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1. Mission purpose

The purpose of the visit to the Trifinio region, (Guatemala, Honduras and El Salvador), was to initiate
studies for the development of adaptation tools for smallholder cofi@eners of this zone. A central

principle of the Coffee & Climate Initiative is that adaptation tools must be appropriate to local
SY@ANRYYSyillt O2yRAGAZ2YA YR O2KSNByYyid 6AGK FI N¥SN
of work has to be carrge out to assess these factors and the visit was the first activity of this
undertaking, using the methodology described below.

2. Background

Climate change is affecting Central America in quite extreme and unusual ways. étoiil2005)
confirmthat the region has clearly warmed over the léstv decades and extremes of temperature are
increasing in frequency

Although this region is under the influence of maritime air masses, the local and seasonal variations of
precipitation are surprisinglisigh and some of this variability can be attributed to seasonal variations in
the lower winds, associated to the dynamics of the Central American atmosphere and their interaction
with the local topography.

Aguilaret al. (2005)state that rends show a lajer increase in extremely high maximum temperatures
than decrease in extremely cold maximum temperaturesich means thatiurnal temperature ranges
are increasingTemperature indices show larger warming during the boreal summer and autumn
(roughly the vet seasoi), which reduces the seasonal contrasthe region Additionally,Lennox (2012)
provides compelling evidence of major increases in storm evarésthe past two decadg$ig. 1).
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Figure 1.Number of Central American of hurricanes and tropical storms
for the periods 197689 and 19962008 (from Lennox, 2012).

Climate projections for this region are also pessimistic, with an unusually high agreleeteren
models that the area will get botiwarmer and drieover the next 20 to 50 year$he current trend for

c/o E.D.E. Consulting (affiliate of Hanns R. Neumann Stiftung) « Am Sandtorpark 4 * Coffee Plaza * 20457 Hamburg * Germany



coffee &climate

enabling effective response

heavier and more frequent storms is also very likely to contidliegether this comprisea poor

outlook for Arabica coffeéarming which thrives on moderate weather and a high probability that

annual weather patterns will be similar. A detailed prognosis for coffee is lacking however and the lack
of meteorological stationsombined withthe topographical complety of the region mans that

uncertainty of outcomes is likely to remain high.

3. Methodology
¢CKS o0FaAo0 FLIWINZFOK gl a | WiINARIy3dzZ A2y Q YSGHK2R

1 local experts; especially extensionists with detailed experience of the locakeatbnes
T farmers (including farm visits to inspect the state of growing coffee)
1 available scientific knowledge

If data collected from all these sources has a large degree of overlap (i.e. agreement), then this gives
confidence that our findings reflect current reality, based upon the best possible evidence available (Fig.
2). If the various sources conflict, thearther investigations are necessary to discover the sources of
any uncertainties.

Climate change affects
coffee production?

Scientists

Figure 2. Triangulation: coherence of evidence from farmers,
extensionists and scientists on the effects of climate is sought.

4. Findings
4.1 Expert opinionl® meeting
Problem identification

A diagnosticmeeting was held with eight technicians from PROTCAFES (Proy@&cioacional @fé
Especial &tenible) todiscuss how climate change may be affecting coffee production.
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The technicians werérst askedwhether they believed that climate change is already affecting coffee
production al eightagreed. They were then askéal rate, according to their experiencapw severely
arange of climate variablemre affecting coffee production, both directly afat indirectly (Fig. 3).

The extensionists graded responses 1 to 10 {dugh), though subsequently these responses were
condensed to five categories, responding to very low, low, medium, high and very high impact.

For specific climatic events, they rdtstorms, irregular rain, high temperature range, drought, high

temperatures and high winds as the most important. There was a wide range of opinion, but only one in
eight responses graded any of the above at less than medium importance (Fig. 3, upper).
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Figure 3. How extensionists rated the importance of climate related geshs tocurrent coffee growing in the Tifinio
region. Upper: importance of specific climate variables; middéfects on specific aspects of coffee growing; lowbroader
effects. Factors are presented in approximate order of importance, decreasing from the left
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For specific effects on coffedisease registered the highest level of concern witheslpondents rating

it high or very higlf{Fig. 3, middle)For more general effects on coffee productionnian health and
landslides also featured as high rigkgy. 3, lower)Overall, extensionists showed considerable concern
about a wide range of facts, as evidence by the relative lack@# and very low scoreg(een and
yellow in Fig3).

When asked to rate seriousness of named pests and diseases (Fig. 4), rust caused the most concern,
followed by leaf spot (Ojo de GallMycena citricolor andCercosporacoffeicola Only coffee berry borer
(CBB) featured as an insect of medium to high concern.
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Figure 4. How extensionists rated the importance of pest and disease problems in the Trifinio region.
Extensionists were also asked about seriousiés®n-coffee problems afflicting coffee farmers,

including health, growing of other crops, basic infrastructure (roads) etc. Dengue, maize, beans,
bronchitis and roads featured as the main concerns (Fig. 5).

c/o E.D.E. Consulting (affiliate of Hanns R. Neumann Stiftung) « Am Sandtorpark 4 * Coffee Plaza * 20457 Hamburg * Germany



coffee &climate

enabling effective response

9 -
8 u
7 | I
6 u
5 1 m very high
4 m high
3 - .
H medium
2 .
low
1 -
0. m very low
R . \,\/Q/ 'é\‘o . {'&\") rbb‘o Q,é' \’,\\'Q/ Q 0{\' &\’b ec;\-
SR AR GV Ny
Q QO S X
Q > S
®° Q°
o
\)(\

Figure 5.How extensionists rated the importance of other problems affecting
Trifinio coffee farmers.

Identification of solutions

The extensionists were asked for their opinions on a range of possible solutions to the problems
identified. As before they were as#t to grade them from 1 to 10 in importance and these categories

were later reduced to five categories. Results can be seen in Fig. 6, approximately graded in importance
from left to right.
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The highest priority needs are tabulated below with brief comménhtble 1)

Solution (tools))

Comment

Alternative energy sources fdrouses

Eg. solar panels, improved stoves, efficient lighting

Good agricultural practice

Atechnology package to include soil analysis, correct fertilizat
and proactive preventative pest and diseastrventions

Cheaper finance

B2 NNE g Ay 3 & KBxeriiterdratas & atif common

Better coffee drying

Adequate patios protected from unseasonal showers

Rational water use

Water on steep sloped farms is often scarce;

Improved coffee varieties

Especially newer catimors that have good cup prsfile

Table 1. Principal tools for climate change adaptation suggested by extensionists.
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4.2 Expert opinion 2nd meeting

After field visits, a second meeting with extensionists was convened to discuss solutions in more detail.
This focused on the agreenigent need to improve good agricultural practice especially in the light of
the obvious effects of rust and anthracnose seen during farm visits.

Discussions focused on what should constitute a GAP package, the extent to which this should be
modified acceoding to altitude and the wide range of systemic fungicidal products mentioned.

GAP package
From discussions preliminary table was constructed (TaB)e

Timing

Action Comments

After harvest Soil and leaf analysis Soil analysis is relativediffordable from local

institutes; farmers should be encouraged to take
advantage of this

Before flowering | Foliar application of micronutrients According to soil/leaf analysis. If thisgreot been

done then a routine application should be made.

Beforeflowering | Standard soil application of NPK Liming may also be necessary to raise pH, accor
fertilizer to soil analysis

After flowering Second foliar fertilizer application Necessary?

June Preventaive application of copper
oxychloride

August NPKapplication

August Preventaive application of copper

oxychloride

Table2. A preliminary outline of a GAP package, for further discussion

Further comments and querigby the consultant)

1
T

Further consultation and discussion is needed to arrive at an agreed package .

{GFYRIFENR NBO2YYSyRIGA2ya FTNRY SI OK O2dzyiNEQa
compared; as much as is feasible, these should be followed unless good reasons for gaiodoin

are apparent.

The extent of foliar applications is questionable and the costs and benefits of this need to be
assessed. It may be a good way to urgently redress serious imbalances, but may be an expensive
routine measure, since it seems likely thabter more fungicide sprays will be recommended

and there will be a limit to how many sprays farmers will be able to afford. Cenicafé (Colombia)
havecarried outextensivefield experiments on foliar sprays and found they were never cost
effective. Howevethe drier conditions may mean that foliar applications are more effective in

the case of Central America.

The need for a third fungicide application: could this be on a needs basis, if farmers see

sufficient signs of rust activity?
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Systemic fungicides

During the field visits, a range of products were mentioned by extensionists, but which are the best ones
to use and under what conditions? A preliminary list of these was made and extensionists were asked to
show their preferences for one or two produgiBable3.)

Some points that need clarification

T
1
1

Under what circumstances should systemic applications be recommended?

What are the costs and benefits of each?

What is the minimum time required before harvest to ensure no tainting of the fungicide
reaches the cup?

Should the project have one/two firm product recommendation for each country?

Product Active ingredient(s) Preference (votes)
Alto 10 Cyproconazole XXXXX

Opera Pyraclostrobin + epoxiconazole

Opus Epoxiconazole

Silvacur Tebuconazole+triadimenole XX

Funglak Oxido de cobre + mancozeb

Amistar Opti Azoxistrobina+clorotalonilo XXX

Propilak Propiconazol

Caporal Triadimenol X

Table3. A preliminary list of systemic fungicides
for applying to coffee, elicited from extensionists.
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than at 1600m. So to what extent should there different recommendations for different altitudes?

A brief disassion of this was held but no clearly agreed course of action emeBgeed on this
meeting and field impressions, the consultant offers Tdkds an initial point of discussion.

Altitude range | Shade Fungal control Catimors Comments
level

<1000 m >60% At least three copper Not advised, should | Very marginal zone,

applications? be trying other crops | farmers will have to

diversify
1001-:1200 m 60% 2 to 3 applications Strongly advised Marginal zone for coffee
1201-:1400 m 40% 2 to 3 applications Advised
1401-:1600 m 40% 2 applications According to local SHB?
conditions

1600 m+ ? Spot applications only? | Not needed Specialty zone

Table4. A very preliminary attempt to zone coffee GAP recommendations.
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Suggested ext stepsfor development of a GAP package.

The discussions were useful to open up some of the difficulties in developing a sound GAP package. The
complexity of the zone, with many microclimates and soil types, together with an increasingly extreme
climate, make tisacomplex challenge. It will be difficult to arrive at a package that is comprehensive,
affordable and adaptable to local conditions, especially by the time of the start of the next coffee
seasonTherefore a preliminary set of measures should be as$etndnd if, possible exposed to further
comment before trials with farmers in 2013. Measures could include:

1. Reviewof field notebooks; especially for this year, what has workedder difficult conditions,
which farmers escaped the worst damage from cefifast, what did they do different®

2. Consult standard recommendatiofrem coffee institutes, how widely do they vary? Review
evidencec are recommendations backed by good field data? Hovodgate are they? (They
could be based on data from field cotidhs of 20 or more years ago and hence obsolete).

3. Expert workshop (extensionists, research scientists if available): once some data from above is
available andyraphed andabulated, discuss with experts, to arrive at some agreement on a
preliminary GAPackage and how this needs to be modified according to different altitudes,
slopes etc.

4. Farmer workshop: based on the above, discuss plans with farmer leaders, prospective
participants of trials, on feasibility of proposed plans and make modificationsewhe
appropriate.

5. Review available spray machinerpumps and nozzles are often inadequate for good coverage.
Carry out some preliminary trials with water and fluorescent dye and paper strips to determine
guality of coverage. This may need some specialisit.

From all this, arrive at an agreed preliminary best recommendation(s) fof@R&BP13 trials.

4.3 Meetings with other experts at the Trifinio technical centre

The presence of several project groups working at the Trifinio ceftoededan opportunity to get

some other views othe effects ofclimate changen this region People interviewed included Peter
Wachowski and Balmore Ochoa of the Proteccion de Bosques y Cuencas project, Adriaan Vogel and
William Ordofiez of the Program&ssques y Agua project, Juan Carlos Montufar Celada, Director of the
Trifinio technical centre and Danilo Padilla Coordinator of the environmental programme for the MAP
project run by CATIE.

None of these people were directly working on climate changedhaall were familiar with the
problems. They were specifically asked about availability of meteorologicafatafafinio, of direct
interest to the present project. Responses varied from the view that such data existed and could be
made available quiteasily, to the opposite that meteorological data was poor, with few years of low
guality data that might be difficult to accesghe general impression gained from comments on this
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subject is that the project cannot rely on this data to give much afidegas to recent changes in the
zone, nor areas that might be most exposed to aspects of climate change relevant to coffee growing.

Of most interest to the present project was the work of the Programas Bosques y Agua project, which is
carrying out some wjte detailed scientific work with indigenous groups of smallholder farmers that are
growing coffee as one of their crops. They may well have some wsgfatiences andata, especially

relating to control of erosion, water use etc. and if possible, ttigget should make a visit to their field
sites.

The CATIE project has produced a useful guide to composting that should be reviewed to see if the
techniques presented might be useful for coffee production.

Overall impression of the Trifinio centre:stgomewhat surprising that theseems to bano Trifinio
project or official directly concerned with climate change.

4.4 Field visitsg talking to farmers in El Salvador, Honduras and Guatemala

Some 15 farmers were visited in the three countiaesl qlestions put to them according to the form in
Appendix 1. &r the results presented below, these were added to a further 30 suppli€ebbjo Ruiz
based upon previous visits.

Main problemselicited from farmers

Answeringd K S |j defhdt is forynaiINRP o f SY Ay LINPRdzOAYy3I O2FFSSKQI |
first response, 2 for second and 1 for third. Results (Fig. 6) show a very high level of agreement on the

main three problemsdiseases, climate and finance

120 +
100 -

80 -

60 -

%]IIIIL

Diseases Climate Finance Pests Labour Others
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scored 3 points, second 2 points, third 1 point. 45 farmers interviewed.
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The flareup of coffee rust in recent weeks haknost certainlyraised this issue to the top of the
agenda. Since this is related to climate, then it is very clear that farmers are currently facing serious

climate related challenges.

A range of other characteristics recorded during the farm visits are presented in Fig. 7.
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Figure 7. Characteristics of 45 farms visited; figures related to percentages found in each category.

Analysis of yield data supplied by farmers revealed & wathge of values that seems to be altitude
dependent (Fig. 8). It is not known at this stage if this is typical of farms in the regions visitedntbes c

verified from fieldbook data.
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General observations

Coffee evidence of rust attack was widespread and was frequently accompanied-bgake

(anthracnose). In many cases attacks were serious and it is evident that many farmers will suffer
substantial yieldeductions for the coming harvest. This seems especially unfortunate since most farms

are otherwise in good condition with clear evidence that substantial investment has been made in
renovation and fertilizatiothat has resulted in heavy bearin§ince rat attacks may impact on next

@Sl NRa KINBSad Fa ¢Stfsx A ldmajorecondmia dificdtiesSveiithelngxt Y I y &
two years. Much of the bedboking coffee turned out to be of catimor origin, include LemplGAFE

90 (includingan improved cuguality ine) andCuscatlecgSarchimor), all of which proved to be

virtually rustfree with little sign of dieback.

Shade present in nearly all cases and was frequently more than 50%. Tree composition was quite
varied and included pinim some cases, where mineral deficiencies were most common, calisedt
certainlyby acid soilsln thefarms visited in thézsquipulas coffee zonelear evidence remained of a
severe hail and windstorm that had stripped leaves off coffee trees atadifalsubstantial number of
shadetrees.

Terrain small landslides and erosion on uncovered soil slopes were not uncomniarge landslide in

the Esquipulas zone had caused abandonment of a vilRagads leading to the Honduran and
Guatemalan farms we in very poor condition, some of the worst this writer has seen in Latin America.
If this is representative of the area, and heavy rainfall continues, then transportatitve cbffee
harvestwill be difficult and hence more costlipegree of soil covarn coffee plotsvas very variable,

with few wellcovered, well controlled plots. Weedy pldteweverwere uncommon, helped by the
preponderance of shade.

Farmers many were under 50, with some in their 20s or 30s. There were very few opportunities to
glimpse families and hence gain any impression of overall wellbeing and living standard, except in
Guatemala, where conditions looked quite primitiweomen were working on milpa (maize) plots

Overall meetings with farmers and visual impressions both diosenfirmed the opinions elicited from
technicians in Section 4.1. It is evident therefore that climalated events are having serious effects
on production especially through the upsurge in rust which is related to unusual weatther past few
weeks especially, which has caught farmers by surpttsgould seem that farmers mostly apply
fungicide in arad hocresponse to signs of rust rather than through a planned series of prophylactic
applications.

A problem for this project therefore is wetermine to what extent the causes of the upsurge are

abnormalg possibly highly abnormaand hence how likely they are to be repeated in coming years. If

the likelihood of a repeat of such weather is at all high, this implies that a great deal of aexlk to be

dzy RSNI I 1Sy ¢A0GK FI NYVShRAYGYEQ a&DOFIA SOEEXILINRE DK ( Y2 did
disease management.
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4.4 A brief review of sientific knowledgeof climate changeaas it relates to coffee

Precipitation

Precipitation is a key variable of interest to coffee growl@AT(2012)providesa verypessimistic
scenario for the Trifinio zone, with a projectedtastrophiadrop in precipitation of more than 20%r
the Esquipulas area over the next eight ye@ig. 9) and a 50% fall by 2050.
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Figure 9. CIAT(2012)estimatesof precipitation changes for Guatemala by 2020

However, heseestimates differ from other studies. Hence Hidalgo & Alfaro (2012) estimate an overall
4.9% reduction in precipitation for Guatemala by 2050, 2.3% for El Salvador and 2% for Honduras. They
also show the wide range of variation between different simulations, with mean estimates of
precipitation for 2020 virtually the same as todag can baeen in Fig. 1admperature however

seems very likely to risperhaps by an extra 0.25°C by 2D2Z0n the face of it therefore, scenarios
presented by CIAT (2012) seem unduly pessimistic.
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Figurel0. Spagnetti piot of the projections oannual precipitation (left) and temperature anomalies from 30 General
Circulation Model runs. The anomalies were constructed with respect to the 22909 period.

Precipitation intensityAguilar et al. (2005) show a clear trend to heavier raiefahts(Fig. 11)For

Central Anerica as a whole they describe it th@n intensified hydrological cycle with more rain coming

from extreme events and moewverage rain per episode appears to characterize the region and does not
appear to be linked to El i or dependant on the total amount of precipitation.

Annual maximum 1-day precipitation

-15 T L | I

1965 1980 1995

Figure 11. Regional annual anomalies (in mm) for to 12000 for maximum onelay rainfall (RX1day) for 1962003
(Aguilar et al. 2005).

Timing of pecipitation the key event in the Trifinio zone fa012 was the apparent disappearance of
0KS dzadzr f Wsumiylek dalejht (IMSDP eNgnihikhRsa familiar and regulaCentral
American phenomenon thdatirns out to becentredmore or leson the Trifinio zone (Fig. 12 his

failure to appeamayhave played a key role in tliecentrust upsurge, for it seems plausible that a dry
spell mighthormallyinhibit development of the rust epidemic to the extent that it coglastomarilybe
controlled by rather moderatead hocmeasuresasdiscussed abovéience the recent and future
changes in the MSD are of considerable potential interest to coffee growers.
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Figure 12. Midsummer drought region. Dashed lines denote variance
explained (%) by the secordrder harmonic for climatological
(1984 to 2000) My to October precipitation (Curtiss 2004).

Magafa et al. (1999) descrith@ bimodal distribution of precipitation over southern Mexico and Central
America during the summer months. They showed that the MSD is forced by the seasonal fluctuiation o
seasurface temperature (SST) andapppears regardless of the phase of the El Nifio/Southern Oscillation
(ENSO) and that there was no concurrent relationship between the MSD and ENE©(2004)

however suggests thdhe strongest MSD, in terms of percagedecrease in migsummer rainfall,

occurs in El Niflas compared tmeutral or La Nifia year8012 is a neutral year, so it is perhaps not
surprising that the MSD was weak this year but does not explain why it apparently did not show up at
all.

Further speclation on this is beyond the scope of this report, especially since the extent to which it has
disappeared in 2012 is currently not verifiable without access to meteorological records. If the MSD is
related to SST however, then rapidly increasing tempeestin the region might well be expected to
impact on this event and to some extent be predictable. The subject merits further investigation,
possibly in the first instance by attempting to contact experts such as Curtiss at the Goddard Space
Centre or otlers theNational Oceanic and Atmospheric Administration (NOAA)

Occasional mention by farmers was also made of unseasonal rainfall, especially during tharpest
period. Unfortunately we lack data to assess the extent of this problem and whi¢tisegetting worse,
but this undoubtedly a possibility that needs to be taken into account.

Overview of climate data
It can be stated with great confidence that:
1 Temperatures, already significantly anadticeablyhigher than 20 or 30 years ago, will conénu
to rise and mostly likely accelerate;
1 There will be increasing numbers of hot days and decreasing numbers of cold nights;
1 Individual precipitation events will continue to increase in intensity;
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It isalsolikely that coffee farming will be increasinglgminated by extreme weather events, ranging

from duration ofhours (severe storms with high winds and flooding), to weeks and months (prolonged

NI AYyTFrEtsS LINPf2y3ISR RNRdAdZAKGav® ¢KSaAS gAatft KIGS AY
them in ncreasingeopardy. The increasing likelihood of these events may mean that insurance costs

will be prohibitive. i may also mean that government, donor and NGO responses will be increasingly

stretched to deal with the number and severity of events.

However, itis unlikely that it will be possible to predict which of the above events will become more
probablec thus it is equally likely thasay, 2013vill be wet (high risk of rust) or dry (high risk of coffee
berry borer) or even both in rapid suession

Becausef this fundamental uncertainty, together with the complex topography of the zone with
multiple microclimates, accurate planning for specific climate events seems an unpromising strategy.
Hence unlike project work in both Brazil (wherel®tend to be oriented towards intense dggason
concerns) and Vietnam (where tools are oriented to water scarcity), in Central America it will be
necessary to prepare for a wide range of eventualities to reflect the uncertaitiésecent

experience Thisin turnwill require a much broader and more comprehensive apprdaaghanaging

risk, whichfor many farmers will effectively mean a major change in the way that they farm coffee. This
approach will be summarised in the following section.

5. Managing risk
Risk = Hazard * Vulnerability

Asfrequendesand intensityof climatic hazaragincrease due to climate change, farm@rs @dzf Y SNJ 6 A f A {
must be reducedn order to maintain risk at constant levels.

Vulnerability = Sensitivity * Exposure Adaptive Capacity

+dzf YSNIoAfAGe KSNB Oy NBFSNI 2 (GKS O2FFSSkakl RS
and infrastructure.

Sensitivityhere means how any element of the system responds to climatg. for rust the coffee
plant is highy sensitive to increased humidity at key points in its cycle. Sensitivity could be reduced by
planting a resistant catimor variethat is less sensitive to infection

Exposurgor example means the degree to which the coffee plant is exposed tchigiidity. This is
more difficult to control, but could be altered by reducing shatedme circumstanceshough this
would increase exposure to other weather variables

Adaptive capacitymeans the resources and knowledge of farmemsl support instituésto take the
right action, e.g. apply prophylactic copper sprays in a timely and efficient manner.

c/o E.D.E. Consulting (affiliate of Hanns R. Neumann Stiftung) « Am Sandtorpark 4 * Coffee Plaza * 20457 Hamburg * Germany



coffee &climate

enabling effective response

Clearly then,d reduce vulnerabilitynd therefore risksensitivity and exposure should be reddesd
adaptive capacity of farmers increas@able 5 esumes some of the risk factors and likely activities to
reduce them.

Factor Sensitivity Exposure Adaptive Capacity
Rust Replantwith catimor varieties Copper based sprays Field notebooks and
participatory trials; cup
testing. Develop busines
case forcatimors
Preventative treatment with Evaluate efficiency of
copper or systemics available spray
machinery
Train farmers on
spraying.
Heavy rain, Shade, windbreaks Field case histories
hail would windbreaks work?
High Shade Farmertraining in the
temperatures various uses/abuses of
shade
Hurricanes Shade strengthening Train farmers in
FI NYSNBEQ Rg S| emergency response
procedures
Landslides Tree planting, hedging and ditchin Risk assessment training
etc. for extensionists
Soil erosion | Cover crops Train farmers for cove
Crop use.
Drought Gypsum soil treatment Micro-trials to start with
Roads Resurfacing, regular ditch building 9y O02dzN} 3S ¥
and maintenance groups and community
action, municipal
engagement
Postharvest Coverings against rain Training
drying
Subsistence | Soil erosion protection; resistant Training irefficient
crops varieties production, drip
irrigation, composting,
IPM etc
Human Vector control (dengue) Awareness raising,
health trainingfor extensionists
and farmers
Early More timely applications for events Extensionist and farmer
warnings triggered by ENSO training

Table 5. Classification of risk factors aadartial list ofpotential remedies (tools).

As can be seen from Tabletbe need for buildig capacity is great and this implies a major investment
of time and funds on behalf of farmeand support institutedt means that the farmer will have to take
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many more actions than previously and be prepared to outlay more funiifeeihope of achieving a
lower riskas s/he becomes more proactive and less reactive
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confidence in the efficacy of the measures recommended. Aljhdhere are always difficulties with
recommendations, in a complex situation such as the present one, where uncertainties are high, it will

be important to prioritise activities according to degree of confidence that they will wWoykR ¥ I NI S NB& Q
abilitiesand willingness to implement

Resilience

The main impression gained from the field visits is of farmers that have weudienated risk in their
attempts to extract maximum profit. In a situation where yearly risks are increasing and unquantifiable,
areadl A S Wgl A G dzy ( Ai6noloiigera Satloaal apgradadd. FarmndirdhsBolildbig looking to
increase resilience and reduce efforts to chase stenrn profit as the graph below depicts (Fig. 13). In
practice this will be difficult, but it shoulihy the opinion of this consultant, become an underlying
LINAYOALX S 27F { RPrimaiNBi@ESeai thedprojeddshduld helioleBciddte the minimum
yield per hectare that is required for economic solvency and if this is achievable &twadesl given
proposed increases in production costs.

Figurel3.The tradeoff between output and resiliencdafter Goerner et al. 2009
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which will bean optimal tradeoff between farmers ambitions of a bumper harvest and the
SEGSyaArz2zyAraidQa FSIEINA 2F OlFdGFradNRLKAO f2aa
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In the following section wide range of measures will be briefly coveréidgat shouldto be considered
by the local team
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