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Foreword

Ministry of Environment

Through the publications of Lebanon’s Initial and Second
National Communications to the United Nations Framework
Convention on Climate Change, and the Technology Needs
Assessment for Climate Change, the Ministry of Environment
drew the large climate change picture in the country. The
picture shed the light on a number of climate change
matters: Lebanon’s contribution to global greenhouse gas
emissions, the sectoral share of national emissions, the
socio-economic and environmental risks that the country
faces as a result of climate change, and the potential actions
that could and should be undertaken to fight climate change
both in terms of mitigation and adaptation.

Through these series of focused studies on various sectors (energy, forestry, waste,
agriculture, industry, finance and transport), the Ministry of Environment is digging deeper
into the analysis to identify strengths, weaknesses, threats and opportunities to climate
friendly socio-economic development within each sector.

The technical findings presented in this report (National Greenhouse Gas Inventory
Report and Mitigation Analysis for the Land Use, Land-Use Change and Forestry Sector)
will support policy makers in making informed decisions. The findings will also help
academics in orienting their research towards bridging research gaps. Finally, they will
increase public awareness on climate change and its relation to each sector. In addition,
the present technical work complements the strategic work of the National Climate
Change Coordination Unit. This unit has been bringing together representatives from
public, private and non-governmental institutions to merge efforts and promote
comprehensive planning approach to optimize climate action.

We are committed to be a part of the global fight against climate change. And one of the
important tools to do so is improving our national knowledge on the matter and building
our development and environmental policies on solid ground.

Mohammad Al Mashnouk

Minister of Environment




Foreword

United Nations Development Programme

Climate change is one of the greatest challenges of our time;
it requires immediate attention as it is already having
discernible and worsening effects on communities
everywhere, including Lebanon. The poorest and most
vulnerable populations of the world are most likely to face
the harshest impact and suffer disproportionately from the
negative effects of climate change.

The right mix of policies, skills, and incentives can influence
behaviour and encourage investments in climate
development-friendly activities. There are many things we
can do now, with existing technologies and approaches, to
address it.

To facilitate this, UNDP enhances the capacity of countries to formulate, finance and
implement national and sub-national plans that align climate management efforts with
development goals and that promote synergies between the two.

In Lebanon, projects on Climate Change were initiated in partnership with the Ministry
of Environment from the early 2000s. UNDP has been a key partner in assisting Lebanon
to assess its greenhouse gas emissions and duly reporting to the UN Framework Convention
on Climate Change. With the generous support of numerous donors, projects have also
analysed the impact of climate change on Lebanon’s environment and economy in order
to prioritise interventions and integrate climate action into the national agenda. UNDP
has also implemented interventions on the ground not only to mitigate the effects of
climate change but also to protect local communities from its impact.

This series of publications records the progress of several climate-related activities led by
the Ministry of Environment which UNDP Lebanon has managed and supported during
the past few years. These reports provide Lebanon with a technically sound solid basis for
designing climate-related actions, and support the integration of climate change
considerations into relevant social, economic and environmental policies.

Ross Mountain

UNDP Resident Representative
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Executive summary

In the framework of Lebanon’s Third National Communication to the United Nations Framework
Convention on Climate Change (UNFCCC), Greenhouse Gas (GHG) emissions resulting from the
Land Use, Land-Use Change and Forestry Sector (LULUCF) in Lebanon were estimated for the
period of 1994-2011. The tier 1 approach of the Intergovernmental Panel on Climate Change
(IPCC) Guidelines was adopted in the calculation of GHG and consequently for the development
of the National Greenhouse Gas Inventory.

The sources of emissions as well as the main removals in this sector were identified in the purpose
of targeting the largest contributors. This allowed the development of the potential mitigation
actions for the reduction of GHG emissions and for increasing the carbon sequestration effect of
the LULUCEF sector.

Inventory
GHG estimations results showed a remarkable increase in GHG emissions and decrease in

removals from LULUCF over the past two decades, resulting in a net decrease in removals of about
12% from 1994 to 2012 (Figure i).
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Figure i: Trend analysis for CO, emissions/removals over the inventory period 1994-2012

The main findings revealed that wildfires are highly contributing to greenhouse gas emissions
(between 60 Gg and 400 Gg CO, per year); whereas urbanization (between 10 Gg and 170 Gg
CO, per year) and fuelwood gathering (about 27 Gg per year) are the main causes of decrease in
removals. Greenhouse gas removals were mainly attributed to the growth of forest plantations
from afforestation activities (between -7 Gg and -80 Gg CO, per year), the growth of existing forest
lands (about -2,300 Gg per year), followed by existing cropland (about -1,230 Gg per year).




The comparison of emissions and removals of changes showed thatemissions from land conversions,
burning of biomass and fuelwood gathering were much higher than the removals caused by the
growth of new plantations (afforestation) (Figure ii). Although net emissions/removals proved that
the LULUCEF sector is a major sink, emissions from changes in the LULUCF sector were still high
and could not be compensated by the afforestation activities.
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Figure ii: CO, emissions/removals from the changes in the LULUCF sector (1994 -2012)
Mitigation

Here lies the necessity for the development of mitigation scenarios which are proposed plans and
projects with a potential for emission reduction or sink enhancement of the LULUCF sector.
Taking into consideration the mitigation measures proposed in Lebanon’s Second National
Communication (SNC) to the UNFCCC, the suggested mitigation actions were directed towards
the forest land category which has a major contribution to GHG emissions or removals. The future
projections (2013-2030) of the baseline scenario consisted of average areas of forest land converted
to settlements, average areas of burned forests and average areas of afforestation based on the
trend data of 1999-2012.




Mitigation scenario 1 consisted of maintaining the current extent of Lebanon’s forest and other
wooded land cover and mitigation scenario 2 consisted in increasing the current extent of Lebanon’s
forest and other wooded land cover 7% by 2030. Both scenarios involved the implementation of
Lebanon’s National Strategy for Forest Fire Management (decision no. 52, 2009) which is an
essential part in “reducing the risk of intense and frequent forest fires whilst allowing for fire
regimes that are socially, economically and ecologically sustainable”.
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Figure iii: Net emissions from the changes in the LULUCF sector: baseline versus mitigation scenarios

The reduction potential was about 12.57% and 38.5% for scenarios 1 and 2 respectively (Figure
iii). Scenario 2 has proved to be more efficient in reducing emissions and increasing removals
compared to the baseline scenario; however, scenario 1 was characterized by a shorter term for
implementation and may be the first step to limit the increasing losses in the vegetation cover and
the increasing GHG emissions from forest fires.




The assessment of potential tools for the achievement of the proposed mitigation scenarios
identified four applicable economic instruments in Lebanon: 1) “Payment for Environmental
Services” (PES), 2) subsidy for reforestation, 3) conservation payment programs for land conversion
and, 4) establishment of community forests. Moreover, the analysis of the main issues in the forestry
sector showed that the successful implementation of the proposed mitigation actions would require
an integrated approach involving improved legislation and law enforcement, land use planning,
education and awareness, economic valuation of forests, and funding. In this context, the
“Reforestation Fund” (so-called Sandouk al Tahrij) stipulated by the forest law of 1949 (article 98)
represents a promising source for funding in addition to the government, private sector and
international funding initiatives.




&5.»“"” 1L

@oloall Gulia¥l 5Le Ul poudi o3 o L) 5ais Lt L, UaY | 8uaill aed ) Laalas) ) Ll e IBI1 shagll 5l L) o8
YAYVARE 5l A ol o8 (LULUCE) sl palls a3 aladinl ity ~al,¥1 alodil (e Loalill (Lasall wl5Lal1)
o5 ey Ll 3Ll Glasal 8 (IPCC) ¢ Ll i Lall Llsall LaosSall Langll V ggirall Liagil Ligua il (galidl slaiel o35
sl 3Ll Loyl s yall 43158 skl

L3 s w8y opaalall 5 ST Clagil T p Ll 13 (3 Ul Loyl UBYT elibse s LS aUlai¥] jalaas apaat o a8y
iy el aladi il g LS o8 Gy ST palaaial 80 8ulaply Ll 50l e lila) e asll daisll 3ddill okl ya) s
Aalally sl ¥ alaail

axall adlss

pladil o Ulaidl UI3Y1 ol 5 LGN Laball oLl olilal Ungale L0 Ll o5 Ual) il ol i o il
INY Alpms U1 lides 3 Blam AL 1 g0l Las copsadlll iall (gia e nlyally ol 31 ol iy ual )
(1Sl YA Y 3agVa8E alall e

YA

-YA. .

[0

A PRI

ST

\ .
= VLV X = YeEAE N
4\L‘ A LY.

\\/I/\‘ / \ SARE
v/\\___// \ i

3

il

SRR T

<

— o < > i o w 3~ > — o < > -~ o w

- - - . . o o o <o o <o
. . o o o o o o

> > > > > > > > > - - - - -~ -

VoAV AAE o pall £l 5,18 JYA (e S waeiST A6 bl /A1) ollead slalasy ) Julas (7 J<all

e bl £on s alalion Ve o o) Ll Ul elilasl 8 € aa 1) aalad o LB 35 o et J1 St d i
T B A e al i lin Ve g aliilin Ve g Le) el el 5 a8 (8l 8 s ST ST I
Ll el o (el 8 G5 S T 6 30 (e al i lia TV sn) s 8gll b sandy (Sl s (g S
1) gl Al oy sl Il el ]y S Lol w5 1] olslae a3 d15Y) olslee 3 (ALaASU
Go i lin SYT e dlsn) Sasall Lumpall a1 ey (el 8 G K11 T 5B 0e o al i lin ~Aw g a2 lian -V
PEIVTSTN VORY PR Lol (COR/PUN PV YE TENEA A L RPN | PEN 8 [FN RSPy BN 15y LI QU R C e gl JUPSS ST REST g L % L 9%




(@]
2583l i ey TLaY | SIS Gpay Y edlsad (e Tl Bl o el il U15) o llas oLl | G,lEe & ekl LS
olalee /Byl dlo (7 e at I s (o ISl (gondll) Sasa £ 5lha seal e il Y1 elida o S0 e S
Cre L3l Uy enlS 0 el (agall s Lalally Y1 aludial iy moal Y1 aladid ¢ UsS o sl a8 UIY)
el Aot A e Ll Gasal] 5 oy Bl U155 ¥ A yalls (a1 ol sy (o BIY1 plaii] ¢ LS 6 ol il
s

M
i

4
IS

1 0 ol gt |

<

SRR

> - < > - o w 3 > - < < > ~ o w
— — — . . . . . . o o o <o o o

. . . . . . . . . . . o < e rs g s
> > > > > > > > > > > > > - - - - s s

.@J)MELJ%J;U’ABI .J\gs\g”uﬁgtna ol.\.]n‘gl.‘m—t|)4
I?&j,;qa’f;bbqglj IQULMI—Z:\%PQ’AU [ T3

(Y-NY VA4¢) dalyally al ¥ aladil ity oal ¥ aludtoal p U3 3 0ol wensT 6 @ Blal/All] albe ila : o J<all

ol Ca.aas

oasall 553 o eyl asd LalKs) as o jite payliieg bl a9 o Blas¥l o 830 olags ) lies adg 5550 (oS3 Lia

Aalially a3 il ity 21 aladto ¢ Ul (Sl @Il jalaiel 5,08 )
G i St ) Sl o1 sl 1) oLl ST gl 51 8 s il il ol L ooy G3AT L 135
Ll elbee o Ll wlle @ lilasl 855 iaalose yiad 3l Lanjall o al 9125 g da il 4d23l] okl yal Cngs
Al Lelasad o3 301 Lamjall ol 31 la e ki o cndlls 08 ol i oyl (Y-¥ =Y. \Y) Ll el e Ladsill Lo

YAY-1444 8 sl elalasy ) ebls ) 136w o pall 3hbe olaloe bsios g all o LG slalos bhagioy ol giue




ool Sty s pall ao¥l el o Layes oL (8 LU o (Al aall e Llaall (o V a8, Bl o)l TG
IS Jaminy Y-V ale Yl 7V diis Taapall 2 ¥ el (e Lajd s oLl (3 @ LG e sl Lall 80l) 8Y o8, caaasll
Alae e aally o8 bl e ya oag (Yo 40 ad;y 1LaH) L 351 a8 Libsll Lsballl Laasil i | 35 sy lawd | s

Gy Goluataly Gelaial oluieall 3yl il - Lawad | poo 5,,S30 5 St L1 350 5a

¢o.

s

4
T3 0 el e |6

Yo.

Y..
T T T T T T T T T T T T T T T
s < > ~ © w - » - < < > ~ ) w 3
3 > > > > > > > > > > - - = - - - -
» » » » » » b » » » » » » » » » » »

gyl Jalie Gula¥ ) b s lyally a1 alodil ity il ¥ alodiol p U 3 oludll e ol bla : ¢ JSall
"

o il ST T Y el el (g JSall) sl e ¥ 5 ) sy lacall 5 /7 A0 5 70,0V lsm i il Jlaial oS,
8y il ] e} S il ) gl 5 ¥ a1 21 g e 0,80 15T ke S0ls S Llas¥l e wall
LU 3 a o Sl Eiul] 5 bty LT Uil 3 Sl S0l sall Y1 85hall 50

Jalie il (V50 8 L Jrame Tl sl gal Lasi aaand e o581 il lagsliaan il USall sl gl ol Jaey
5 T s nsial | Sl + L] (£5 e 31 Jpad TRl oLk gals (¥ sgapnll 53LeY wLiled) (¥ oind] wlasall
st ol L ol L] ) il b ) Sl o gl LS ) ULl s 4
B laadl 158 5 Jasaily il golaiiy ] iy a1 aldieal Jm e iy Loy Uity ool clas il Gluns
mlLall g Uil Lagall 1 ZELAYL els Jused uams (3 3aLL1) V468 alal Ll (530 8 e msamil gaadl] Fpaium
gl sl &g




Part 1: Inventory
1. Scope

The Land Use, Land-Use Change and Forestry (LULUCF) sector is a greenhouse gas inventory
sector that covers emissions and removals of greenhouse gases resulting from direct human-
induced land use, land-use change and forestry activities (UNFCCC, 2013). According to the
Intergovernmental Panel on Climate Change (IPCC), the LULUCF sector is described in six broad
land-use categories for reporting national inventories (IPCC, 2003): 1) forest land, 2) cropland, 3)
grassland, 4) wetland, 5) settlements and 6) other land.

Lebanon has submitted two previous National Communications (NCs) reports (1999 and 2011) to
the United Nations Framework Convention on Climate Change (UNFCCC) and the Third National
Communication report (TNC), expected to be submitted in 2015, will update the Greenhouse Gas
(GHG) inventory of Lebanon. The aim of this work was to produce the National Inventory Report
(NIR) of the LULUCF Greenhouse Gas Emission Inventory for the years 1994 up to 2012.
Accordingly, the NIR will involve the use of up-to-date remote sensing techniques which are
expected to allow more precise estimation of land-use and land-cover change areas, including a
trend analysis of the results. Also, it is expected to allow re-calculation of the GHG emissions/
removals for the years 1994 through 2004 due to the availability of new data and the adoption of
a new approach for calculations.

2. National circumstances

Land use is defined through its purpose and is characterized by management practices such as
logging, ranching, and cropping. Land cover is the actual manifestation of land use (i.e., forest,
grassland, and cropland) (IPCC, 2000). Land-Use Change and Land-Cover Change (LUC-LCC)
involve several processes that are central to the estimation of climate change and its impacts
(Turner et al., 1995). In Lebanon, the status of the land cover/land use has been characterized by
a continuous change over the last decades. The lack of land management plans and/or adequate
urban regulations has strongly affected the natural and built environment. This has facilitated
unplanned urban sprawl at the expense of natural landscapes (MoE/UNDP, 2011).

Human intervention has been strong and it is still making a significant impact on current and
future vegetation patterns (FAO, 2011; FAO, 2010). Population growth is a major factor impacting
land resources. Urban areas have been growing horizontally at the expense of agriculture fields,
forested areas, and other natural areas. The construction of new roads and highways in mountain
areas has affected landforms, vegetation cover, and ecosystems.

Several initiatives have been conducted to document and map land cover attributes in Lebanon.
Accordingly, the first land cover attributes were produced in the form of a topographic map (scale
1:20,000) in 1961 by the Lebanese Army in partnership with the French “Institut Géographique
National”. A land use/land cover map of Lebanon was produced by the Ministry of Environment
(MoE) in cooperation with the National Center for Remote Sensing of the National Council for
Scientific Research (CNRS) in 2002. This involved the use of satellite remote sensing data acquired
in 1998. The final map disaggregated land use and land cover into seven main categories (Figure
1) and 23 subcategories (Annex I). According to this map, Lebanon’s forested lands covered 2,588
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km? while the artificial/built up area covered 648 km?*. An updated version of the 1998 land cover/
land use map was recently completed by the CNRS using satellite remote sensing data acquired in
2005. In 2004, the Council for Development and Reconstruction (CDR) published the national
land use master plan for Lebanon. The master plan was approved by the Council of Ministers
(CoM) in 2009 (decree 2366 dated 20-06-2009).
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Figure 1: The 1998 land use/land cover categories

The first national Forest Resources Assessment (FRA) was realized in 2005 by the Ministry of
Agriculture (MoA) with the assistance of the Food and Agriculture Organization (FAO). The results
showed that forests occupied around 13% of the total area of the country. In addition, 10% of the
Lebanese territory was found to be covered by other wooded land (MoE/UNDP, 2011; FAO, 2010).
Broadleaved forests made up 57% of the total forest cover whereas coniferous forests made up
32%, and the other 11% are mixed forests. The most abundant forests were oak forests covering
52% of total forested areas, while pine forests made up 15% and juniper about 9%. Cedar and fir
forests were much less abundant but nonetheless they represent habitats to many endemic and
threatened plant species (MoE/UNDP, 2011; FAO, 2005).

Increasingly, Lebanon’s forests, which include remnants of valuable broad-leaved trees, conifer
forests and evergreen trees that cover the Lebanese mountains in patches, are exposed to
degradation due to quarries, urbanization, pests and diseases, fires, wars, human neglect, improper
management, outdated laws, and poor law enforcement. Like other Euro-Mediterranean countries,
fires have been especially damaging to Lebanon’s forests in recent years, representing one of the
most important elements that destroy Lebanon’s natural resources. Moreover, the absence of a
national forest management strategy and the lack of human and technical resources contribute to
the degradation of Lebanon’s forests.

The problem of forest fires in Lebanon is complex. It concerns all the aspects related to forest
management, prevention, suppression, and post fire management. It is a problem having several
authorities involved in this subject from different institutions and a problem of forest policy and
legislation, at the administration level, as much as it is a problem of equipment and capacity
building. Despite the increased efforts, fire issues increasingly threaten forest ecosystems and
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economic development in Lebanon. Accordingly, a National Strategy for Forest Fire Management
(AFDC/MoE, 2009) was developed and endorsed by the Lebanese CoM in 2009 (decision no.
52/2009). The aim of this strategy was to reduce the risk of intense and frequent forest fires whilst
allowing for fire regimes that are socially, economically and ecologically sustainable. Currently,
the MoA is in the process of developing a National Forest Plan (NFP) supposed to take into account
what has been agreed on in Lebanon’s National Strategy for Forest Fire Management (AFDC/MoE,
2009). Until present, data on fire occurrence and affected surfaces in Lebanon is still not mutually
consistent, homogenized and unified at the national level. However, an attempt has been made in
2008 to adopt the forest fire common identity card based on the decision taken by the Presidency
of CoM: decision no. 256 dated 01-03-2008. The use of this identity card by involved administrations
during post-fire assessment is expected to lead to the unification of information and data. Most
recently, the Ministry of Environment (MoE) has started collaboration with the Biodiversity Program
(BP), at the Institute of the Environment (IOE), University of Balamand (UOB) to systematically
document and analyze fire data with the use of the completed fire identity cards.

Overall, the lack of land management in Lebanon is the cause for the over-exploitation and
degradation of lands in many areas. It is estimated that 84% of the Lebanese territory still does not
have adequate master plans, which has allowed for a lot of chaos when it comes to construction
or any activities that change land cover and land use (MoE, 2012). It is estimated that there are
about 1,278 quarries in Lebanon covering an area of 5,267 ha (MoE, 2012). Most recently, an
indicative research study conducted showed that the largest area of artificialization on the coastal
zone of Lebanon between 1998 and 2010 affected grasslands followed by forests and agricultural
lands, consecutively (UNEP/MoE, 2013). Furthermore, it was found that wetland decreased by
47%, grasslands by 27%, and forests by 9%. Further investigation showed that most of artificialization
in grassland affected moderately to highly dense vegetation, while most of the artificialization in
forested land affected shrublands.

In an attempt to tackle deforestation and to preserve what is left of natural areas, Lebanon has
created, until now, 10 nature reserves, 3 biosphere reserves, 16 protected forests, 16 protected
natural sites/landscapes, 4 Ramsar sites, 5 World Heritage Sites (WHS), and 15 Important Bird
Areas (IBA) (MoE/UNDP, 2011). Reforestation and afforestation combined with the implementation
of Lebanon’s National Strategy for Forest Fire Management (AFDC/MoE, 2009) are some of the
main activities that can help in maintaining and increasing Lebanon’s forest cover. Pioneer
reforestation projects have started during the late 1960s and early 1970s. During the past decade,
Lebanon has initiated a number of programs/initiatives to restore forested lands. Such programs/
initiatives included: 1) the development of the National Reforestation Plan (NRP) by MoE in 2001,
2) the development of the National Action Plan to Combat Desertification by the MoA in 2003, 3)
the development of the project “Safeguarding and Restoring Lebanon’s Woodland Resources” to
complement what has been started under the NRP in 2009, 4) the launching of Lebanon
Reforestation Initiative (LRI) in 2012 with the support of the International Program of the United
States Forest Service (USFS) to provide needed support in large-scale reforestation activities across
the country, 5) the launching of the project “planting four million forest trees” by the MoA in 2012
and 6) the simultaneous implementation of several initiatives by local Non-Governmental
Organizations (NGOs).




3.  Gaps and constraints identified by INC and SNC

Lebanon’s Initial National Communication (INC) (MoE and UNDP, 1999) and the Second National
Communication (SNC) (MoE/UNDP/GEF, 2011) have faced a considerable amount of constraints
while developing the national estimates of GHG emissions of the LULUCEF sector, especially when
it comes to the availability of data required for the estimations. Table 1 represents the gaps and
needs identified in the INC and SNC in relation to LULUCF.

Table 1: Gaps and needs for the calculation of GHG emissions identified in the INC and SNC

Initial National Communication Second National Communication

- Lack of information and records of data

changes in forestry and other woody bio-

mass stocks at the institutional level

- Lack of comprehensive studies of forests

- Lack of studies on annual growth rate for

fruit trees

- Lack of data related to urban trees

- Lack of data on illegal forest and grassland - No national monitoring system

conversion to cropland - Few studies and reports on forestry

- Lack of quantitative data on the abandoned - Lack of sufficient funding for research

terraced lands, and systematic monitoring - Lack of required equipment

for ecological indicators - Lack of consistency in data collection

- Lack of technology and monitoring equip- - Deficiencies in technical expertise and
G ment cooperation between different research

4P _Lack of proper data dissemination bodies
prop

- Use of rough estimates for forest and tree - Overlapping mandates of different

species type agencies

- Use of rough estimates for the number of - Lack of data management systems

urban trees - Lack of specific emission factors of

- Consideration of only woodland fires asa  greenhouse gases
reason for carbon dioxide (CO,) emissions

under forest/grassland conversion

- Use of inconsistent information for terres-

trial observations

- Use of data for ecological observations that

are specific to projects (limited in time and

objectives)




Initial National Communication Second National Communication

- Equipment including installation of gaug-
ing stations, monitoring stations, and main-
tenance of the existing ones

- Data dissemination including building
database, standardization of reporting
procedures, cooperation between public
and private sectors, and the use of monthly
bulletins

Needs

4.  Methodology

- Modernization and reorganization of
climate monitoring services

- More availability and better quality of
data

- Training for individuals and research
institutions

- Development of growth models for
different forest types

- Update of forest map to a scale of
1/20,000 showing distribution per forest
type

- Improvement of access to data and
information

- Development of systematic observation
systems

- Development of legal and institutional
status

- Integration of private, public sectors
and international agencies

- Capacity building in climate modeling,
data handling, operation and mainte-
nance of equipment used

- Identification of key indicators and
vulnerable areas

- Establishment of monitoring system for
snow

- Centralization of data management

- Organization of standardized inventory
systems

- Establishment of a specialized scientific
coordination body

- Enhancing terrestrial and ecological
systematic monitoring

4.1. Adopting the IPCC Good Practice Guidance (GPG) for the LULUCF sector

For the first time in Lebanon, the preparation of the LULUCF section of the inventory followed the
2003 IPCC “Good Practice Guidance for Land Use, Land-Use Change and Forestry” (IPCC GPG
for LULUCF), which adopts a land use category-based approach to estimate emissions/removals

from all land categories and all relevant GHGs.

Adopting IPCC GPG for LULUCF for GHG inventory involved the following steps (Figure 2):




1 2
Select national Conduct key 3 :
land-use classification > source/sink category > Selelct thle appropriate
system analysis tier leve
\4
5 6
4 Collect Select the method of
Assemble activity data > Emission/Removal (E/R) > estlmgtlon a‘nd‘
factors quantify emissions and
removals
\4
8
- Adopt Quality 9
. , —>| Assurance/Quality —> | Report GHG E/R using
E
stimate uncertainty Control (QA/QC) reporting tables
procedures
\4
10
Document and archive
all information
Figure 2: Steps for adopting the IPCC GPG for LULUCF
More specifically, this included the following:
1. The nationally adopted land-use classification system of the land cover/land use map of 1998

was employed for the inventory estimation (Annex 1). Each land category was further
subdivided into lands remaining in the same land use (for example, forest land remaining
forest land) and lands converted into another land-use category (for example, forest land
converted into cropland) during the inventory period (IPCC, 2003).

2. The key category analysis recommended by the IPCC GPG for LULUCEF is performed to
identify those categories that have the greatest contribution to overall inventory uncertainty
and thus prioritize efforts to improve their overall estimates. However, this analysis is an
iterative process and initial estimates are needed for each subcategory to perform the analysis.
Because of the absence of complete and reliable inventory estimation for the LULUCF sector
in Lebanon up until now, the analysis was not performed. All the categories and subcategories
were accounted for in the inventory estimation depending mainly on the data availability
about each land use category (Table 2).
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10.

Selection of the appropriate tier level for the land categories and subcategories, non-CO,
gases and carbon pools, was mostly based on the resources available for the inventory
process. Tiers correspond to a progression from the use of simple equations with default
data to country-specific data in more complex national systems. The tier 1 approach, which
employs the basic method and the default emission factors provided in the IPCC guidelines,
was typically used in these inventory calculations. Tier 2 uses the same methodological
approach as tier 1 but applies emission factors and activity data which are defined by the
country. Tier 2 was applied in some cases when country-specific emission factors and
activity data were available from literature or through surveys. Tier 3 approach uses higher
order methods including models and inventory measurement systems. Tier 3 was only used
for the selection of activity data in conjunction with approach 3 when possible.

The required activity data were gathered for the inventory years 1994 up until 2012
depending on the tier selected (tier 1, tier 2 or tier 3). The representation of most land-use
areas and land conversions however, was done following the approach 3 which is a tier 3
level methodology used in the selection of activity data. It is the most complex, accurate
and spatially explicit method, provided by the IPCC GPG for LULUCF, which ensured the
consistency of the inventory calculations. The tier levels of the activity data acquired by
surveys and personal communications depended on the accuracy and completeness of the
nationally available estimates.

The sources of emission/removal factors for the years 1994 up until 2012 included regional,
national and global databases, forest inventories, national GHG inventory studies and
surveys, and use of the Emission Factors Database (EFDB) default values provided by the
IPCC.

Appropriate equations were used to quantify the emissions and removals, and default
worksheets provided in IPCC GPG for LULUCEF (IPCC, 2003) were adopted.

The uncertainty assessment was conducted by using default uncertainty values from the
IPCC GPG for LULUCF and values from published sources for country-specific data.

Quality Control (QC) procedures were adopted to ensure data integrity, correctness and
completeness, in addition to identifying errors and omissions.

GHG emissions and removals were reported using the UNFCCC reporting tables.

Documentation and archiving was conducted for all information used to produce the
inventory, including all activity data, emission/removal factors, sources of data (Table 3),
methods used and QC procedures adopted for different land categories and management
systems, and carbon pools and non-CO, gases.




Table 2: Land use categories and subcategories, carbon pools and non-CO, gases accounted for in the inventory

estimation of the LULUCF sector in Lebanon

Estimations not
required for
calculation?

Estimations
calculated’

No activity data

Categories Subcategories available

Forest land remaining forest land X
Forest land
Land converted to forest land X

Cropland remaining cropland X
Cropland
Land converted to cropland X

Grassland remaining grassland X

Grassland

Land converted to grassland X

Wetland remaining wetland X
Wetland
Land converted to wetland X

Settlement remaining settlement X
Settlements
Land converted to settlements X

! Estimations are calculated for the following carbon pools and non-CO, gases depending on data availability: Above-Ground
Biomass (AGB), Below-Ground Biomass (BGB), Dead Organic Matter (DOM), litter and soil carbon, methane (CH,), nitrous oxide
(N,O), carbon monoxide (CO) and nitrogen oxides (NO ).

2 Lebanon is considered as a Non-Annex | party in the UNFCCC.

4.2.Data collection

Data collection for the inventory years 1994-2012 was conducted using satellite remote sensing
and Geographic Information System (GIS) techniques, literature reviews, and surveys. Table 3 rep-
resents the type of data sources and databases used in the data collection process.




Table 3: Type of data sources and databases used for data collection

Type of data source ‘ Databases

Online database, global Food and Agriculture Organization Statistics (FAOSTAT),
databases EFDB, Google Earth

Altas et al. (2007)
Aksu et al. (2001)
Gerard, J. A. (2009)
Mitri et al. (2012)
Scientific articles and papers ~ TRAGSA (2012)
Darwish, T., and Faour, G. (2008)
AFED (2010)
Hreiche, A. (2009)
IPCC (2003)

FAO (2005)
FAO (2010)

5 SPOT imagery (2.5 m)
30 Landsat TM and ETM+ imagery (25 m)

National reports

Satellite imagery

Land cover/land use map of Lebanon of 1998

Annual rainfall map

Fertility and pedology maps of Lebanon (scale 1/200,000)
Digital Elevation Model (DEM) of Lebanon (25 m)

Maps

Mr. Elie Chneis (Association for Forest, Development and
Conservation (AFDCQC))

Mr. Jean Stephan (MoA)

Dr. Talal Darwish (CNRS)

Mr. Joseph Bechara (LRI)

Mr. Garo Haroutunian (MoE)

Mr. Raymond Khoury (Greenplan)

Surveys and personal
communications

4.2.1. Activity data

Collection and calculation of the activity data (Annex Il) was conducted following three
methodologies depending on the availability and type of country-specific data:

- Approach 3 within IPCC GPG

- Surveys and personal communications

- Extrapolations and interpolations




The top-level land categories which were considered in the change detection mapping using
approach 3 (based on the IPCC GPG for LULUCF) were the following (IPCC, 2003): forest land (F),
cropland (C), grassland (G), wetland (W), settlements (S) and other land (O). The definitions for
these categories according to the national classification system based on the land cover/land use
map of 1998 are listed in Annex |. The abbreviations FF, GG, CC, WW, SS, OO denoted land-use
categories undergoing no conversions; and the abbreviations LF, LG, LC, LW, LS, LO denoted land
conversions to these land-use categories:

FF Forest Land remaining Forest Land LF Lands converted to Forest Land
GG  Grassland remaining Grassland LG  Lands converted to Grassland
CC  Cropland remaining Cropland LC  Lands converted to Cropland
WW  Wetland remaining Wetland LW  Lands converted to Wetland

SS Settlements remaining Settlements LS Lands converted to Settlements
OO  Other Land remaining Other Land LO  Lands converted to Other Land

The approach 3 methodology allowed the generation of data about land use changes such as
forest, cropland and grassland conversions to settlements as well as the extent of burned areas in
forest, cropland and grassland.

It is to be noted that satellite images from the years 1993, 1994, 1995, 1996, 1997, 2001, and
2009 were not used due to lack of high quality images (e.g. low cloud coverage, non-extensive
shaded areas, etc.). The inventory year 1998 was considered a reference year and the areas
extracted from the land cover/land use map of 1998 were considered as reference values. It was
assumed that no land use changes happened in the year 1998.

As it was not possible to generate all the activity data using approach 3 due to the limited use of
satellite data, surveys and personal communications were conducted which revealed a significant
data gap in the LULUCEF sector in Lebanon. Accordingly, it was only possible to gather data about
lands converted to forests through communication with the MoA, the MoE, the Association for
Forest Development and Conservation (AFDC), and the LRI (Annex Il) for the period 1999-2012.

As there is no data available for the period 1994-1997 using approach 3, the land use Forest Land
remaining Forest Land (FF), Grassland remaining Grassland (GG), Cropland remaining Cropland
(CC) and land use change, Land converted to Settlements (LS), areas for these inventory years were
generated by extrapolation of the trend over time (1999-2012) in order to keep the consistency of
the time series. However, the trend was not constant for the burned areas and for the afforestation
areas, Land converted to Forest Land (LF); therefore linear extrapolation could not be used for
these subcategories. In addition, the lack of surrogate data resulted in gaps for the period 1994-
1997 in comparison with the period of 1999-2012. Accordingly, the extent of burned areas and
afforested areas were not estimated for the period 1994-1997. Areas of land converted to settlement
were interpolated for the years 2001 and 2009 due to lack of good quality satellite imagery on
those years.




4.2.2. Emission/Removal (E/R) factors

Collection of the Emission/Removal (E/R) factors was done following two methodologies according
to the availability and type of data:

- Tier 1: IPCC GPG default data or assumptions

- Tier 2: country-specific data from global databases, literature or surveys, and personal
communications

A complete list of the E/R factors investigated and reported in the UNFCCC reporting tables for the
calculation of GHG emissions and removals from 1994-2012 was provided in Annex IlI.

E/R factors were collected or calculated (by averages and extrapolations) for each category
depending on the disaggregation level required by the GHG emission/removal calculation method
and depending on the data availability (Table 4 and Annex Ill). Detailed calculations, values and
sources of all the E/R factors were reported and documented in the UNFCCC reporting tables.

Table 4: Land use categories and required disaggregation levels*

Land use categories Disaggregation levels

- Broadleaf (including shrub lands and woody perennials)

Forest land - Coniferous
- Mixed
- Annual
Cropland - Perennial
Grassland - Grasses (excluding woody perennials)
Wetland - Flooded areas (artificial reservoirs and hill lakes)
Settlement No disaggregation is required
Other land No disaggregation is required
- Fuel type 1
- Fuel type 2
Burned areas (forest land and - Fuel type 3
grassland) - Fuel type 4
- Fuel type 5

- Fuel type 6 and 7

* See Annex |

4.3. Uncertainty assessment

This assessment considers source-specific uncertainties relevant to inventory estimates made for
each land category. In this work, the following types of uncertainties were identified and combined
to e