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The Potential of Mesoamerican Coffee Production
Systems to Mitigate Climate Change

Abstract

A carbon footprint is used to define the amountgodenhouse gas (GHG) emissions
emitted along supply chains and is the first stewards reducing GHG emissions.
Carbon footprint standards have emerged as neweamnaeguirements for producers of
agri-food products to retailers in developed caestrand are likely to become a
comparative advantage. In the coffee sector spadyilittle literature and data on the
carbon footprints of different coffee productionssgms and supply chains exists.
Furthermore various actors in the voluntary statidammunity such as the ISEAL

Alliance and the TSPN Network call for a verificati of the impact of voluntary

standards on climate change mitigation. TherefoldGGdata from different coffee

production systems and voluntary standards has te®piled and compared regarding
on-farm carbon stocks and the carbon footprint.

To quantify the on-farm carbon stocks and carbatpionts a GHG quantification model,
the Cool Farm Tool (Hillier et al., 2011) has bersed. The Cool Farm Tool uses the Tier
Il methodology of the Intergovernmental Panel onm@te Change (IPCC, 2006) and is
based on empirical GHG quantification models bfritm hundreds of peer-reviewed
studies. Field data has been collected in four tmsacross Mesoamerica from the
coffee production systems that are distinguishedMoguel and Toledo (1999): (1)
traditional polycultures, (2) commercial polycuktsr (3) shaded monocultures, and (4)
unshaded monocultures. The researched productistersy also include organic,
Rainforest Alliance and UTZ certified farms.

The results show low mean carbon footprints of e®ffproduced in traditional
polycultures (5,4 kg C®e/kg') and commercial polycultures (4,9 kg €&kg!) versus
high mean carbon footprints at shaded monocult(ifés kg CQ-e/kg") and unshaded
monocultures (8 kg C&e/kg?). The same trend is observed concerning on-fammoca
stocks; polycultures (81,2 t G@/ha') versus monocultures (27 t G@&/ha'). The
analysis further demonstrates a lower carbon fautpt organic, Rainforest Alliance and
UTZ certified farms although this effect is largelgunteracted by lower yields. Based on
the results a framework for site-specific mitigatibas been developed to assist coffee
farmers in defining climate friendly farm practicesid accelerate climate change
mitigation in Mesoamerican coffee production.

Keywords: Carbon footprint, climate changeoffea arabica Coffee eco-system
conservation, Cool Farm Tool, Mesoamerica, Siteifipe mitigation, Voluntary
standards



El Potencial del Sistemas de Produccion de Café
Mesoamericanos para Mitigar Cambio Climatico

Resumen

Una huella de carbono esta utilizada para defmicdntidad de los gases de efecto
invernadero (GEI) emitido por delante cadenas aeirsstros y es el primero paso para
reducir emisiones de GEI. Las estandarizacionela theiella de carbono han aparecido
como necesidades nuevas del mercado para produdergroductos alimenticios a
revendedores en paises desarrollados y se coAveriiruna ventaja comparativa de
mercadeo. Especificamente en el sector café hegyIgeratura y datos sobre las huellas
de carbono de diferentes sistemas de produccidépnatie y cadenas de suministros.
Ademas varios actores en la comunidad de las esiaadiones voluntarias como el
ISEAL Alianza y la red TSPN preguntan por una veafion del impacto de los
estandares voluntarias a mitigacion del cambio &tico. Por ello se compilaron y
compararon datos de GEI de diferentes sistemasatkigrion de café con respecto al
carbono almacenado y la huella de carbono.

Para cuantificar el carbono almacenado y las raidiacarbono se utilizaron un modelo
que cuantifica emisiones GEI; el Cool Farm Tooll{gti et al., 2011). El Cool Farm Tool
utiliza el Fila Il metodologia del Grupo Intergubamental de Expertos sobre el Cambio
Climatico (IPCC, 2006) y es basado en modelos eoagique cuantifican emisiones GEI
que son construido desde cientos de estudios Spileoom datos del campo en cuatro
paises en Mesoamérica de los sistemas de produteiéafé diferenciados por Moguel y
Toledo (1999): (1) policultivos tradicionales, (3)olicultivos comerciales, (3)
monocultivos con sombra, y (4) monocultivos sin boan Los sistemas investigados
también incluyen fincas que estan certificados miggdnente, de Rainforest Alianza y
uTZ.

Los resultados muestran huellas de carbono en piiont@jos de café producido en
policultivos tradicionales (5,4 kg CO2-e/kg-1) ylipoltivos comerciales (4,9 kg CO2-
e/kg-1) y huellas de carbono con promedios altosndeocultivos con sombra (7,8 kg
CO2-e/kg-1) y monocultivos sin sombra (8 kg COZjelk Se observan la misma
tendencia en cuanto al carbono almacenado; paVoslt(81,2 t CO2-e/ha-1) contra
monocultivos (27 t CO2-e/ha-1). El analisis por fmmas demuestra una huella de
carbono mas baja en las fincas que estan ceriifioeghnico, Rainforest Alianza 'y UTZ
aungue este efecto es en su mayor parte neuti@lEadcosechas mas bajas. Basado en
los resultados se desarrollarlo un marco tedrica patigacion especifico por sitio para
asistir productores de café en definir practicasgabtes con el clima en cafetales y
acelerar mitigacion del cambio climatico en prodaicce café en Mesoamérica.

Palabras claves:Cambio climatico,Coffea arabica Conservacion del ecosistema de
café, Cool Farm Tool, Huella de carbono, Mesoamétititigacion especifico por sitio,
Normalizaciones voluntarias
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Introduction

1 INTRODUCTION

According the Intergovernmental Panel on Climatear@je Fourth Assessment Report
(IPCC, 2007) global temperatures increased by 0G4luring the 20th century. Most
scientists agree that this warming in recent des&@ds been caused by human activities
such as the burning of fossil fuel and deforestatihich have increased the amount of
greenhouse gases in the atmosphere (Oreskes, Zafdje climate model projections
(IPCC, 2007) indicate that global temperatureslikedy to rise a further 1.1 to 6.4 °C
during the 21th century depending on different siois scenarios. Lu and Jian (2007)
argue that a further increase in global temperatillecause sea levels to rise and will
change the amount and patterns of precipitatioziuding the expansion of subtropical
deserts. Responses to global warming as proposddeirsigned and ratified Kyoto
Protocol (UNFCCC, 2009) includes the mitigationtbé amount of greenhouse gases

emitted into the atmosphere.

Especially in subtropical land regions such as Mewrica rising temperatures will
negatively affect food production and increase pegibreaks (IPCC, 2007). In this region
crops like coffee form the backbone of thousand&awfilies” livelihoods and contribute

significantly to national agricultural Gross Domedroducts (GDP’s).

1. I:l Enteric fermentation (CH,) - 21%
2. - Ag residue burning (CH, N,O) - <1%

1, - Manure management [N}_O) - 2%

4. Manure management (CH,) - 8%
5, Rice cultivation (CH,) - 1%
6. I Ag soil management (N,0) - 68%

Figure 1: Agricultural GHG emissions.
The pie chart presents the different agriculturbiGzemissions by source (mean from 2001 to 2005).
Source: Environmental Protection Agency (EPA), 200/&ntory report.

But agriculture is besides suffering from the effeaf climate change also contributing
significantly to the climate change effect itseMgriculture alone is responsible for 14

percent of global GHG emissions, mainly as a resfilsoil erosion, poor irrigation
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practices, the uncontrolled use of fertilisers attter agrochemicals, biomass burning and
livestock production (EPA, 2007; Figure 1). Whemodestation from farmland expansion
and tree plantations is included into the calcafetj agriculture is estimated to account
for 30 percent of total GHG emissions globally (IPQ007).

Specifically in the coffee sector the first sighattthe need for climate change mitigation
in agricultural supply chains is recognised areibles Frontrunners among private
companies such as Nestlé and Tchibo started wiimaing the amount of emitted
GHG’s in some of their coffee supply chains by nseahapplying Life Cycle Analysis
(LCA) and Product Carbon Footprint (PCF) method@sdNestlé, 2002; Tchibo, 2008).
On the macro level of the international trade séadsl, the Trade Standards Practitioners
Network (TSPN) dedicated its last annual conferetaceexplore the role that trade
standards can play in contributing to climate cleamgtigation (TSPN, 2010). As well the
International Social and Environmental Accreditatiand Labelling Alliance (ISEAL
Alliance) is currently implementing a program tlems at supporting its members—
standard setting organisations—to upscale theiortsffto mitigate climate change.
Individual voluntary standards active in the cofsaetor such as Rainforest Alliance and
the Common Code for the Coffee Community (4C Asziomm) are already actively
working on designing standards that can encouradevalidate climate friendly coffee
farming (Rainforest Alliance, 2011; Sangana PPR120

Due to ongoing work by scientists it is well undecgl how different agricultural
practices are impacting the GHG emission balanegaRling carbon sequestration is
recognised that agroforestry systems store motwoahan unshaded systems (Flynn and
Smith, 2010). Concerning the emissions from agticalit was found that the application
of fertilisers is causing )0 induced CQ@ emissions (Bouwman, 1990; Granli and
Bockman, 1994). As well GHG emissions from the picithbn of fertilisers arise which
are the result of industrial processes (Kongsha988). Furthermore the production of
pesticides is a major worldwide contributor to Gle@issions (Bellarby et al., 2008).
Finally Von Enden and Calvert (2002) found that weicessed coffee can generate and
discharge up to 20.000 liters of wastewater perctaffee cherries processed which emits

high quantities of Cllinto the atmosphere.
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1.1 Problem definition

Although the current state of science combined wiftrong interest from voluntary
standard actors and the coffee private sectorlifmate change mitigation are
encouraging, there still exist knowledge gaps pinavent stakeholders along coffee
supply chains to make informed decisions in de§riimgh-impact climate change

mitigation strategies. These knowledge gaps conatenaround:

Carbon footprints — Are already applied by various stakeholders incibiéee sector
(Nestlé, 2002; Salamone, 2003; Tchibo, 2008) tionede the impact of specific supply
chains on the climate. But the results cannot Inepewed as the methodolodiepplied
and the emission factors included in the calcutetigary widely. Furthermore the
existing carbon footprints of coffee supply chaahsays consist of one case study and
therefore fail to bring forward the differenceseimissions and carbon sequestration

occurring in various coffee farming systems.

Voluntary standards — The ISEAL Alliance argues that although voluntargndard
systems have the potential to contribute to miiigeéfforts, this potential has not yet
been realised Furthermore the ISEAL Alliance states that tHfeefve and efficient
entry point for contribution by voluntary standatdsnitigation has to be explored. This
argument is further grounded by the members oT®RN Network that call for research
to verify the impact of voluntary standards on @techange mitigation (TSPN, 2010).

Mitigation practices — Although the effect of different agricultural pteaes on GHG
emissions and carbon sequestration is known (I08152Bouwman, 1990; Bellarby et al.,
2008), the current state of science lacks a congpighe overview of those climate
change mitigation practices that have been provdie tmost effective in different coffee

production systems specifically.

1 1SO 14067 Draft Product Carbon Footprint Stand#/&| Product Life Cycle Accounting and Reporting
Standard, UK PAS 2050 Product Carbon Footprintdtedy ISO 14040 Life Cycle Assessment

2 Trough own participation in a joint GIZ/ISEAL waskop: Supporting ISEAL Members to Scale-Up their
Efforts to Mitigate Climate Change.27 and 28 Octdi#10, GIZ House, Bonn, Germany
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Based on the latter key areas that highlight tice$area for further research the

following problem definition has been defined:

There exists a lack of knowledge on how differesffee production systems and

voluntary standards have an impact on climate olhang

1.2 Research formulation
1.2.1 Objective

To quantify the effects of different coffee prodootsystems and voluntary standards on
climate change. To develop a framework for effextolimate change mitigation on

coffee production level.

1.2.2 Questions

Main question
What is the difference in on-farm carbon stocks #redcarbon footprint of coffee grown

in different production systems?

Sub questions

1. What is the difference between four different ceffeoduction systems
distinguished by Moguel and Toledo (1999) regardingarm carbon stocks and
the carbon footprint?

2. To what extend have organic, Rainforest Alliance "if Z certification systems
an impact on the on-farm carbon stocks and theocaidotprint?

3. How is the yield level of different coffee produisystems impacting on climate
change?

4. Which agricultural practices are most effectivenitigating the effects of climate

change on coffee production level?
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2 BACKGROUND

2.1 GHG quantification studies in the coffee sector

2.1.1 Life cycle assessment applied in coffee praction

Salamone (2003) used a LCA to—among other enviromahe=ffects—quantify the
effect of coffee production on GHG emissions. L&GAimethodology used for analysing
and assessing the environmental loads and potemv@lonmental impacts of a material,
product or service throughout its entire life cyclom raw materials extraction and
processing, through manufacturing, transport, use final disposdl The author took
three stages into account; production, processaeggning and consumption. The results
show that the processing/packaging stage of theareked coffee supply chain
contributed the least to GHG emissions with 1.7ceet. Cultivation had much greater
GHG impacts, contributing with 12 percent to théakcamount of GHG emissions.
According to Salamone (2003) more than 80 percénthe GHG emissions in the
researched supply chain are attributed to the ecopsan of the coffee. The study is
largely based on a general coffee production systednnot taking into account different
farming systems and geographical contexts. A Yiglare of 190 kg/hais assumed as an
average and used throughout the study. As well oné/coffee processing method —dry
processing—and average fertilisation scenarios hbeen used by the authors.
Consequently the study is not able to attributeleof GHG emissions to different coffee
production systems and bring forward context speciimate change mitigation focus

points on farm level.

2.1.2 Nescaf€lassiclife cycle assessment

Nestlé is as well applying a LCA approach to astesemitted GHG’s from farm to fork
in various supply chains. These studies are usédeisyié to work with its stakeholders to
define and implement improvements regarding clintéitgnge mitigation. The following
GHG emission factors have been included in a caedutlestlé coffee LCA study;
production of agricultural raw materials, producmafacturing, packaging, distribution,
consumption and end-of-life disposal. The resuisasthat at the Nescafé Classic coffee
product approximately 50 percent of the total eperge occurs during the consumption

phase. The study also showed that overall, NesChfgsic uses about half the energy,

%SO 14040: 1997. Environmental management. Lifdepssessment. Principles and framework.
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emits about half the GHG’s and consumes about hiwdg of the amount of water

compared to drip-filter coffee. The data preser(fddstlé, 2002) does not go in-depth
regarding the focus area of this research; coffedyztion level. Furthermore it remains
unclear which emission and sequestration factove baen taken into account or left out

in the study.

2.1.3 Tchibo product carbon footprint

In 2008 and 2009, Tchibo was active in the Germ@h Pilot project which was initiated
by the World Wildlife Fund (WWF), the Oko-InstitetV. and the Potsdam Institute for
Climate Impact Research. The project set out toutale the product carbon footprints of
various consumer goods. In the project Tchibo dated the product carbon footprint of
a Rainforest Alliance certified coffee product (il 2008). All stages of the lifecycle
were reviewed, especially with regard to the kayrses of CQ emissions, known as “"hot
spots”. The study revealed that the carbon fodtpfithe coffee product researched is 8.4
kg CO-e per kg coffee produced, processed and consuiexr.conclusions from the

study are:

1. Coffee farming is one of the two GHG emission hpadts, primarily due to the use
of agricultural materials such as fertilisers aedtides.

2. The second major source of €@missions is coffee preparation. In other words,
the consumer’s choice of how to prepare the coffeehe machine used for
preparation can contribute to reducing the carlootpfint.

3. By comparison, the roasting and packaging of tifeeepand its transport along
the value chain, are of minor significance in theerall footprint according
Tchibo.

The study conducted by Tchibo provides a detailgtin® on what happens in terms of
emitted GHG’s on coffee production level includiagquantification of the different
emission factors. This allows for the statementt ttitee use of agrochemicals in
contributing most to GHG emissions on coffee pradumclevel. Still only one farm has
been researched in this study and this happened to coffee plantation. How the data
from this single plantation relates to the numerotkeer coffee production systems and
especially smallholder farming remains unclear. €hessions of Ckloccurring during

coffee fermentation and the generation and disehafgvastewater has been left out of
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consideration completely in the assessment. Fumibier the main strength of coffee
farming systems to sequester carbon in soils aglibiomass has been ignored as well

in the research conducted by Tchibo.

2.2 Science on emissions from agricultural practice

2.2.1 Carbon sequestration in biomass

Every coffee production system is able to sequeséebon in biomass whereby the
literature supports that agroforestry systems stooee carbon than unshaded systems.
Although unshaded coffee plantations sequesteronam coffee plants, shading these
systems increases their carbon concentrations.fiflgig applies throughout the tropics
(Lal, 2005; Davidson, 2005; Anim-Kwapong, 2009; IBdy et al., 2008; Flynn and
Smith, 2010). In these studies carbon stocks aenaheasured in; (1) above ground
biomass, defined as shade trees, coffee shrubstamdand (2) below ground biomass,
defined as soil organic carbon and carbon storetbat biomass. A wide variety of
studies are available stating figures on carbomiesigred in coffee farms. A selection is
presented in Table 1 with a focus on studies woitimes form of reference to a particular
coffee production system or management level amdiest that are conducted in the area

of interest; Mesoamerica.

Table 1: Carbon sequestration studies in Mesoamericanegifeduction.
Partly adapted from: Estudio de Linea Base de Qarlen Cafetales. Castellanos et al. (2010).

Reference and Production Carbon stock Carbon stock Annual carbon
location system coffee plants shade trees sequestration
t CO,-e hat' t CO,-e hat' t CO,-e hat yr*
Aguirre, (2006) Natural ) 476 i
coffee
Traditional ) 356 i
polyculture
Shaded 231
Chiapas, Mexico | monoculture i ' ]
Mena, (2008) Coffee shaded 23 226 i
Costa Rica with Cordia spp. ' '
Soto-Pinto et al. | High
(2009) management 147.2 3.4
Medium 115.9 2.7
management
Low
Chiapas, Mexico | management 84.5 21
Soto-Pinto et al. | Coffee under
(2010) diversified shade - 39.4 -
Chiapas, Mexico
Castellanos et al. | 135 shaded coffee
(2010) farms, Rainforest 7.3 36.1 -
Guatemala Alliance certified
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This data regarding carbon sequestration in cgfi@eluction systems is all measured
using the same unit of measurement (L@Ma’) and the studies are all conducted in
Mesoamerica. This allows thus for some form of carrgon. Aguirre (2006) shows that
natural coffee production systems are sequestérgiger amounts of carbon compared to
shaded monocultures. This finding is further stteaged by Soto-Pinto et al. (2009) who
show that high management systems sequester hégheunts of carbon versus their
lower management counterparts. It remains uncleaugh what exactly defines a high
management system and a low management systenmms & agricultural practices.
From the current available data one is unable tkenstatements regarding the effect of
voluntary standard systems on carbon sequestrafienwell there is a very limited
amount of data available for annual carbon sectimtr (t CQ-e ha® yr'). Only Soto-
Pinto et al. (2009) report figures on annual carBequestration in coffee production
systems (Table 1). Furthermore in a wide varietyhie data reported by the different
authors can be observed. This is the consequengecohsistency in quantification
methods and data collection procedures betweesttithes. As well some studies take
only into account above ground biomass where otimetsde below ground biomass as

well in the quantifications.

2.2.2 Emissions from fertiliser production and appkation

From the carbon footprint studies presented inptte¥ious chapter it can be concluded
that the main GHG emissions occurring on coffeedpction level arise from the
production and application of fertilizers. The apalion of fertilisers is causing X0
induced CQ emissions. This refers to the emissions occurrfmgm microbial
nitrification processes in soils. The processesxidation from ammonium to nitrate and
the reduction of nitrate to gaseous forms of ngrogre the source of,@ emissions
arising from fertiliser application (Bouwman, 1998ranli and Bockman, 1994). The rate
of NoO emissions depends mostly on the availability oheral N source, meaning
directly related to the rate of fertilisation (Glaand Bockman, 1994). XD emissions
from soils are the dominant source of atmospher®,Ncontributing with about 57
percent to the total annual global emissions f freen house gas (IPCC, 1997). Thus
proper fertiliser application, taking into accougpe, timing, and placement, helps to
reduce fertiliser usage, and therefore the GHG ®oms associated with fertilisers. For
example, studies in Costa Rican and Brazilian eoffeoduction systems have indicated

that inorganic N fertiliser applications can exceptimal dosages by up to 200 kg Ntha
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(Wintgens, 2009). As well the way how fertilisere applied is influencing the amount
of emitted GHG's. This is illustrated by Hultgreand Leduc (2003) who determined that
there is a trend for higher emissions efONwhen urea was broadcast rather than banded,
and when urea was placed mid-row, rather than lsaheled. GHG emissions from the
production of fertilisers are the result of indiatprocesses (Kongshaug, 1998). The
industrial processes that are necessary for ftilproduction are: ammonia production,
phosphoric acid production and nitric acid produtti Although the current state of
knowledge gives a thorough understanding on how Gé#dssions from fertiliser
production and application are arising, no literataan be found that compares various
agricultural productions systems with differentdbsvof inputs and yields with respect to

their emission of GHG's.

2.2.3 Emissions from pesticide production

The GHG emissions related to crop protection ifemfproduction with pesticides are
directly related to the energy required for theduion of the active ingredients in these
pesticides. The production of pesticides is a mayorldwide contributor to GHG
emissions (Bellarby et al., 2008). Thus reducingtipele use also directly reduces GHG
emissions. Several literature sources point outapeoforestry systems use naturally less
pesticides as the production system itself hasngrdved pest resistance. One reason
pest incidence is less in agroforestry systemecalbse the balance between insect pests
and predators is maintained to a greater extent @al., 2010). Pest incidence is also
influenced by the species of tree used and the ¢ypegroforestry system established.
Rao et al. (2010) found that diversified shade species, shelterbelts and boundary
plantings act as barriers to the spread of ins@esing into account these studies one can
conclude that in unshaded monoculture producticstesys the use of pesticides will
increase since these systems have little of therldescribed natural resistance to pests.
According to Nyambo et al. (1996) the more frequesé of pesticides in unshaded
monocultures has led to a number of problems imefyydoutbreaks of new pests and
chemical resistant pests, human and livestock linealtnplications and an increase in the
costs related to crop production. Furthermore,ube of pesticides can harm population
levels of natural pest predators (Nyambo et al96)%nd therefore trigger a further
increase in the use of pesticides. Quantifying ¢filect of pesticide use on GHG
emissions is straightforward and entails calcugptime CQ equivalence from the energy

that is need for the production of different tymdgesticides using default values given

9
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by the IPCC. There are no studies which quantiéydfiect of for example IPM strategies
or otherwise pesticide reductions on GHG emissiardifferent agricultural production

systems.

2.2.4 Emissions from primary processing activities

After harvesting coffee cherries undergo the fsicessing steps. There are two initial
processing methods applied that are known as dogegsing and wet processing.
Available literature for both methods has beeneaeed regarding the current state of

knowledge on GHG emissions arising from the respe@rocesses:

Dry process -The dry processing method consists of removingplaping) the skin,
pulp and hull of the coffee cherry. This is donegpmocessing methods that vary widely
depending on the organisational level of the coffieelucer and the geographical context.
The machinery that can be used ranges from smalbbte hand operated de-pulping
machines to large bulk fed fully automatic opemtiohe-pulping installations that are
usually found on larger plantations. De-pulping da done with and without using
water. After de-pulping the coffee is usually spfea patios and sun-dried. Though sun-
drying is time intensive and when improperly doa@ de susceptible to disease, insect
loss, and decay from rain, wind, and moisture (®laet al., 2009). Artificial mechanical
drying has therefore been developed to get arolmedet downsides of sun-drying,
however it is expensive and energy intensive aretetbre contributing to GHG

emissions.

Wet process -The wet processing method starts similar as indifyeprocess with de-
pulping the harvested coffee cherry. During de-mgppetrol, diesel (fossil fuels) and
water are used—or not—highly depending on the deglanachinery. The second step
consists of the fermentation of the de-pulped eoffeerries. This fermentation process
takes up to 36 hours (Von Enden, 2002) and is @greoaking the de-pulped cherries in
big tanks. When the fermentation is finalised themfented beans are washed to remove
residues and remaining mucilage layers. After fmal washing the beans are dried.
Drying in the wet process is done exactly the sammm the dry process using either sun-

drying or artificial mechanical drying.

10
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Wet processing is believed to deliver higher qyatinffee compared to the dry process
since small amounts of off-flavours are generatethis process which gives the coffee a
better taste and body (Calvert, 1998). Althougmfra climate change perspective using
the wet process in coffee producing means bad neresa the fermentation process and
wastewater generation, the green house gasi<Céinitted. The amount of Gldmitted is
related to the amount of wastewater produced agatntrent and differs widely among
geographical context and used process. An overfoewifferent countries and processes
is presented in Table 2.

Table 2: Coffee wastewater generation quantities in diffeprocesses.

Reference Location Process Water use (liter)

Von Enden and Calvert] Colombia Fully washed with 1-6

(2002) environmental
processing

Von Enden and Calvert| Kenya Fully washed, reuse of| 4-6

(2002) water

Grendelman, (2006) Nicaragua Fully washed, reuse joi.1
water

Biomat, (1992) Nicaragua Traditional, fully 16
washed

Deepa et al. (2002) India Traditional, fully 14-17
washed

VVon Enden and Calvert| Vietham Traditional, fully 20

(2002) washed

By Table 2 it is clearly brought forward that witxtra attention to wastewater
generation, treatment and discharge significanigions in the water use—and thus in
emitted GHG’s—can be achieved. The literature suppitat traditional fully washed
processes use up to four times as much water ceahparprocesses that reuse water or

apply environmental treatments.

2.3 GHG quantification models

Numerous GHG quantification tools and models arailable on the web with a very
wide range of application. Most models do not reasther than quantifying the fossil
fuel use from for example; transport activitiesuseholds, offices and small businesses.
Quantifying emissions from agricultural processeguires different measures. This is a
consequence of the complex emission sources susbilaeleased PO from fertiliser
application, CH emissions connected to the generation and discludrgastewater and
carbon sequestration in on-farm biomass and s@jgimally all these emission and

sequestration factors are taken into account toenfisal reported C@®e figures from
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farming systems as accurate as possible. For tingope a couple of options are available

and outlined in the next paragraphs:

2.3.1 CALM Calculator
The CLA CALM Calculator (CLA, 2006) measures emiss of CQ, CH; and NO

from a land-management and carbon which sequestarawils and trees. Emission
sources included in the CALM Calculator are: eneagd fuel use, livestock, cultivation
and land-use change, the application of N fertdissnd lime. All the occurring emissions
are balanced against carbon sequestration in andstrees at the respective farming
system. The CLA CALM Calculator has been producgdtie Country Land and

Business Association working in partnership witlvifa

2.3.2 EX-ACT Carbon Balance Tool

The EX-ACT Tool (Bernoux et al., 2010) aims at pdivg ex-ante estimations of the
impact of agriculture and forestry development @ctg on GHG emissions and carbon
sequestration, indicating its effects on the carbalance. The tool is developed by the
FAO in collaboration with three in-house divisioA€;S, TCIl and ESA. The FAO argues
that EX-ACT will help development project designéosselect project activities with

higher benefits in climate change mitigation teri@snsequently the EX-ACT Carbon
Balance Tool works at project level and quantifies emission balance with and without

project intervention to support decision making.

2.3.3 Cool Farm Tool

The Cool Farm Tool (Hillier et al., 2011) is a GH@lculation model which integrates
several globally determined empirical GHG quandificn models in one tool. The tool
recognises context specific factors that influe@¢¢G emissions such as: geographic and
climate variations, soil characteristics and managd# practices at farm level. The model
has a specific farm-scale, decision-support foEliifier et al. (2011) argue that there is a
considerable scope for the use of the model inajlarveys to inform on current

practices and potential for climate change mitayati
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2.3.4 DAYCENT Model

The DAYCENT Model (Del Grosso et al., 2001) is ageochemical model used in agro-
ecosystems to simulate fluxes of carbon and Neratmosphere, vegetation and soil. The
inputs for the model include daily maximum and mmom air temperature and
precipitation, surface soil texture class, landezcand land use data. The model outputs
include daily N-gas flux (BD, NO; and N); daily CQ flux from heterotrophic soil
respiration; soil organic carbon content and N; pemary productivity; daily water

uptake and N@leaching.

2.3.5 DNDC Model

The DNDC (DeNitrification-DeComposition) Model (lat al., 1994) is a process based
model to quantify GHG fluxes from agriculture. TRENDC Model is capable of
predicting the soil fluxes of all three terrestiggeenhouse gases;®| CG and CH. As
well as other important environmental and econamiicators such as crop production,
NH; volatilisation and N@Ileaching are quantified by the model. The DNDC eidths
been widely used internationally, including in B8 nitrogen biogeochemistry projects
NOFRETETE and NitroEurope.

2.4 Climate change mitigation and voluntary standaas

There currently exists a lively dialogue within th@untary standard community on how
to effectively address climate change mitigatiorsiandards systems. As well the first
concrete projects to achieve this are initiated/dayous stakeholders. An overview of the

most illustrating examples that support this arguainne presented below:

2.4.1 Trade Standards Practitioners Network (TSPN)
The TSPN Network aims at pro-developmental use adfintary standards by turning

them into catalysts for sustainable developrhéFtie last annual conference of the TSPN
was held at November 17-18, 2011 and titled; "Steasl for a Sustainable Agriculture
and the Mitigation of Climate Change”. The ainti@ conference was to find answers to
the questionWhich criteria must be fulfilled so that standais contribute to climate
change mitigationThe findings of the conference (TSPN, 2010) comdisuggestions

for further research including; (1) needed resedcclverify the impact of voluntary

* Trade Standards Practitioners Network (TSPN) Bese:/tradestandards.org/en/Index.aspx
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standards on climate change mitigation and (2) @& emission data from developing

countries is desired.

2.4.2 ISEAL Alliance

The ISEAL Alliance is currently implementing togethwith the German International

Cooperation (GlZ) a program that aims at supporiilsgmembers—standard setting
organisations—to upscale their efforts to mitigeltemate change. The program initiators
argue that while voluntary standards systems hhgeobtential to accelerate mitigation
efforts, this potential has not yet been realid8&EAL further argues that;, "There are
many pathways, strategies and methodologies thatdatds systems can use to
encourage and support mitigation. The challenge fsd the most effective and efficient

entry point for this suppont”

2.4.3 Rainforest Alliance and the 4C Association

Rainforest Alliance is collaborating with Anacafé@daEfico to develop standards to
validate climate friendly farming in coffee prodwact through a methodology which
allows the certification of good environmental grees (Rainforest Alliance, 2011). The
result of the project—a climate module—that canabéed to the existing Sustainable
Agricultural Network (SAN) standards used by Rarefi Alliance will promote the
adoption of good agricultural practices that red@4G emissions and increase carbon
sequestration. As well the Common Code for the &offommunity (4C Association) is
working together with The German International GCemgpion (GIZ) on designing
additional module to the existing 4C standards Wwhakes into account climate change

mitigation and especially adaptation (Sangana RBP]).

® Trough own participation in a joint GIZ/ISEAL waskop: Supporting ISEAL Members to Scale-Up their
Efforts to Mitigate Climate Change.27 and 28 Octdi#10, GIZ House, Bonn, Germany
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2.5 Different coffee production systems

Little literature exists that distinguish differemoffee production systems in the
Mesoamerica region. The most detailed overviewvisrgby Moguel and Toledo (1999)
who classified in great detail five different ca#fproduction systems in Mexico and state
that this classification can be extrapolated tot@¢imerica as well. Moguel and Toledo

argue that coffee production systems can be diviaked

. Traditional rustic systems
. Traditional polycultures

1
2
3. Commercial polycultures
4. Shaded monocultures

5

. Unshaded monocultures

In this classification the traditional rustic systas described as a traditional shaded
agroforest or "mountain” coffee system. Coffedasied in these systems by local Indian
communities in isolated areas who have introducetiee into the native forest
ecosystems. The traditional polycultures are shadgdforests containing native trees
and the coffee grown in these systems is cultivat@acipally by smallholder farmers.
This system is agroforest with the most advancadesbf manipulation of the native
forest ecosystem. Coffee is grown alongside nunser@eful plant species, forming a
sophisticated system of native and introduced sgeor instance by favouring the
growth of or eliminating certain tree species (Melgand Toledo, 1999). In the
commercial polycultures most of the native treesramoved. Instead the shade cover is
made up of trees that all have an explicit functiadding nitrogen to the soil and more
importantly providing additional cash crops suchc#sus fruits and bananas. Shaded
monocultures aim at high coffee yields and useaalsltover that is almost exclusively
made up of Leguminous trees like Inga species.uBeeof agrochemical products is high
in this system, and the production is market ogdnand aiming at high yields. The
unshaded monoculture has completely abolished dbeotishade trees, and coffee plants
are grown in full sun light in this system. Thissem has completely lost the agroforest
character and is converted into a plantation (Mbgual Toledo 1999). This coffee
producing system requires high inputs of chemiedlilisers and pesticides, the use of

machinery, and an intensive work force throughoube t yearly cycle.
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3 METHODOLOGY

3.1 Sample design
3.1.1 Population

The population for this study is defined as allfeefproduction systems distinguished by
Moguel and Toledo (1999) that can be found at tmifee cooperatives: (1) Apecafé, (2)
Acoderol (3) Prodecoop and (4) a Pronatura Surnpartooperative. Besides these
cooperatives three coffee plantations namely: {fagd Alianza, (2) Finca Santa Teresa
and (3) Finca Las Chicharras are part of the pojomaTable 3 gives a overview of these
organisations together with the respective coumtaed municipalities. As a sampling
frame (list of all cases in the population) the ptete lists of coffee growers belonging to
the researched cooperatives have been used. Tisesewkre available through the

internal data of the Coffee Under Pressure (CUB)ept and as well in Cropster C-sar, a
digital information management system for coffeppdy chains. A sampling frame for

the plantations was unavailable and a selection b®en made together with the

respective private partners.

Table 3: Overview of cooperatives and plantations samplddésoamerica.

Cooperative / Plantation Country Municipality

Apecafé El Salvador Jayaque

Acoderol Guatemala Olopa

Prodecoop Nicaragua San Juan del Rio Coco
Pronatura Sur partner Mexico Oaxaca

Finca Alianza Mexico Cacahoatan

Finca Santa Teresa Mexico Angel Albino Corzo
Finca Las Chicharras Mexico Chicomuselo

3.1.2 Sample method

Optimally a probability sampling design, such asnadel-based or a design-based
approach (Brus and De Gruijter, 1997; DobermannQ@iperthur, 1997) would have been
applied to draw a sample for this study. But seviactors such as: (1) long travel times
to field sites, (2) limited availability of fieldupport, (3) time intensive data collection
procedures and (4) poor farm accessibility prewertee implementation of a strict

probability sampling design. Instead a purposive-pmbability sampling approach with

proportional quota sampling has been adopted tmelef sample from the population.
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The difference between a probability and a non-gbdlly sample is that a non-
probability sample does not apply a complete randseiection. But this does not
necessarily mean that non-probability samples ateapresentative of the population. It
does imply though that one cannot depend uponatienale of probability theory, and
therefore other ways must be found to show thaptimilation was adequately sampled.
In this study this has been done by applying a gutogmal quota sample whereby the
major characteristics of the population are colyaepresented by sampling proportional

numbers from each quota.

3.1.3 Stratification

A quota sample is the non-probability version eétified probability sampling whereby
an effort is made to insure a certain distributtdrdemographic variables (Owen et al.,
1992). This is done by defining different quotagafs’s) that are considered in the
research design as important to be correctly repted within the sample. In defining the
different strata for the sample of this researalr fof the five coffee production systems
as distinguished by Moguel and Toledo (1999) haaenbapplied. The traditional rustic
system has been left out of the study as this systm only be found in isolated areas,
where Indian or local communities have introducedffee into native forests.
Cooperatives can typically not be found in suchesbrcommunities which would have
made access for data collection very complex. treoto be able to assess as well the
influence of different voluntary standards on carlsbocks and the carbon footprint at
some coffee production systems sub-strata have ddded. These sub-strata consist of;
organic, Rainforest Alliance/UTZ and conventiorainiing systems.

3.1.4 Sample size

By using the estimates outlined by Moguel and Tol€d999) of the geographical
distribution of the different coffee production sms in Mesoamerica a sample size in
each strata has been defined. To decide in the €irber which production system a
researched coffee plot should be classified, the rtvain criteria on which Moguel and
Toledo (1999) distinguished the coffee productigsteam have been used. These criteria
are; (1) vegetational and structural complexity &)dmanagement level observed in the
different coffee production systems. The underlyindicators belonging to those two
main criteria have been used to make the two mdtierie measurable and discriminate
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Table 4: Relation of the different sample strata’s drawihi® population.

APE = Apecafé, ACO = Acoderol, PRO = Prodecoop,/TH = Finca Santa Teresa / Finca Las Chicharrbs,FAnca Alianza, NAT = Pronatura Sur partner cegpive. S =
Sample size, P = Population size, An asterisknd)dates a lack of information on the populationtfie case of plantations within a respective agjint

SYSTEM STANDARD PARTNER COUNTRY
APE ACO PRO CH/TE AL NAT Sum:
s|lp|ls|pPp|s|pPp|s|P|s|P]|[s]|P '
Organic 8 297 13 25 21 | El Salvador/Nicaragua
Trad-Pol R4/ UTZ 2 * 2 Mexico
y Rainforest Allicance 2 * 2 Mexico
Conventional 3 93 1 1 4 | El Salvador/Nicaragua
Organic 3 27 11 21 14 | Guatemala/Nicaragua
Com-Poly Organic / RA 2 * 2 Mexico
Conventional 11 91 11 Guatemala
Organic 2 2 2 Nicaragua
S Conventional 4 35 2 * 6 Mexico
| Unshad-Mono | R4/ UTZ | 2 * 2 | Mexico
Sum researched production systems: | 66

Table 5: Criteria and indicators to distinguish betweenduation systems.

System Vegetational and structural complexity Management level
Shade tree density Co-product density Canopy height | Coffee plant density Production level Fertilisation level | Pesticide level
[trees/ha] [trees and plants/ha] [m-MAX] [plants/ha] [kg parchment/ha]
Trad-Poly Very high Medium 20-30 Very low Very low Very low Very low
Com-Poly High Very high <15 Low Low Low Low
Shad-Mono Medium - <15 Medium Medium Medium Medium
Unshad-Mono - - - High High High High
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between production systems in the field. Table &wsha complete overview of these
criteria and indicators and as well how the foufedent production systems perform
regarding each indicator.

3.1.5 Case selection in the field

In discussion with the cooperative technicians whwe extensive knowledge of all the

characteristics of the production systems thatleafound in their department, targeted

visits to producers and their respective coffeaspl@ave been scheduled. These visits for
field data collection have been repeated until edifferent strata at the respective

cooperative had been filled to the defined samigke. $n using this methodology the core

variables—four different Mesoamerican coffee praaucsystems—have been correctly

represented within the final sample drawn. Tabkhdws a complete overview of how

the sample drawn relates to the population, conabingh additional data such as the

partner organisations and the respective courgaagpled within Mesoamerica.
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Figure 2: Sample locations in Mesoamerica.
Top left: ElI Salvador, Top right: Guatemala, Bottlaft: Nicaragua, Bottom right: Mexico.
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3.1.6 Sample sites
The specific locations of the sample sites cando@d in Figure 2. In this figure as well
the positions of the different sample sites witMesoamerica are shown in the smaller

inserts.
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3.2 Analysis model

As the data collection methodology is largely basedhe GHG quantification model that
has been chosen for the study, first a justificaod outline of this model is presented
which is followed by the instrumentation and prases regarding the actual data
collection.

3.2.1 Model selection

In selecting a GHG quantification model that wowddrve the scope of this study

optimally within the given timeframe the followirggiteria have been maintained:

1. The model must be able to take into account corgpgtific variables such as

country, soil and climate

2. The model must be able to quantify not only GHG ssioins but as well the
carbon stock stored in coffee-eco systems includthg annual carbon
sequestration.

3. The model must be able to quantify methane emisstbat arise from coffee

cherry de-pulping and fermentation processes.

4. The model must be able to present results both@©f-e/ha'] and [kg CQ-e/kg
Y to bring to the foreground both the performantéaaming systems in terms of
land-use efficiency and efficiency per unit prod(RCF).

5. The time needed to collect the input data for tloeleh on a large scale in various

countries in Mesoamerica must fit into the timefeaof the research project.

Table 6: Performance of GHG quantification models on théntained criteria.

Model Selection criteria
1 2 3 4 5
CALM Calculator v v v
EX-ACT Carbon Balance Tool v v v
Cool Farm Tool v v v v v
DAYCENT v v v v
DNDC v v v
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When looking back again—with these criteria in miA the current GHG calculation
models available that are presented in the backgrohapter is was possible to select the
most suitable model (Table 6).The CALM CalculatBtA, 2006) uses the Tier | IPCC
inventory methods (IPCC, 1997; IPCC, 2006) thatendasigned for GHG accounting on
a national level and therefore lack the precistoat is desired for this study. The EX-
ACT tool (Bernoux et al., 2010) quantifies the aarlstock changes per unit of land [t
CO,-e ha'] only, and can therefore not present an additid®@F that will make the
results of this study much more complete. BothDiA&y CENT model (Del Grosso et al.,
2006) and the DNDC model (Li et al., 1994) wouldoypde the most accurate
quantification results as they make use of detalembunting methodologies that include
process-based soil emission models. For this saason both models require a high
amount of complex input data that typically regsirextensive soil sampling and
laboratory analysis. Furthermore these models declarbon sequestration in biomass
altogether, an important aspect that influences GG emission balance in coffee-

ecosystems significantly and therefore cannot fi@ig of the study.

3.2.2 Cool Farm Tool

The Cool Farm Tool (Hillier et al., 2011) recogrizeontext specific factors that
influence GHG emissions such as: geographic amgiatd variations, soil characteristics
and management practices at farm level. The maglalets output in [t C@e/ha'] and
[kg CO,-e/kg'] so that the performance of production systems boterms of land-use
efficiency and efficiency per unit product (PCFndae assessed. The Cool Farm Tool
includes the factors; carbon sequestration and anetremissions which characterise
coffee production and processing specifically. thet input data collection that is needed
to generate results remains feasible within thesfiame of the study (Table 6). Finally
Hillier et al. (2011) argue that there is consitézascope for the use of this model in
global surveys to inform on current practices amdeptial for mitigation—which is
exactly what this study seeks to achieve in theddeeerica region. For the latter reasons
the Cool Farm Tool has been selected as the mioalehill be used to quantify the GHG

emission arising from different coffee productigistems throughout this study.
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The CFT GHG quantification model calculates the Géifdssions of:

Emissions from fuel and electricity use utilizifgGC default values.

Soil carbon sequestration based on an empiricalei( model based on the
results of several published studies) built frorerol00 global datasets.

Carbon sequestration in above and below ground dssm The allometric
equation model developed by Segura et al. (2006)afoong othersCoffea
arabicaand a wide variety of shade trees has been usédisqourpose.

Emissions from pesticide production utilizing IP@€fault values.

5. N,O emissions from fertiliser application based oreapirical model built from

an analysis of over 800 global datasets. Theseselstaefine gross IPCC Tier |
estimates of BD emission by factoring in the guiding drivers ofONemissions

such as climate, soil texture, soil carbon andddil

The CFT GHG quantification model uses several eoglisub-models to estimate the

overall GHG emissions, namely:

ok~ 0N PR

Machinery emissions - simplified model derived frOASABE, 2006).
GHG emissions from fertiliser production (Ecoinvez@Q7).

Nitrous oxide emissions from fertiliser applicati@ouwman et al., 2002).
Changes in soil C based on IPCC methodology a®ghe(et al., 2005).
Effect of manure application on soil C based oni{Bet al., 1997).
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3.3 Data collection

3.3.1 Procedures

In order to collect the data in the most effecawel accurate way certain procedures have
been adopted. Throughout the data collection pso@seach cooperative and farm
researched the technician at the respective comgerplayed a crucial role. Close
assistance of the technician was needed as the thahneeded to be visited were often
located in very remote and poorly accessible locati As well the technician is often one
of the persons at the researched cooperativeptbeide agricultural extension services.
Therefore he has a complete overview of all thecepesearched namely farm inputs,
outputs, practices, management level and the puoesdat cooperative level. It proved
that this kind of overview was necessary in sabgctiases for data collection, and often
to reveal data that sometimes lacked at producesl leuch as yields and processing
details. As well trough his work as an agricultuedtension agent he had a well
established relationship with farmers which inceghshe willingness of the latter to
participate in the research, share data and tina¢ga Dollection at each individual farm
started with a semi structured interview with tleegresponding farmer. Afterwards the
actual coffee plot was visited usually togetherhwiite cooperative technician and the

farmer. The field visits had two functions:

1. Collecting primary data. To quantify on-farm carbsincks in above ground and
below ground biomass one input variable neededhastriee diameter at breast
height. The formula that has been used in defitliegamount of trees per species
for measurement is as follows:

(Number of shade tree species/ha) / 5

This methodology is further illustrated by the exdenn Table 7.

Table 7: Example of a scheme for measuring shade tree Dgpliefs.

Shade tree species Number / ha Number measured
Inga punctata 40

Cordia alliodora 15 3

Persea americana 8

24



Methodology

Do define a final diameter at breast height figateeach shade tree species
encountered in a particular coffee plot, the metmlbthe measurements per

species has been used.

In the cases where the variables Soil Organic M&©M) and pH of the soils of
the farms were not available at cooperative les@l,samples have been collected
at the researched coffee farms and analysed ubedraipid Soil and Terrain
Assessment (RASTA) methodology (Cock, 2010).

2. Verifying the collected data in the interviews. Tiaem visits secondly have been
used to verify and refine certain variables thatady had been collected in the
interview. Most of these variables are based on gbeception of farmers.
Therefore visiting the actual farm and collectingra primary data has been used
to improve the reliability of the final dataset. Verify the accuracy of the shade
tree species and their number per hectare at emohd counting in a 10 x 10
meter area has been undertaken. By extrapolatmdridings to the hectare and
comparing these results with the initial data, realfimore representative value
could be defined. Further verifications consistédlecks regarding coffee tree
spacing, mulching status, weeding practices, carmgights and the presence of
different shade strata.

3.3.2 Instrumentation

To guide the semi-structured interviews a quesagerhas been developed (see: Annex |
and 1l). Parts of the questionnaire are based starzdard format that is designed by the
Sustainable Food Laboratory (SFL) to collect datatiie generic CFT tool. Significant
modifications have been made to this standard qumstire format to make it suitable for
the specific data collection and context. After pretesting of the questionnaire new
changes have been implemented in order to make atdliiection more efficient and
improve the quality of the data collected. Thesanges mostly relate to the strategy and
wording in questioning. The final questionnairenfiat uses the sections; general data,
crop management, sequestration and field energprusary processing. These different

sections allow for a structured and logical oraecallecting the field data.
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To define the geographical locations of the visiteffee sites a GARMIN handheld GPS
system has been used to define latitude, longitudealtitude. A tape line has been used
to define shade tree and coffee plant diametdseaist height. At sites where soil sample
results were not available at the producer orgéinisdevel, the Rapid Soil and Terrain
Assessment (RASTA) methodology (Cock, 2010) togeittith pH strips has been used

to be able to define soil organic matter (SOM) aai pH figures.

26



Methodology

3.3.3 Time frame

How the research is executed over time and in wbachntries is displayed in the form of a Gantt tljaable 8).

Table 8: Gantt chart of the research time frame.

Month February March April Mayv June
Dates working week 24-28 | 31-4 | 7-11 | 14-18 | 21-25| 28-4 | 7-11 | 14-18 [ 21-25| 28-1 | 4-8 | 11-15|18-22 | 25-29| 2-6 | 9-13 | 16-20 | 23-27 | 30-3 | 6-10 | 13-17 | 20-24 | 27-1 | 4-8
Week 4 5 6 7 $ 9 10 11 12 13 14 15 16 17 18 19 2 23 24 25 26 27
Executing thesis

Lo

'~
e 9

Introduction at CIAT
Literature review on coffee
production in Mexico,
Guatemala, El Salvador and
Nicaragua

Development of process and
emission maps
Development of interview
formats for GHG data
collection

Define sampling
methodology

H Consultation

Assessment possible
|

Collecting data in E1
Salvador

Collecting data in Guatemala
Collecting data in Mexico
Collecting data in Nicaragua

Data processing and

Writing draft research report
Improve draft research
report

Preparation for consultation
Consultation to the coffee
sector

Finish project in

SemanaSanta

[ Cotombia ] T erherianis|
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3.4 Analysis design
3.4.1 Analysis step I: GHG quantification

The data collected was processed at individual fizwel. Consequently the data from
each farm was analysed individually with the CFT GHuantification model. The CFT
is able to quantify with the data collected at eagfiee farm the amount of green house
gas emissions arising from a whole series of praston farm level. The input data that is
needed has been elaborated on in the methodol@ptezhand as well in Annex | and I
one can get a complete overview of the farm lemplui data that was needed for the
quantifications. One can gain a better idea of twevCFT is working by studying Table
9. In this table the function of the CFT in tranislg a wide variety of input data in to its
CO; equivalence is illustrated by listing the input amdput data for each emission and

sequestration factor on coffee production level.

Table 9: Overview on the function of the CFT in transforgitata.

Emission/sequestration factor Input data needed Ouwiut data by CFT

Pesticide production # of applications kg £ha'/ kg CO-e/kg®
Gas use Liters / kg kg G@/ha'/ kg CO-elkg™
Diesel use Liters / km kg Ge/ha'/ kg CO-elkg®
Electricity use KwH kg C@e/ha'/ kg CO-e/kg"
Off-farm transport Km / weight / mode kg G@/ha'/ kg CO-elkg™
Crop residue management Kg / management practice COkee/ha’/ kg CO-elkg®
Waste water production Liters / management practice| kg CO-e/ha'/ kg CO-e/kg®

Fertiliser type / # and kg of
application / management
Fertiliser induced BD practice kg C@e/ha'/ kg CO-e/kg*

Fertiliser type / # and kg of
Fertiliser production application kg C@e/ha'/ kg CO-e/kg*

Tree species / DBH / D / # per ha
Carbon sequestration / # cut down or planted kg G@/ha'/ kg CO-elkg*

Although Table 9 gives a clear picture of how thHeTQranslates input data it remains
unclear how the actual calculations are done imbdel. GHG calculations range from
rather straightforward such as calculation the Géidssion from pesticide production
and fossil fuel use such as gas, diesel and alggtand transport. These calculations can
be done using IPCC default values for the differemission factors. Things get more

complex when quantifications of emissions arisimgnt fertiliser induced BO and
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carbon sequestration in biomass are required. Rtha just applying the CFT model it
is of fundamental importance to understand how iiglel performs the quantifications
on the background. To this end one important gfieation—the quantification of
carbon sequestration in above and below biomaseftde plants—is used as an example

and completely worked out:

| was found by Segura et al., (2006) that the arhadfircarbon sequestered @offea
arabicais equal to:

Y =0.0659 * 0%

Where:
Y = aboveground dry matter, kg (trée)

D = diameter at 15cm from ground, cm

For example during field data collection one coffgent is encountered and measured

and this results in a D value of 9 cm. The Y vatuthen calculated by:

Y =0.0659 * g9
Y = 5.235 kg (tre€)

To quantify this Y value into a kg G value for the above ground biomass in the

respective coffee plant the following propositisrapplied:

AGB =44/12*CF*WD *Y

Where:
AGB = above ground biomass, kg &©
CF = carbon fraction
WD = wood density
Y = aboveground dry matter, kg (trée)
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The values for the carbon fraction (CF) and woodsdg (WD) are given foiCoffea
arabica: CF = 0.5 and WD = 0.5. Thus the final propositiar the above ground

biomass quantification of the respective coffeapis:

AGB =44/12*0.5* 0.5 *5.235
AGB =4.79 kg CQ-e

Now that the above ground biomass for the coffemtpils calculated the biomass of the
same coffee plant sequestered below ground (isy@an be quantified. For this purpose

the following proposition is applied:

BGB =44/12* R:SR*CF*WD * Y

Where:
BGB = below ground biomass, kg &©
R:SR = root:shoot ratio
CF = carbon fraction
WD = wood density
Y = aboveground dry matter, kg (trée)

The only new independent variable in this proposiis the root:shoot ratio (R:SR). The
same as with the CF and the WD variables the RsSfhawn forCoffea arabica:0.24.
Now that all the variables are defined the quasdtfon the remaining below ground

biomass of the coffee plant is equal to:

BGB = 44/12 *0.24 * 0.5 * 0.5 * 5.235
BGB =1.15 kg C@e

By adding the above and below ground biomass casbquestration values (4.79 + 1.15)
the total amount of sequestered carbon in the egffent is now defined: 5.94 kg G@.
This result of 5.94 kg C&£e would the CFT model have given immediately byy
entering (one) coffee plant and a (9) cm D valukec@rse the calculated example coffee
plant is only one species. For Biga spp. shade tree the latter calculations for abodke a

below ground biomass would have been differenttdue different capacity dhga spp.
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in sequestering carbon. As well this example dakils only with one aspect of the all the
sequestration and emission factors as listed ineT@bThis illustrates the complexity of
carbon sequestration and emission accounting iicwdgre and as well the need for a
comprehensive GHG quantification model: making sstyation and GHG quantification

applicable for wider research and decision suppihin a reasonable timeframe.

3.4.2 Analysis step Il: data comparison

In paragraph 3.4.1 it was thus illustrated how fie&d data is quantified into a GHG
equivalence figure. Although this part of the asayis time intensive it still does not
come close to answering the stated research gosstio order to answer the stated
research questions supported by empirical eviddata further analysis is needed in the
form of extensive comparisons between the data Astiool for this second analysis and
data visualisation Microsoft Excel has been usedte@ main groups of data are
generated by the first stage in the data analysisthe CFT:

1. Carbon stock in above and below ground biomass.
2. Carbon footprint measured on a per hectare basis.
3. Carbon footprint measured on a per unit produdcisbas

Within these three groups the data is comparedrditgp the four coffee production
systems distinguished by Moguel and Toledo (1988)tae different voluntary standards
(see paragraph: 1.2 Research formulation). Besilss main core of the analysis
additional results have been generated such asecgi€ld comparisons and exploratory
comparisons of individual cases to create suppodikamples at certain statements in the

result chapters.
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3.5 Study boundaries

3.5.1 Conversions
During the field data collection a wide variety different units of measurements were
encountered. As well different conversions and def@alues have been maintained for

certain processes in coffee production stages.eTHbIgives a complete overview of the

different units conversions, ratios and defaultiealused throughout the study.

Table 10: Conversion ratios and default values maintainesligghout the study.

Conversion / item Ratio / value Reference
Manzana:hectare 1:.0,7 www.convertunits.com
Manzana:cuadra 1:16 Www.convertunits.com
Quintal:kilogram 1:45 http://buscon.rae.es
Libra:kilogram 1:0,45 Skinner, (1952)
Cherry:parchement 1:0,2 Apecafé, (2011)
El Salvador
Parchment:green coffee 1:0,8 Apecafé, (2011)
El Salvador
Engergy use de-pulper diesel 0,11 I/ kg parchmefiee Coltro et al. (2005)
Brazil
Energy use de-pulper electric 0,22 kWh/kg parchmeffee Coltro et al. (2005)
Brazil
Water use of manual de-pulping 4,4 I/kg parchment coffee Prodecoop, (2011)
in an ecological process Nicaragua
Water use of de-pulping in a 28,8 I’kg parchment coffee Acoderol, (2011)
standard process Guatemala
Water use of cherry de-pulping| 80 I/kg parchment coffee Biomat, (1992)
and parchment fermentation in a Nicaragua
traditional fully washed process
Content "bomba” (spray 18| Coffee farmer, (2011)
container for foliar fertilisation) Guatemala

3.5.2 Assumptions

In the calculation procedures of the study sevasalimptions have been made for certain

factors in the coffee production process for al thur production systems researched.

Table 11: Amount of residue in different production systems.

Production Leaf litter and Leaf litter and Total amount of Reference
system pruning residue pruning residue Leaf litter and
from coffee plants | from shade trees | pruning residue
Traditional 2000 kg/ha 10.000 kg/ha 12.000 kg/ha
polyculture
Commercial 3000 kg/ha 7500 kg/ha 10.500 kg/ha
monoculture Beer, (1988) and
Shaded 4000 kg/ha 5000 kg/ha 9000 kg/ha Coltro et al. (2005)
monoculture
Unshaded 5000 kg/ha - 5000 kg/ha
monoculture
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Although the assumptions are based on peer-reviesgahce it is still necessary to

present them. Table 11 shows the amount of letar Igruning residues coming from

coffee plants and shade trees in the differentyston systems. It can be noted that the
monoculture have a higher residue amount coming fcoffee plants as the plants are
better nourished in this system. The polyculturagesha higher amount of residue coming
from shade trees as the amount of shade treeshese systems much higher compared
to the monocultures. Table 12 presents the annoatdss increase in shade trees and
coffee plants. Net biomass increase on an anns@ [sadue to pruning activities close to

zero as can be seen in the table. The biomassatestiees is variable depending on
which coffee production system is researched. Bhgeg are higher for the monocultures
compared to the polycultures (Table 12) as the rowglihares present more space and light

for trees to develop and are less carbon satuliggedense polycultures.

Table 12: PAI values used in different production systems.

Production Periodic Annual Periodic Annual Reference
system Diameter increment Diameter increment
(PAI) in coffee plants | (PAI) in shade trees
Traditional 0,0 cm’ yr'! 0,4 cm'yr! Silva and Lopes, (2004
polyculture
Commercial 0,0 cm’ yr! 0,6 cm' yr! Somarriba, (1990)
monoculture
Shaded 0,0 cm' yr'! 0,8 cm' yr!
monoculture
Unshaded 0,0 cm' yr'! 0,0 cm' yr'!
monoculture

Table 13: Allometric equation models used in different protion systems.

Production Allometric equation model used for | Allometric equation model used for
system coffee plants shade trees

Traditional

polyculture Y = 0.0659 * O Y = 0.1466 * DBH?*

Commercial

monoculture Where: Where:

Shaded Y = aboveground dry matter, kg (trée) Y = aboveground dry matter, kg (trée)
monoculture D = diameter at 15cm from ground, cmDBH = diameter at breast height, cm
Unshaded

monoculture

For all production systems the above
allometric equation model developed
by Segura et al. (2006) f@offea
arabicahas been used. This model w
developed using empirical data from
Matagalpa, Nicaragua and is thus
highly representative for the
geographical context of this study
(Mesoamerica). This equation is furth
explained in paragraph 3.4.1

For all production systems the above
allometric equation model developed
Segura et al. (2006) f@ordia
aslliodora, Juglans olanchana, Inga
tonduzzi and Inga punctatas been
used. This model was developed usin
empirical data from Matagalpa,
Nicaragua and is thus highly
erepresentative for the geographical
context of this study (Mesoamerica).

Py
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To quantify the amount of sequestered carbon irieeoplants and shade trees two
allometric equations developed by Segura et alQ§2 have been used (Table 13). A
further explanation en complete worked out exaniptethe equation for on€offea
arabicaplant can be found in paragraph 3.4.1.

3.5.3 Scope and limitations

This study sets out to quantify the effects of afiéint coffee production systems and
voluntary standards on climate change. Consequentlyemissions occurring on coffee
production level have been taken into account. Sifs¢em boundary has been defined as;
the delivery of dried coffee parchment to the lamatvhere dry-milling takes place and

the dried coffee parchment is processed into greéee.

This study only takes into account emission assedidirectly with coffee production.

This means that for example; gas that is usedepgre meals for plantation workers and
private pick-up trips not used for coffee transpmytsmallholder farmers are excluded
from the assessment. This departs from the assomfiiat the emissions arising from

these activities also occur if there is none os lasfee produced by these farmers.

Very few cases of Land Use Change (LUC) have baeeauntered and almost always the
land use was constant for over a period of 20 yearsore. Timber wood extraction was
in the researched smallholder farming systems awbaglanced against shade tree
planting activities. For this reason land use cleahgs not been taken along in the
assessment as this would have given a bias irethts that would have not been typical

for the different production systems.

The quantification of existing carbon stocks inlsoequires extensive soil sampling and
laboratorial analysis. During the field work accé&ssuch laboratories has been very poor

and therefore this aspect of carbon sequestratisrblen left out of the assessment.

Some farms researched—especially commercial pdlyeg—produce besides coffee as
a main product a variety of co-products. Examptedude banana, plantain, avocado,
mango, orange, mandarin, lemon and vanilla. Degpite variety of products coming

from one farm still all the emissions are in theemsment allocated to the production of

coffee. This has been done to enable comparisonh wither systems.
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4 RESEARCHED COFFEE SYSTEMS

In this chapter the four different coffee produntigystems researched are briefly
described and visually presented. This overviewtloa different coffee production
systems will help the reader to distinguish bettmween the four systems while reading
the results chapters 5 up to and including 9.

4.1 Traditional polyculture

Traditional polycultures are characterised by dtdgnsity of shade trees as can be noted
in Figure 3. This coffee production system preseagswell the highest amount of
different shade tree species per hectare. The amuushade trees that deliver co-

products such as different sorts of fruits is ratbes in this production system.

Figure 3: Traditional polyculture.

As can be seen in the left picture in Figure 4 ¢theopy height of shade trees in a
traditional polyculture can exceed 30 meters. ladaus shade tree species are dominant
in this system and these trees (right picture Ed)rare characterised by high Diameter
at Breast Height (DBH) values. Due to the amoumt size of the shade trees present in
the traditional polyculture the number of coffeargk per hectare is the lowest of all four
systems researched. Pesticide use is not encodmietige traditional polyculture and the
level of fertilisation is very low. The traditionglolyculture is very often an organic
farming system. Traditional polycultures that argamic by default (without certification)
are encountered during the field work.
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Figure 4: Traditional polyculture.

Coffee plants are due to the low fertilisation lesmall and present less leaves in the
traditional polyculture (coffee plant on the foregnd of the right picture in Figure 4).
Coffee yields in the traditional polyculture are tlowest of all systems researched. The
processing of the coffee is exclusively done udheg dry process and often ecological
processing systems that save on water use are. noted

4.2 Commercial polyculture

In the commercial polyculture coffee productionteyss researched very few indigenous

shade tree species were encountered.

Figure 5: Commercial polyculture.
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Instead the shade cover of this system is madefupees that are almost all used
commercially. Examples include banana plants, almd¢eees, mango trees and different
citrus fruits trees (Figure 5). As indigenous shixdes are seldom seen in the commercial
polyculture the canopy height does typically noteeed 15 meters. This allows for more
space for coffee plants that are found in highenioers in the commercial polyculture

compared to the traditional polyculture.

Figure 6: Commercial polyculture.

Fertilisation is practiced more often in this systand this results in better developed
coffee plants (right picture in Figure 6). Coffaelgls are higher in this system compared
to the traditional polyculture. In the commercialyzultures researched the processing of

the coffee coming was done using the dry processieifpodology.

4.3 Shaded monoculture

The shaded monoculture coffee production systers oisly one single shade tree species
(right picture in Figure 8). Very oftelmga spp. are encountered as shade trees, a species
that remains rather low in DBH figures. The cantgyght of the shaded monocultures
researched was always below 15 meters. This ratpan structure in shaded
monocultures (left picture in Figure 7) gives a ¢btspace for coffee plants which are
found in high numbers in this coffee productiontegs A high amount of fertiliser use is
noted in the unshaded monoculture system. Almoslusixvely synthetic fertilisers are

applied.
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Figure 7: Shaded monoculture.

Usually different forms of fertilisation such asilsapplication and leaf application by
spraying (foliar-fertilisation) are combined. Due the optimal nutrition of the coffee
plants yields are in the unshaded monoculture idfigelst of all researched systems.

Figure 8: Shaded monoculture.

In the researched shaded monocultures the wetecpffecessing methodology is applied
more often. As well artificial mechanical dryingstallations that replace sun drying have
been encountered.
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4.4 Unshaded monoculture

The unshaded monoculture coffee production systbolishes completely the use of
shade trees and only coffee plants are found ansféihat use this system (Figure 9 and
10). The number of coffee plants is for the latemson very high. A high amount of
fertiliser use has been encountered in the unshadedcultures researched.

Figure 9: Unshaded monoculture.

Due to the absence of shade trees in the unshadadcuoiture the use of tractors for
fertilisation, spraying and weeding practices isgible and this has been noted during the
field work. The coffee yields in the unshaded marttaze are high.

Figure 10: Unshaded monoculture.

In the unshaded monoculture coffee production systeesearched the processing was

done using the dry process combined with sun drgintpe parchment coffee on patios.
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5 DIFFERENCE BETWEEN COFFEE SYSTEMS

In this chapter analysed primary data is preseatetidiscussed. The chapter sets out to
answer the following sub research questions:

1. What is the difference between four different ceff@roduction systems
distinguished by Moguel and Toledo (1999) regardingfarm carbon stocks and
the carbon footprint?

3. How is the yield level of different coffee pradiwn systems impacting on climate

change?

5.1 Difference in the on-farm carbon stock

The comparison between the four researched coffeduption systems (Figure 11)
shows that on farm carbon stocks in both shade @med coffee plants increase from a
mean 17,3 t C@e/ha" at unshaded monocultures to a mean 91 +&@a" at traditional
polycultures. This is the case as traditional paltyzes combine a high number of trees
per hectare with high DBH figures, which is a capssnce of a high tree age and the use
of many indigenous species. Thus traditional pdiyces contain the highest on farm

carbon stock of all the systems researched.

Commercial polycultures also show high amountgexg per hectare although the DBH
figures are lower in this systems due to lower &rge and an increased usdrafa spp., a
shade tree that remains smaller compared to indigespecies. Furthermore a high use
of Musaspp. (banana and plantain) is observed in thidymtion system, plants that have
a very limited carbon sequestration capacity comegbatio tree based shade systems
(Roshetko et al., 2002). Consequently commerci®dycottures show a lower on-farm
carbon stock compared to traditional polycultures.
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Carbon stocks in shade trees and coffee plants
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Figure 11: Mean on-farm carbon stocks in shade trees arffdecpfants.

The heights of the boxes indicate the mean maximadimean minimum values and the ends of the lines
the maximum and minimum values. The mean maximutnnagan minimum values are defined by the
mean + or — the standard deviation. The numbesbsérvations in each group are; Trad-poly = 29, Com

poly = 27, Shad-mono = 8, Unshad-mono = 2.

Shaded monocultures abolish completely the indigerteees that can be found in the
latter systems. Instead a shaded monoculture sysses one species only—oftemga
spp., orGliricidia sepium—these shade trees show very low DBH figures coatph&n
indigenous species. Furthermore the maximum cameuyht is only a fraction of the
canopy height that can be reached by the indigershale tree species in both
polycultures researched. For this reason shadeaentinres show a drastic decrease in

on-farm carbon stocks compared to the two polycalproduction systems.
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Figure 12: Mean on-farm carbon stocks in shade trees.

The heights of the boxes indicate the mean maximadimean minimum values and the ends of the lines
the maximum and minimum values. The mean maximutnnagan minimum values are defined by the
mean + or — the standard deviation. The humbeobsdrvations in each group are; Trad-poly = 29, Com
poly = 27, Shad-mono = 8, Unshad-mono = 2.

As can be seen from the zero value in Figure 1thghaded monocultures, these systems
get do not have shade trees altogether. Theretol®mi sequestration in biomass in this
production system can only be observed in coffaatpl The amount of sequestration in
coffee plants is limited (Figure 13) and for thémson the unshaded monoculture shows

the lowest amount of total on-farm carbon sequastraf all systems researched.

When only the carbon sequestered in coffee plantaken into account the picture is
completely different; on-farm carbon stocks in eeffplants decrease from a mean 17,3 t
COxe/ha" at unshaded monocultures to a mean 11,5 tL-@ma' at traditional

polycultures (Figure 11).
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Carbon stocks in coffee plants
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Figure 13: Mean on-farm carbon stocks in coffee plants.

The heights of the boxes indicate the mean maximadimean minimum values and the ends of the lines
the maximum and minimum values. The mean maximuthnagan minimum values are defined by the
mean + or — the standard deviation. The numbeobsdrvations in each group are; Trad-poly = 29, Com
poly = 27, Shad-mono = 8, Unshad-mono = 2.

This phenomenon is a result of the nature of the wifferent production systems.
Especially the traditional but also the commergialyculture contain different strata of
shade trees with canopy heights that can exceeted8rs. Consequently ground level
there is less space and light available for coffeats. Therefore much lower amounts of
coffee plants per hectare are observed. Meaningeatdeduction in the total amount of

carbon stored in the coffee plants.

Unshaded and shaded monocultures present a colpdéterent appearance. All the
tree species that require high amounts of spaceébkoét too much light are removed in
the shaded monoculture. The unshaded monocultuee dot contain additional shade

trees at all. This presents opportunities for afiants that can be found in numbers here
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up to more than two times higher compared to tHgcptiure production systems. This

results in a higher amount of carbon stored inamfplants in monoculture systems

compared to polyculture systems.

So far the carbon stocks that can be found in réiffe coffee production systems have
been evaluated. These stocks are build-up ovargtlme. When looking to the amounts
of carbon that is sequestered in shade trees pferecorop cycle (annually) interesting
dynamics have been observed. Figure 14 reveals thatmean annual amount of
sequestered carbon in shade trees is: 0,6,te@’ yr* (Shad-mono), 0,7 t G@e/ha'
yr! (Com-poly) and 0,7 t CRe/ha' yr' (Trad-poly).
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Figure 14: Mean annual sequestered carbon in shade trees.

The heights of the boxes indicate the mean maximadimean minimum values and the ends of the lines
the maximum and minimum values. The mean maximutnnagan minimum values are defined by the
mean + or — the standard deviation. The numbeobsdrvations in each group are; Trad-poly = 29, Com

poly = 27, Shad-mono = 8, Unshad-mono = 2.
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This means that although the existing on-farm carktock in shade trees is up to four
times higher at traditional polycultures comparedshaded monocultures, the annual
carbon sequestration in not significantly highehisTgoes against the reasoning that
because of a high amount of shade trees combinidhigh DBH figures, a traditional
polyculture should be able to show also a sigmnifilgahigher amount of annual carbon
storage compared to the unshaded monoculture sy$teenobservation that is presented
in the results can be explained by looking at theds tree growth dynamics in the four
different coffee production systems. Silva and Lg2004) found that the Periodic
Annual diameter Increment (PAI) value of trees ensk systems such as traditional
polycultures is 0,4 cthyr™. Whereby Somarriba (1990) reports a 0,6*gm* PAI value

for systems that can be compared with commercibicptiures and a 0,8 chyr” PAI
value for systems that can be compared with shadewcultures. Thus other researchers
found that shade trees in shaded monocultures tyvae as fast compared to traditional
polycultures. This is the reason that shaded mdhoes can—in terms of annual carbon

sequestration—still compete with their traditiopalyculture counterparts.
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5.2 Difference in the carbon footprint

5.2.1 Carbon footprint per unit area

The comparison of the carbon footprint per unitaaoé coffee parchment produced in
four different coffee production systems in Mesoedoze(Figure 15) shows that the mean
carbon footprint is: 2216 kg G&/ha' (Trad-poly) 3978 kg C®e/ha' (Com-poly) 8720
kg CO-e/ha* (Shad-mono) and 6388 kg G@/ha' (Unshad-mono).

Traditional polyculture
The carbon footprint of coffee parchment producedtraditional polycultures is the
lowest of all systems. The driving background reasare discussed:

1. Low fossil fuel use. Due to manual de-pulping ilateons and farmers who carry
coffee cherries to processing plants rather thargysick-up trucks.

2. Low amount of wastewater generation. In traditigoallycultures exclusively the
dry coffee processing method is used. Often in d¢pation with ecological de-
pulping installations that achieve a further redrcin water use.

3. Low amount of fertilisers used. Traditional polyicues are very often organic
farming systems by default. Organic farms withaartification are observed.

4. High amount of carbon sequestration. Traditiondyq@dtures store high amounts

of carbon due to a high amount of old indigenowslshree species on the farms.

Commercial polyculture

The carbon footprint of coffee parchment produgedammercial polycultures is higher
compared to the traditional polyculture but stlivier compared to the two monocultures.
The driving background reasons are discussed:

1. Low fossil fuel use. Due to manual de-pulping ilateons and farmers who carry
cherries to processing plants rather than usingyyactrucks.

2. Intermediate amount of wastewater generation. ariprocessing methods are
observed in the commercial polyculture. Resultingan average generation of
wastewater.

3. Low amount of fertilisers used. Commercial polyauds show an increased
amount of fertilisers used compared to traditigrai/cultures but the fertilisation

level is still low and often organic.
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Carbonfootprint per unitarea
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Figure 15: Mean carbon footprint measured on a per heciasisb
The numbers of observations in each group are;-podyg= 29, Com-poly = 27, Shad-mono = 8, Unshad-
mono = 2.
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4. High amount of carbon sequestration. Commerciayquitures store the highest
amounts of (annual) carbon due to a relatively lagtount of trees per hectare

combined with a higher tree growth rate comparettiédraditional polyculture.

Shaded monoculture
The carbon footprint of coffee parchment producedhe shaded monoculture is the
highest of all systems researched. The driving ¢paeknd reasons are discussed:

1. High fuel use. Due to electrical or diesel powedeebulping, artificial mechanical
drying installations powered by diesel and gas &madsport of cherries and
parchment often with pick-up trucks.

2. High wastewater use. The wet processing methodsgreed more often in the
shaded monoculture system, which increases theraemre and discharge of
wastewater tremendously.

3. High amount of fertilisers used. Shaded monocudtuaee high-input farming

systems that rely on an extensive use of (oftenfhgyic fertilisers.

Unshaded monoculture
The carbon footprint of coffee parchment produgethe unshaded monoculture is high
compared to the two polycultures. The driving baokgd reasons are discussed:

1. Intermediate fuel use. De-pulping is done with &leity in this system. The
systems researched used tractors for practices aseteeding, fertilisation and
spraying in between the coffee rows.

2. High wastewater use. De-pulping is done in theiti@thl system that shows
higher amounts of wastewater production comparddrtexample ecological de-
pulping processes.

3. High amount of fertilisers used. Unshaded monoce#itare high-input systems
that rely on an extensive use of (often) synthietitilisers.

4. No carbon sequestration. Unshaded monoculturesdadlarm shade trees that
sequester carbon during the annual coffee cropecyidie unshaded monoculture
is therefore unable to compensate for some ofnitis®ons by means of on-farm

carbon sequestration.
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5.2.2 Carbon footprint per unit product

The comparison of the carbon footprint per unitdoict of coffee parchment produced in
four different coffee production systems in Mesoedoze(Figure 16) shows that the mean
carbon footprint is: 5,4 kg C@e/kg" (Trad-poly) 4,9 kg C@elkg* (Com-poly) 7,8 kg
CO,-e/kg* (Shad-mono) and 8,0 kg G@/kg" (Unshad-mono).

Showing the carbon footprint of Mesoamerican coffeeduction as well calculated on a
per unit product basis (PCF) is highly relevantisTis the case as PCF’'s are used
internationally to communicate on the performanteitferent products regarding their
effects on climate change (BMU and Oko-Institut ,e2009). When calculating the
carbon footprint of coffee parchment productionMesoamerica on a per unit product
basis different dynamics are found. The resultswslibat commercial polycultures
perform best by emitting the lowest amount of GHGf sll production systems. Shaded
monocultures show in the overview in Figure 16 rmreased efficiency compared to the

data in the per hectare calculations (Figure 15).

This difference in the carbon footprint per unibguct compared to the carbon footprint
per unit area can be explained by looking closeartoimportant factor that drives a
product carbon footprint which is the productiowvdeor yield. All GHG emissions

arising from a production system are in the PCFhosklogy allocated to the amount of
coffee produced. This explains why the unshadedaotuiure—that uses a high amount
of fertilisers, fossil fuels and water—shows a lowearbon footprint per unit product;
simply because this system on average yields tagenuch coffee compared to the

traditional polyculture systems (Figure 17).
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Carbon footprint per unit product
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Figure 16: Mean carbon footprint measured on a per unit ypecbbasis.

The numbers of observations in each group are;-podygl= 29, Com-poly = 27, Shad-mono = 8, Unshad-

mono = 2.
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Traditional polycultures—often certified organiarfang systems or organic by default—
show a high amount of emissions arising from fieeil production and application. This
Is the case as these emissions are allocated tantbent of produce coming from this
system which is markedly low (Figure 17). One chuststate that a PCF applied in
agriculture gives insight in the optimal “input-put” balance of production systems
regarding climate change. In this light it is cam®d that commercial polycultures show
the best input-output level of all systems resezdicihis is definitely the case when one
takes into account that besides coffee this syst@mbring banana, plantain, avocado,

mango, orange, mandarin, lemon and vanilla todahket
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Figure 17: Mean yield for four different coffee productioystems.
The numbers of observations in each group are;-podygl= 29, Com-poly = 27, Shad-mono = 8, Unshad-
mono = 2.
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5.3 Overall evaluation
This efficiency thinking that is triggered by the&ClP methodology helps in drawing

conclusions regarding which production system isstmdesirable in the Mesoamerica
region from a climate change perspective. A quaestlmat will certainly arise when
evaluating all the results regarding on-farm carbtoctks, carbon footprints per hectare

and product carbon footprints together.

The traditional polyculture is the absolute winmédren looking at emission per hectare
and on-farm carbon stocks. Still this system shavwsightly decreased performance in
the PCF of coffee coming from such farms. This esduse the production levels are
remarkably low. A broader consequence is that mindua comparable volume of coffee
in such systems requires much more land. Increased for land often comes with
deforestation and entering into protected areamtonal parks, something that should be
avoided. Shaded and unshaded monocultures pregbnGRG emissions in both carbon
footprint methods combined with very low on-farnthman stocks. This is an undesirable

combination when climate change mitigation is andigenda.

Commercial polycultures present a low carbon faotgyer unit land, the lowest product
carbon footprint and still conserve a mean 71,3%-€/ha’ in shade trees and coffee
plants. Furthermore this system shows the higheatl lof farm diversification which
results in a whole range of co-products beside$eeobnly. Based on the discussed
findings it is stated that diversified commercialyzultures are the future in producing
coffee with the least amount of pressure on ounate. As well it is expected that the
negative impacts on farmer livelihoods resulting oti low coffee prices or extreme
weather events are decreased to a minimum by cocrahpolycultures due to their high

crop diversification.

52



Influence of Voluntary Standards

6 INFLUENCE OF VOLUNTARY STANDARDS

In this chapter analysed primary data is preseatetldiscussed. The chapter sets out to
answer the following sub research questions:
2. To what extend have organic, Rainforest Alliancd BITZ certification systems
an impact on the on-farm carbon stocks and theocaidotprint?
3. How is the yield level of different coffee produai systems impacting on climate

change?

6.1 Influence on the on-farm carbon stock

The comparison between the researched voluntanglatds (Figure 18) shows that on
farm carbon stocks in both shade trees and cofteespare: 83,4 t C&e ha' (Organic),
85,2 t CQ-e ha' (Rainforest Alliance/UTZ) and 77,9 t G@ ha' (Conventional).

Based on these results it can be concluded thdaram-carbon stocks do not differ
significantly among different types of standardtegss. For the comparison all the
organic, Rainforest Alliance/UTZ and conventionatnis sampled in the traditional
polyculture and commercial polyculture are usedisTilas been done firstly as the
certified farms sampled were concentrated in thgseips. Secondly this strategy has
been chosen as the same kind of comparison of matbcks with the production systems
that are distinguished by Moguel and Toledo (1988®)w high differences between the
group’s polycultures/monocultures. Thus by inclggthe voluntary systems from all the
Moguel and Toledo (1999) productions systems fongarison one would be measuring
the differences between these systems rather thendifference between voluntary
standards. Thus in order to measure what was detrde measured—the difference
between voluntary standard systems—the data fraim jpalycultures has been used for

comparison.
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Carbon stocks in shade trees and coffee plants
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Figure 18: Mean on-farm carbon stocks in shade trees arfdecpfants.

The heights of the boxes indicate the mean maximoadimean minimum values and the ends of the lines
the maximum and minimum values. The mean maximutnnagan minimum values are defined by the
mean + or — the standard deviation. The humbeobsdrvations in each group are; Organic = 35, RAIUT
= 4, Conventional = 15.
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6.2 Influence on the carbon footprint

6.2.1 Carbon footprint per unit area

The comparison of the carbon footprint per unitavéthe different voluntary standards
researched (Figure 19) shows that the mean carbotprint is: 1847 kg C@e/ha*
(Organic) 3412 kg C@e/ha' (Rainforest Alliance/UTZ) and 5639 kg G®/ha

(Conventional).

This means that Figure 19 shows that organic fagm performing much better
compared to conventional farming. This is mainlyvein by the low amount of
wastewater production that is observed at the acdarms. Conventional farming on the
other hand produces a tremendous amount of wastewatresult of the wet coffee
processing method which is often observed in thisning system (see Wastewater
production, Figure 19). Furthermore the extensse and application of fertilisers causes
a further rise of the GHG emissions coming fromvanional coffee farming systems.
The farms that are Rainforest Alliance and UTZified score in between organic and

conventional production systems regarding GHG domss
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Carbonfootprint per unitarea
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Figure 19: Mean carbon footprint measured on a per heciasisb

The numbers of observations in each group are;irga35, RA/UTZ = 4, Conventional = 15.
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6.2.2 Carbon footprint per unit product

The comparison of the carbon footprint per unitdouct of the different voluntary
standards researched (Figure 20) shows that the weaon footprint is: 4,6 kg GO
e/kg" (Organic) 5,7 kg C@elkg® (Rainforest Alliance/UTZ) and 5,8 kg G@/kg*
(Conventional).

Thus Figure 20 shows that organic coffee farming ki@e lowest product carbon
footprint. Rainforest Alliance and UTZ certifiedrfias score on the same level as
conventional farming. When looking at the backguuactors that determine these
figures it is noticed that organic farming has wéo carbon footprint because of a lower
amount of wastewater production, and a higher amofinarbon sequestration (per unit
product). The questionHow can organic systems present a higher amourdadion
sequestration as it is presented before (Figureth&8) on-farm carbon stocks among the
three systems differ not significantly&ises here. This question is answered by looking
at the mean yield figures of the different volugtatandards researched (Figure 21).
Organic farming presents a mean yield that is ntlba@ two times lower compared to
conventional coffee farming. This means that al dinnual sequestered carbon is in a per
unit product (PCF) calculation allocated to les#t ynoduct (coffee parchment). This
drives up the carbon sequestration values. Fosdhee reason emissions from fertilisers

are at the organic farming system the highest coedap® the other two systems.
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Figure 20: Mean carbon footprint measured on a per unityebbasis.
The numbers of observations in each group are;rga35, RA/UTZ = 4, Conventional = 15.
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Figure 21: Mean yield for organic, RA/UTZ and conventionabguction systems.
The numbers of observations in each group are;frga35, RA/UTZ = 4, Conventional = 15.

6.3 Overall evaluation

The factors that indicate the influence of différealuntary standards on climate change
have been presented and discussed. It was outliadn-farm carbon sequestration is
not differencing significantly among the research®gtems. Regarding the carbon
footprints of coffee products that come from thiéedent researched systems it was found
and discussed that organic farms present the raestfable figures. Does this mean that
organic farming is the solution to climate changégation in coffee farming on a broad
scale? This cannot be the conclusion when the ryietthfigures from the three assessed
systems are taken into account. Promoting orgagricwdture as the way forward from a
climate change perspective would mean more thanitmas the amount of land currently
used for coffee production is needed. This comds avirange of undesirable side-effects
such as accelerated land-use change and defosest@tirrently Rainforest Alliance and
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UTZ certified farms sit in-between organic and cemvonal farming regarding both yield
and GHG emission figures. This is an interestingilgimation that touches upon the
earlier highlighted input-output line of thinkingn terms of the input-output balance
Rainforest Alliance and UTZ certified farms prestm most favourable figures for low
GHG coffee farming. Although the difference witmeentional farming is still small and
more needs to be done to upscale the (potentia)ofovoluntary standards as promoters
and validators of climate friendly coffee farmirtigow this can be done most effectively

is presented and discussed in the next chapter p{@ha 7).
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7/ FRAMEWORK FOR EFFECTIVE MITIGATION

In this chapter analysed primary data is preseatetldiscussed. The chapter sets out to
answer the following sub research question:
4. Which agricultural practices are most effectiveritigating the effects of climate

change on coffee production level?

7.1 Analytical framework

To design a framework for effective climate chang#gation it is of primary importance
to first understand what determines the effectissn®f processes. By analysing
organisational problems, In "t Veld (2002) statbdttthe effectiveness of a certain

process depends on the independent variables foltbeing proposition:
Effectiveness = Content * Acceptance

This finding is used as the basis of the introdutachework for effective climate change
mitigation on coffee production level. The propmsitby In "t Veld (2002) has been
adapted into the following proposition that definde effectiveness of the here

introduced climate change mitigation framework:
MIT, = PRG * FSB,

Where:
MIT = mitigation, kg CQ-e
PRC = correct practices

FSB = implementation feasibility

Thus the amount of climate change mitigation iroiee farming system at locationis
determined by using the correct agricultural pcediat locatiory times the level of
implementation feasibility of these practices farnfiers at locatiorz. To make this
analytical mitigation framework functioning stilheé correct agricultural practices for
climate change mitigation need to be defined. Al tlwe feasibility of implementation of

those practices needs to be ensured. Both isseegldressed in the next paragraphs.
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7.2 Most effective mitigation practices

In defining effective climate change mitigation gifees one should focus on those
factors that show the highest contribution to thialtamount of GHG emissions emitted
in coffee production. An overview of the emissi@cttbrs and their mean share of all
Mesoamerican coffee production systems researsh&tbwn in Figure 22.

Share of GHG emissions

E Biomass shade
m Fertiliser production
B Fertiliser induced N20O
B Waste water production
= Crop residue managment
m Off-farm transport
= Electricity use
= Diesel use
Gasuse

= Pesticide production

Figure 22: Mean share of GHG emissions for all coffee faresearched.
The number of observations = 66.

In Figure 22 it is brought forward that the factomntributing most to the mean product
carbon footprint of all Mesoamerican coffee protutsystems researched are:

1. Carbon sequestration in on-farm shade tree biofiésgercent).

2. The production and application of organic and sgtitifertilisers (36 percent).

3. The generation and discharge of wastewater (34pbtc

Subsequently Figure 22 shows that emissions arisomg all fossil fuel use and the
production of synthetic pesticides contribute watipercent total very few to the carbon
footprint of Mesoamerican coffee production. Fronistcomparison it is derived that
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mitigation strategies in Mesoamerican coffee préiduacshould concentrate around: (1)
conserving and increasing the on-farm carbon stiockbiomass, (2) reducing the
emissions arising from fertiliser production andplagation and (3) reducing the

emissions arising from the generation and dischafgeastewater.

7.3 Implementation feasibility

From the experience researching 66 coffee farmssacMesoamerica is has been
founded that coffee productions systems vary atgteal depending on various factors
such as; farm input levels, processing methodostoggeographical location and the
organisational level of the respective cooperabivéarmer. In this paragraph the need for
mitigation strategies that are tailored to the #memature of the respective coffee
production system is illustrated by means of these@mples according the three
mitigation focus points outlined in paragraph 7.2.

7.3.1 Example I: coffee shading

The difference between different shading systentoffee farms is visually illustrated in
Figure 23. By comparing the effect of these différehading systems on the carbon
sequestration per hectare (Figure 24) it is dematest that shade systems that are
dominated byusaspp. (banana and plantain) store significantly éesbon compared to

systems with trees.

Figure 23: Different shading systems in coffee farms.
Banana plants used for shading in a coffee plét) (\ersus a coffee farm that makes use of diffestrata
of shade trees (right).

63



Framework for Effective Mitigation
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Figure 24: Carbon sequestration in differently shaded coffems.
The graph presents two cases from the data calieaifarm using a banana shade system and a fdlhm w
a tree shade system.

kg CO2-e/kg-1 parchment coffee

7.3.2 Example II: coffee fertilisation

A wide variety of fertilisation practices has beencountered in the field. The most
contrasting is the difference between high-inpusteays that make use of various
synthetic fertilisers and organic systems thatroftese composted coffee pulp (Figure 25).
The nature of fertilisation has a high impact oe #mount of GHG emission emitted

from farming systems.

Figure 25: Different ways of fertilising coffee plants.
Urea fertiliser used in high-input coffee produntiystems (left), versus composted coffee cherly pu
used as fertilisation in organic systems (right).
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Figure 26: GHG emissions for differently fertilised coffegrins.
The graph presents two cases from the data caliedihigh-input farm and an organic farm.

Figure 26 compares a high input coffee farmingeystersus an organic farming system.
The comparison illustrates that high-input systems more than two times the amount
of GHG s compared to organic coffee farming.

7.3.4 Example lll: coffee processing

Finally the effect of different coffee processingthods is illustrated. Figure 27 and 28
show the differences between the wet and dry psiegsnachinery used.

Figure 27: Processing coffee using the wet process.
Fermentation basins part of the wet coffee proogssiethod (left), combined with an artificial meafzal
drying installation (right).
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Figure 28: Processing coffee using the dry process.
Ecological coffee processing installation making a§a manual de-pulper (left), combined with dqédr
sun-drying parchment coffee (right).
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12

B Traditionalwet process

Ecological dry process

kg CO2-e/kg-1 parchment coffee
»

0 - I- I

Waste water Gasuse Diesel use Electricity use
production

Figure 29: GHG emissions for coffee processed in the wetilauide dry process.
The graph presents two cases from the data calfedifarm using the wet process and a farm usieg t
dry process.

Figure 29 shows the corresponding effect on GHGsimms in the two processing
systems researched. The data shows that usingethgrecess is driving up the GHG
emissions arising from coffee farming systems sicgtly.

It is thus illustrated by means of three examphed GHG emissions arising from coffee

production are site-specific. For this reason tostmeffectively mitigate the effects of
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climate change from coffee production, a framewoaked “site-specific mitigation™ is
introduced. This means that mitigations strategiesuld in the core be based on the three
most relevant factors found in paragraph 7.2: @)serving and increasing the on-farm
carbon stock in biomass, (2) reducing the emissiiséng from fertiliser production and
application and (3) reducing the emissions ari$imogn the generation and discharge of
wastewater. Producer organisations and individar@hérs can subsequently according to
their own performance within these factors identifieir site-specific focus area for

climate change mitigation.

Site-specific mitigation practices are further daisie as often not all the three focus
points for mitigation are within the reach of proeduorganisations or individual farmers
to address. The methods used to process coffemrdredded in the culture and history of
cooperatives and often connected to several envieotal attributes. A Mexican coffee
farmer explains for example thaDtie to the high humidity at this altitude we arebie

to completely sundry our parchment and make parsly of mechanical dryers to speed
up the process Some cooperatives produce for high quality m@kets and make use
of fermentation basins (washed Arabica coffee) Widontributes to the final quality of
their product (Calvert, 1998), but this method skdvigh GHG emissions (Figure 29).
Furthermore smallholder coffee farmers in Guatemakplain that they use high
guantities oMusaspp. (banana and plantain) to shade their coffdeaithe same time to
decrease the dependency on one crop by diversificaDne cannot simply expect these
cooperatives and farmers to abolish their procgsaimd farming systems for the sake of
climate change mitigation. Instead, in line withe timtroduced site-specific mitigation
framework these farmers can choose for one or twimation focus points tailored to
their own coffee production systems. In this wag thmplementation feasibility of low

GHG agricultural practices is ensured.

67



7.4

Framework for Effective Mitigation

Low GHG agricultural practices

By connecting practices to the three factors thoattrdoute most to the on-farm GHG

emissions it is concluded that the practices than@ost effective in mitigating the effects

of climate change from Mesoamerican coffee producdre:

Practices that increase and conserve the on-farlmoratock in biomass:

1.

Baseline measurement and continuously monitoringga$ting shade on-farm

shade tree density. Measuring is the start of ingmeent.

. Avoidance of land use changes and deforestatiopedtaly land use changes

whereby forests or perennial crops are replaceshibyial crops.

Implementation of forest and agro forestry managemsgstems that ensure that
extracted timber is replaced.

Planting additional shade trees in coffee plots ek shade to build-up carbon

stocks in above and below ground shade tree biomass

Practices that reduce the emissions arising frotili$er production and application:

1.

Implementation of soil and leaf sampling systemBergby cooperatives can use
one sample for various farms due to the small gilg and similar practices.

Soil and leaf sample results are used as pointiédparture in defining synthetic
and organic fertiliser type and amount.

Application of fertiliser according coffee growimgcle; “just-in-time application”

to ensure rapid fertiliser uptake and to avoidieuatrleaching.

Practices that reduce the emissions arising from generation and discharge of

wastewater:

1. Baseline measurement and continuously monitoringvadtewater generation at
coffee processing plants. Measuring is the stairhpfovement.

2. De-pulping of coffee cherries in ecological de-pdp installations where the
generation of wastewater is reduced to a minimum.

3. Recycling water during coffee cherry processingviis. Pulping water can be
reused during the de-pulping of the harvest ofdene(Grendelman, 2006).

4. Using the dry coffee processing method rather tthenwet coffee processing
method.

5. Installation of lagoon systems to treat wastewhedore it will be discharged to

local rivers.
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Installation of irrigation systems that supportlisitng wastewater for crop

irrigation and to a certain extend fertilisation.
Recycling wastewaters in bio-ethanol distillatiolans whereby a part of the

wastewater can be reused as a fossil fuel.
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8 OVERALL CONCLUSIONS

1. Mean on-farm carbon sequestration in shade teges coffee plants is high in
polycultures (81,2 t C®e ha') and low in monocultures (27 t G@ ha'). Conserving

the existing carbon stocks in polycultures is afstiof utmost importance.

2. Mean carbon footprints are low in traditionallypoltures (5,4 kg C®e/kg®) and
commercial polycultures (4,9 kg G@/kg") and high in shaded monocultures (7,8 kg
CO,-e/kg") and unshaded monocultures (8 kg.@Ikg?).

3. Organic, Rainforest Alliance and UTZ certifiedrhs do not present higher mean on-
farm carbon sequestration in shade trees and cptiags compared to conventional
farming systems. Further attention from voluntagndards to promote and validate on-

farm carbon sequestration is thus required.

4. Organic, Rainforest Alliance and UTZ certifiemtths present a lower mean carbon

footprints compared to conventional farming systems

5. Coffee yield levels have a high effect on theboa footprint measured on a per
hectare bases. Low yields drive up the carbon fodpof coffee production as all the

occurring emissions are allocated to less produce.

6. To reduce GHG emissions from coffee productioosimeffectively the correct
agricultural practices need to be used and theibiés of implementation of those
practices by coffee farmers needs to be insuretif (M PRG * FSB,).

7. Correct agricultural practices (PRC) are: (Iyssving and increasing the on-farm
carbon stock in biomass, (2) reducing the emissiiséng from fertiliser production and
application and (3) reducing the emissions arigrogh the generation and discharge of

wastewater.
8. Ensuring implementation feasibility (FSB) candmme by: allowing coffee farmers to

define site-specific mitigation practices that tdored to their respective coffee farming

and processing systems.
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9 RECOMMENDATIONS

9.1 Recommendations to CIAT

1. Itis recommended to CIAT to continue and inseetie scientific support delivered to
the voluntary standard setting organisations thattesd with designing standards that
focus on addressing climate change. The resultisi®fesearch need to be discussed and

evaluated together with voluntary standard setirgganisations.

2. It is recommended to CIAT to discuss and evaldlé results of this research with
Coffee Under Pressure (CUP) private partner; GMeuntain Coffee Roasters (GMCR).
The keynote in this discussion should be to coreril@MCR to implement climate change
mitigation measures in their supply chains accaydihe results of this research.
Furthermore the results of this study can be usgdther with GMCR to identify the

most promising locations for carbon financing petgegn GMCR’s supply chains.

3. It is recommended to CIAT to connect the carlstock data for different coffee

production systems to existing GIS data. In def@inthe distribution of the different

production systems, the total amount of carborestar Mesoamerican coffee production
systems can be estimated. Subsequently this datéhea be connected to the existing
coffee suitability predictions for the year 202@&050 in the region. The loss in carbon
stocks under different farmer adaptation scenatasthen be estimated. The results of
this recommended study should be presented to Mestzan policy designers so that
adequate measures can be undertaken in ordervenprenvironmental degradation on a

very large scale.

4. 1t is recommended to CIAT to initiate furtheisearch in low CH4 emitting coffee
processing methods and machinery. It is recommendeoay due attention to what

happens to coffee quality in processing methodsstihaw wastewater reductions.
5. It is recommended to CIAT to continue data aiter as a part of this research in

Colombian coffee farming systems with a focus angang unshaded monocultures and

Rainforest Alliance/UTZ certified farms.
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9.2 Recommendations to coffee farmers

1. It is recommended to coffee farmers to condugjuek assessment of the GHG

emission balance on cooperative or individual féewel.

2. It is recommended to coffee farmers to use tteespecific mitigation concept as
presented in this research according the resuliseoGHG emission assessment that has

been undertaken on farm level.

3. It is recommended to coffee farmers to use th&t Initigation practices that are

described in this research for each of the thremgation focus points presented.

9.3 Recommendations to standard setting organisatis

1. Itis recommended to standard organisationsdioidle GHG emission assessments on
farm level as a part of their respective standard.

2. Itis recommended to standard organisationsédthe site-specific mitigation concept
as presented in this research to define which guanyt for improvement regarding GHG
emissions needs to be addressed at farms thai beecertified.

3. Itis recommended to standard organisationddntify if the best mitigation practices

that are described in this research can be integjrattheir existing standard.

4. It is recommended to standard organisationsntdude trainings and workshops
regarding climate friendly coffee farming as a pairtthe benefits for certified coffee

farms.

9.4 Recommendations to Mesoamerican policy desigrser

1. It is recommended to policy designers in Mesaa@aeto recognise the invaluable
importance of coffee polycultures in conserving thigmounts of carbon stocks.
Accordingly adequate measure to maintain and plyssigrease these carbon stocks
should be undertaken in the region.

72



Recommendations

2. It is recommended to policy designers in Mesa#@aeto work together with the
coffee private sector and the cooperative sectextend to grass-root level how climate

friendly coffee farming can be accelerated accaydie findings of this research.

9.5 Recommendations to carbon footprint standard $eng

organisations

1. It is recommended to carbon footprint standaghoisations to pay due attention to
how carbon sequestration in agriculture should beluded in carbon footprint
calculations. This study reveals that (annual) @arbequestration are biased towards
certain production systems that store high amoointsirbon on a annual cycle but do not
necessarily maintain high build-up on-farm carbdnclks. In this way traditional
polyculture production systems that have consecaehon stocks up to 120 t G@&/ha’

in shade trees and coffee plants for years—but stoowthis reason a lower annual
increase in carbon stocks—are not rewarded foimtip@rtant role these systems play in

conserving existing carbon stocks.
2. lItis recommended to carbon footprint standaghwisations to factor in existing on-

farm carbon stocks in calculation methodologies stathidards rather that the amount of

carbon stored annually in coffee production systems
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11 ANNEXES

11.1 Annex [: field questionnaire

Annexes

GENERAL DATA

Cooperative number Farm code
Visit data Farm ID

Name

Last name GPS Latitude
Department GPS Longitude
Municipality GPS Altitude

Coffee plants/ha

Parchment production

Spacing coffee plants

Fermentation type

Varity

Fermentation time

Area under coffee (m?)

Certification

Area total (m?)

Mean temperature

Cherry production

Production system

Area under other crops on farm Notes

CROP MANAGEMENT

(Q1) Sail structure?

Fine | Medium | Course

(Q2) Soil Organic Matter (SOM) content?

Exact: ‘ <1,72 ‘ 1,72-5,16 | 5,16 — 10,32 | > 10,32
(Q3) Are your soils moist or dry during the growingperiod (do you irrigate)?

Moist | Dry
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(Q4) How would you describe your soil drainage?

Good | Poor
(Q5) What is your soil pH?
<55 | 55-7.3 | 73-85 >8,5
Which fertilisers are you using?
# | Fertiliser (refer to | Nutrient or | Application rate (For | Unit Application | Emissions
dropdownQ6) product manure this should be dry| (refer to | method inhibitors
(refer toQ7) | Weight Typically 10 —15% gy (refer toQ9) | (refer to
of fresh weight) QlO)

(Q11) How many pesticide applications do you do iane year?

(Q12) How is crop residue treated?

Amount of residue

Unit (refer to dropdow@i3)

Method (refer to dropdow14)

SEQUESTRATION

Has there been a land use change?

Change (refer to dropdowl)

How long ago was this change
made (years)

Percentage of field that was
converted

If conversion from forest:

Forest type (refer to dropdovd?)

Age when felled

If conversion to forest:

Forest type (refer to dropdovd?)

Current Age

Has there been a tillage change?

Change (refer to dropdowp3)

How long ago was this change
made?

Percentage of land with practice
change?
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Has there been a change in the

use of cover croppgih

Change (refer to dropdowp4)

How long ago was this change
made?

Percentage of land with practice
change?

Has there been a change in the

use of composting?

Change (refer to dropdowp5)

How long ago was this change
made?

Percentage of land with practice
change?

Has there been a change in the

use of manure additis?

Change (refer to dropdowp5)

How long ago was this change
made?

Percentage of land with practice
change?

Has there been a change in the

use of residue inporation?

Change (refer to dropdowp5)

How long ago was this change
made?

Percentage of land with practice
change?

Annual biomass for trees in cropping system:

Tree #
to dropdown

Q6)

year)

Species (refer Density
(trees per
hectare last

this year)

Change in Diameter at | Diameter at | Units (refer to
density (trees| Breast Height| Breast Height| dropdown
planted or (DBH) (DBH) Q7)

lost, last year | (current year)| (previous

compared to year)

FIELD ENERGY USE / PRIMARY PROCESSING

Electricity used from grid

Quantity Units
F kWh Mj
P kWh Mj
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Electricity from local hydro renewable energy used

Quantity Units

F kwh Mj

P

Electricity from local wind used

Quantity Units

F Mj

P

Electricity from solar (photovoltaic cells)

Quantity Units

F Mj

P

Diesel use

Quantity Units

F US Gallons Imperial
Gallons

P

Petrol use

Quantity Units

F US Gallons Imperial
Gallons

P

Biodiesel use

Quantity Units

F US Gallons Imperial
Gallons

P

Bio ethanol use

Quantity Units

F US Gallons Imperial
Gallons

P

High density biomass use

Quantity Units

F Tonnes Pounds Tonnes (US

short)

P

Fuel wood use

Quantity Units

F Tonnes Pounds Tonnes (US

short)

P

Coal use

Quantity Units

F | Tonnes Pounds Tonnes (US
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short)

Gas use

Quantity

Units

=

Therms

Cubic metres Kg

P

Oil use

Quantity

Units

F

US Gallons

Imperial gallons

P

Waste water use

Quantity Units

Q7)

Treatment (refer to dropdown

US Gallons

Imperial
Gallons
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11.2 Annex ll: choice options in questionnaire

Annexes

FERTILISER USE

(Q6) Dropdown

1 Ammonium Bicarbonate - 30% N

2 Ammonium nitrate - 35% N

3 Ammonium sulphate - 21% N

4 Anhydrous ammonia - 82% N

5 Calcium ammonium nitrate -27% N

6 Calcium nitrate - 15% N

7 Compound NK - 19.5% N; 29.5% K

8 Compound NPK 15%N 15% K20 15% P205

9 Diammonium phosphate - 14% N; 44% P205

10 Kainit / Magnesium Sulphate - 11% K20; 5% MgO
11 Lime - 52% CaO

12 Limestone - 55% CaCO3 / 29%CaO

13 Lime, algal - 30% CaO

14 Monoammonium phosphate - 11% N; 52% P205
15 Muriate of potash / Potassium Chloride - 60% K20
16 Phosphate/Rock Phosphate - 25% P205

17 Potassium sulphate - 50% K20; 45% SO3

18 Super phosphate - 21% P205

19 Triple super phosphate - 48% P205

20 Urea - 46.4% N

21 Urea ammonium nitrate solution - 32% N

22 Compost (zero emissions) - 1% N

23 Compost (fully aerated production) - 1% N

24 Compost (other non-zero emissions) - 1% N

25 Cattle Farmyard manure - 0,6% N

26 Pig Farmyard manure - 0,7% N

27 Sheep Farmyard manure - 0,7% N

28 Horse Farmyard Manure - 0,7% N

29 Poultry layer manure - 1,9% N

30 Broiler/Turkey litter - 3% N

31 Cattle Slurry - 0,26% N

32 Pig slurry - 0,36% N

33 Separated Pig slurry - liquid part - 0,36% N

34 Separated Pig slurry - solid part - 0,5% N

35 User defined Compost (fully aerated productimged fertiliser
36 User defined Ammonium sulphate based fertiliser
37 User defined Anhydrous ammonia based fertiliser
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(Q7) Dropdown

N

P

K

P205

K20

MgO

Na20

O 00| N| O U] »| W| N|

Ca

CaO

(=Y
o

CaCO3

[
=

SO3

[y
N

Product

(Q8) Dropdown

Tonnes/acre

Tonnes/ha

Kg/ha

Kglacre

Pounds/ha (US)

Pounds/acre (US)

Ounces/ha (US)

Ounces/acre (US)

O 00| N| O U] »| W| N|

Fluid ounces/ha (US)

(=Y
o

Fluid ounces/acre (US)

=
=

Tons/acre

(Q9) Dropdown

1 Apply in solution

2 Broadcast

3 Broadcast or incorporate then flood

4 Broadcast to floodwater at panicle initiation
5 Incorporate

(Q10) Dropdown

1 None
2 Nitrification inhibitor
3 Polymer coated
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CROP RESIDUE MANAGEMENT

(Q13) Dropdown

1 Tonnes/acre
2 Tonnes/ha

3 Kg/ha

4 Kglacre

5 Tons/acre

(Q14) Dropdown

Removed; left untreated in heaps or pits

Removed; non-Forced Aeration Compost

Removed; Forced Aeration Compost

Left on field; Incorporated or mulch

Burned

| O | W N|

Exported off farm

SEQUESTRATION

(Q1) Dropdown

No

Forest to Grassland

Forest to Arable

Grassland to Forest

Grassland to Arable

Arable to Forest

~N| O O | W N P

Arable to Grassland

(Q2) Dropdown

Tropical rain forest

Tropical moist deciduous forest

Tropical dry forest

Tropical shrubland

Tropical mountain system

Subtropical humid forest

Subtropical dry forest

Subtropical steppe

©O©| 00| N| O U] »| W| N|

Subtropical mountain system

=
o

Temperate oceanic forest

[
=

Temperate continental forest

[y
N

Temperate mountain systems

=
w

Boreal coniferous forest

H
N

Boreal tundra woodland

[y
(&)}

Boreal mountain system
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(Q3) Dropdown

No

Conventional to reduced

Conventional to no-till

Reduced to conventional

Reduced to no-till

No-till to conventional

N O O | W| N|

No-till to reduced

(Q4) Dropdown

1 No change
2 Started adding
3 Stopped adding

(Q5) Dropdown

1 No change
2 Started incorporating
3 Stopped incorporating

(Q6) Dropdown

Coffee (arabica)

Shade (Cordia alliodora, Juglans olanchana, togduzzi, I. punctata)

Tropical moist hardwood

Tropical wet hardwood

Temperate/tropical pines

Temperate US eastern hardwood

Palm (chrysophylla sp)

Palm (attalea cohune)

O 00| N| O U] »| W N|

Palm (sabal sp)

(=Y
o

Palm (attalea phalarata)

[
=

Palm (Euterpe precatoria)

[y
N

palm (Phenakospermun guianensis)

(Q7) Dropdown

1 Mm

2 Cm

3 Inch
4 Metre
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