0.02
4 Huazalingo 1490.96 207.87 5843 65 45.20 670007 B47.45 017 014 0.22 0.7
5 Aflapexco 113020 279.92 5695.52 99.10 4356891 133.09 020 025 0.26 0.25
6 Chiconamel 1733.38 13349 2681.17 90.7 257584 9995 0.65 0.08 0.67 0.09
7 Chalma 2235590 990.83 31591.36 418.97 30378.00 857.12 0.7 0.0s 0.74 0.05
2 Chiconamel 1700743 310.82 2342419 126 22687 65 29242 0.73 0.0z 0.75 0.02
9 San Felipe Orizatlan 27854.90 1126 65 47625.07 270.61 44371 54 1056 53 0.58 004 0.63 0.05
Nofe:
NRB_MC_mean and NRB_MC_sd are average and sfandard deviation of NRB values for all Monte Carlo realizations per choosen adminisfraive unit.
CON_TOT_MC_mean and CON_TOT_MC_sd are average and standard deviation of fuelwood use for all Monte Carlo realizations per choosen administraive umit.
CON_NRB_MC_mean and CON_NREB MC_sd are average and sfandard deviation of fuslwood use driving degradation for all Monte Carfo realizations per choasen administraive wmit.
NREB and fINRE_sd are the fraction of non—-renewable biomass and iz standard deviation respeciively for all Monte Carlo realizations per choosen administraive unit.
NRB _nrb and fINRB_nrb_sd are the fraction of non-renewable biomass and its standard deviation respectively, but only accounting for fuefwood use driving degradation.
Table automafically generated by NRBv1.0, but the script producing this fable is sfill in its Befa version
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60 —= 1.0
-1 .2 Ny B A L
<\ | g £ \
o P '\_( s 50 ) > o ;7 08
B 8 & P S & N
=] o Y o ( — 40 o { ‘
8 o - J s B! = A | T
3, C 7 N 7 245 5] ( e ! — 0.6
z ©O \ oy { 2 I © ‘ o S >
- Sy - 4 N 4
3 o S g 8- 30 e Al 2
= ‘5 / Y e wrhH 7 Y — 0.4
= - Lt G S 20 = e Y
o | . s Ny ~ p e
{ ) 4 f ¥
o M2 "i /." o i, r o 0.2
§ A R im0 § T T /
B R G i - fﬂ.f
v.r‘f ‘l
- T T T T T 0 - T T 1 T T 0.0
250000 350000 450000 250000 350000 450000



UTM S-N coords
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Conclusions from Version 1.1:
Expected outcomes and relevance of results

¢ Allows to compare BaU vs Intervention scenarios
in terms of environment degradation risk and
GHG emissions.

¢ From a Climate Finance perspective, the model
allows project developers to come up with their
own estimates over their area of interest.

¢ Possibility of calibration-validation-simulation (In
principle).
¢ Easy to explore sensitivity.

¢ Other aspects of woodfuels impacts can be
eventually assessed: local environment, energy
povety, health.

Fuelwood Environmental Impacts - Sep 2016
03 September, 2016 53
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e —

Where Is research and development heading in
the next few years?

1. Validation using independent datasets is
becoming increasingly doable and required by
specialized peers.

2. Analyze multiple drivers in ensemble (i.e.
simoultaneously): complexity of models is
increased considerable.

3. Making modeling tools available, aplicable and
affordable to non-technical practitioners in the
need of cuantitative frameworks and results.

03 September, 2016 Fuelwood Environmental Impacts - Sep 2016
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Recent work on space-time simulations of socio-
environmental systems include tools designed to study
complex systems such as:

@ Genetic algorithms (e.g.Yu and Wel, 2012;
Stange et al., 2011; Wendt et al., 2010).

¢ Neural networks (e.g. Gil-Tena et al., 2010; L1
et al., 2010; Maeda et al., 2009).

¢ Celullar automata (Mahiny and Gholamalifard,
2007).

¢ Network theory (Yang et al., 2010
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Make TOOLS, not results, usable by a wide
range of practitioners and government officials

@ e.g. MoFuSSv2.0 (UNAM-SEI) wish list for 20117:

 User-friendliness:
» Automatic reports
» Easy “one-click” instalation
* Manuals
* Video tutorials and training webinars
» Worldwide default datasets and parameters
* A growing community of users

 Improved features:

* Optimization algorithms to inform about cookstove deployment
strategies

* Multiple LULCC transitions

* ...we have many more here, some of them already being worked on...
* Validation

* Good-practice guidance for independent validation of results
* Dream on features

* Coupled to behavioural change modeling
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