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Executive summary

Inthe present studyGerman Sparkassenstiftung for International Cooperatidh(DSIK), the
Hydrometeorology and Monitoring Center of the Ministry of Environment of the Republic of
Armenia(HMC),and Leibniz Institute of Agricultural Development in Transition Economies
(IAMO) have jointly worked onraation-wide assessment about theffect of climatechange

on micro- and smallholder farmeri&m Armenia

We here provide empirical ewthce for the impact of past and future climatic conditions and
weather extremes on agricultural production in the country. For thisfivgt characterized

the agricultural sector of Armenia and selected the economically most important ¢napk
packagel). We sarced and processed environmental datasetsctwaracterizehistorical
climatic trends and the occurrence of wildfiresthe country (work package 2). Vé@alyed

the historical effects oflifferent climate and weathemparameterson the productionand
suitability of the selected cropsvprk package3) and projectd how yields and suitability will
change in the future undetifferent climate changecenariogwork packaget).

Work package 1

In work package 1, we provide an overall descriptiothefagricultural sectoin Armenia
definethe target groups select the most important cropand take stock of existing climate
risk management strategies. Based on the key literatamd official agricultural dataywe
characterizedhe agricultural sectoand how it has changed over time on a swdiional level

The first part of WP1 provides an overview farm structures, agricultural production and
crop area.Despite regional differenceacross theeconomic zones oArmenig we highlight
several predminantcharacteristics

- Agriculture is one of the most important sectors in Armenia, contributing 12i% GDP.

- In 2019the real gross value of agricultural production was 852,800,000 million AV®.
regionsArmavir, Ararat and Gegharkunik contributéee most to this value.

- Vegetables contribute the highest share to the gross harvest of the main agricultural
products in Armenia.

- Most farms in Armenia areither commercial or family farms. Many fariag without legal
statusand have less than fivworkers. Agricultural holdings without legal statugpically
have a size betwee@.1 and 3 hectares, whereathose with legal statubave farm sizes
between 1 and 20 hectares The annual economic turnover is betwe&@00and 15,000
Eurofor family farms, andbetween1000 to 50,000 Eurfor commercial farms

- Family farms outnumber commercial farmssawn area for allypes of cropsCommercial
farms tend to substitute forage crops fgrain cropsand legumes. Family farmsshow
decreases isown area foboth graincrops,legumesand foragecropsover time
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In the second part of WP1, we seledtthe economically most important crops of Armenia,
basedon production levels, harvested area, and yiefguricot, peach, apple, plumyinter

wheat, spring barley, tomab, berries, potato and cucumbeHowever, because of data
constraints, we had to change this selection for the subsequent work packages and exchanged
plumandberriesfor silage maize, pear, quineadcornel

Ultimately, wesynthesied existing risk managment concepts. Based dhe Resilience Index
Measurement and Analysis approagle constructedour important capacity building pillars
(Access to Basic Services, Assets, Adaptive Capacity and Social Safeby ldpfgying
Structural Equation Modelling-he underlying dtawasobtained from selected specialists and
FNRY | LINBGA2dza adz2NBSe OFfttftSR ahy [/ 2YY2RAG@
Given the significance of adaptive capacity, the magnitude of relationship with the household
resilien@ capacity indewasvery high. Efforts to improve the adaptieapacity of households

will translate into an increased ability to mitigate climate change consequences. In this case,
the households would become more adapted for example by improving atzesdension
services, strengthening the capacity of farms to fulfilling quality requirements as well as
providing subsidies to enabtae adaptation of technologies.

Work package 2

In work package 2, we establesththe basis for the subsequent work pages by analyzing
free and operaccess geospatial environmental data. We proedsiily rainfall records from
the Climate Hazards group Infrared Precipitation with Statiodataset (CHIRPS,
https://data.chc.ucsb.edu/products/CHIRRI®/global_daily/netcdfp05) and hourly
temperature records from theERAH.and dataset [(ttps://cds.climate.copernicus.eu/
cdsapp#!/datasetieanalysisera5land) of the Copernicugprogram. BothCHIRP&nd ERA5
Landare gridded reanalysis products with a spatial resolution of 0.5 degrees (~5.5 km) and 0.1
degrees (~11 km), respectively, and are continuously updatedadnreal time, which permits
for updates of our results once new data becomes availdkeusel the Caucasus Land Cover
Map from the SILVIS lab of the University of Wiscor{siip://silvis.forestwisc.edu/data/
caucasuyto create a cropland mask for the entire country of Armenia. Weiagphis mask
to the data from CHIRPS&Nnd ERAH.and to calculate historical trends of changes in
precipitation and temperature in agriculturally used areas of each administrdistect of
Armenia. In addition, we also apgd the cropland mask in assessing the trendiimber and
intensity of cropland fires by combining it with ! { !Fea Information for Resource
Management SysterfFIRMShttps://firms.modaps.eosdis.nasa.gov/active fire


https://cds.climate.copernicus.eu/%20cdsapp#!/dataset/
https://cds.climate.copernicus.eu/%20cdsapp#!/dataset/
http://silvis.forest/

f Agricultural Development
jomies

Leibniz|
n Transi

Work package 3

In work package 3, we developed predictive models to estimage historical effects of
climate and weather on the production of the most important crops in Armenia. To do so, we
combined the data from work package 2 with official proviieeel yield statistics from the
years 2005 t®2020 published by the StatisticBlbmmittee of the Republic of Armeniand

with phenologicalobservations and temperature measurements, which were recorded at a
total of 48 agrometeorological stations and kindly provided by HMC.

Forgrain crops and vegetablgsvinter wheat, spring barleysilage maize, potato, cucumber,

and tomato) we used the phenological observation record to define esppcific
development stages for which we summarized the climatic conditions of each growing cycle
with a total of five climatic mean (minimum, averaged maximum temperature, cumulative
precipitation, and growing degree days) and six extreme weather variables (day heat, night
heat, day heat waves, night heat waves, heavy precipitation, and frost). To understand which
climate mean and extreme weathernables have been most important in determining yield

in the past, we used these variables as yield predictors in a random forest model, a machine
learning technique that has been widely used in crop modeling and is particularly capable of
handling colineapredictor variablegFeng et al., 2018; Jeong et al., 2016; L Hoffetaa.,

2020; Roell et al., 2020; Schierhorn et al., 2021; van Klompenburg et al., 2020; Vogel et al.,
2019) In each cropspecific model, we obtained an importance value and a depiction of the
functional relation with yield for each climatic variablehish we discussed in the light of the
prevailing production patterns in the countand with respect to the existing literature on
climate and weather effects on yield. Overall, fsand that climatic means have been more
important for yield levels than éseme weather eventsNeverthelessparticularlythe results

of the grain crop models indicadenegative effects oheavyprecipitation during different
development stages. For winter wheat, our model results disdtse negative effect of high
maximum emperature during anthesjsvhich isa typical characteristic of whedFarooq et

al., 2011; Innes et al., 2015pur vegetable models also revedinegative effects oheavy
precipitation, but largely positive effects of high temperatures.

For pomaceous and stone fruit§apple, pear, quince, apot, cornel, and peach), we
determined the amount of chill temperatures that accumulate from autumn until the
beginning of bud bursting in spring. Fruit trees require such intermediate chill temperatures
during winter for proper developmen{Fraga and Santos, 2021; Luedeling et al., 2011,
Luedeling and Brown, 2011)\Ve calibrated this model with phenological and temperature
data from the agrometeorological stations and then applied it to the whole country. Through
this process, we obtaed maps of the longear average amount of accumulated chill
temperatures, which we classified to obtain maps of the past suitability for the production of
each fruit type Ourresultssuggesthat entire Armenia has been suitable for the production
of the six fruit types considered. The mountainous regions of the northeastern part of the
country provide more chilling than these fruits actually require, yet production levels are very
low in these areas, probably due to other factors, such as adverse situitigs which
complicates the marketing of the produce, and low population density

5
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Work package 4

In work package 4, we integratduture climate data into the models developed ihe
previouswork package to predict future crop yields for grain @@md vegetables, and future
suitability for pomaceous and stone fruits. We anatyzmily climate projections of four

climatic variables (minimum, average and maximum temperature, and precipitation), for two
future scenarios (RCP 4.5 and RCP 8.5) andidoiuture periods (2042060-& y S NJ ¥ dzii dzNB
20812099 - ¢ FI NkNB dzi o 2 S 2001 Ay SR I8IKIB &fositoR/l { | T
(https://data.isimip.org and restriced our analysis to the four climate forcing models fo

which data is avaable for all mentioned parameters and scenarios: GEBM2M, HadGEM?2

ES, IPSCM5ALR and MIRQE. To calculate relative and absolute future climatic changes, we
comparel the future predictionswith the historical baseline model of 18-2005. Wedid not

restrict our analysis to a cropland mask, since the future allocation of cropland is highly
uncertain.For grain crops and vegetables, we assumed that the crop phenology and hence

the onset dates of the development stages would not cleaimgthe future.

For winter wheat and spring barley, we predicted the highest decreases in the southern part
of the country, and increases in some provinces in the north, whereas for tomato and
cucumber, we mostly predicted yield losses. Our results alggest that the suitability for
pomaceous and stone fruits will decrease with increasing future warming, i.e. suitability will
be lower under RCP 8.5 than under RCP 4.5 and lower in the far future than in the near future.
We showed that pomaceous fruitsgale, pear, and quince) may be more susceptible to
future warming than stone fruits (apricot, cornel, and peach). However, our models predict
that the entire country will remain suitable for the production of all studied fruit crops, since
the future amoun of chilling is not projected to fall below the historically observed minima in
any region. In the future, fruit production might have to gradually shift to higher altitudes to
ensure sufficient winter chilling under ongoing climate change. In all thaleeilations, we

did not account for any possible future adaptation measure in crop management, land use, or
technology. The results should therefore be interpreted as what could be the climatic impacts
on crop yields and suitability with current crop pradion, but under future climate
conditions.


https://data.isimip.org/
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1. Subnational assessmaiithe agricultural sector

1.1 Agricultural Sector

Agriculture is one of the most important sectors in Armenia, contributing 12% of GDP. In 2019,
there was 2.04 million ha (Mha) of agricultural land out of total 2.974 Mha of available land in
Armenia Tale 1). AlImost half of the total land area of the country belongs to the mountain
plateau, which is not suitable for intensive cropping. Therefore, there is a scarcity of arable
land representing 0.444 Mha out of total agricultural land with 2.044 Mha. Rentp0.036

Mha and 0.121 Mha are perennial grass and plelagiud respectively. Moreover, around
1.051 Mha land is used as pastures.

Tablel: Total land area and agricultural lands (000, ha)

Land 2015 2016 2017 2018 2019
Total land Area | 2974.3 2974.3 2974.3 2974.3 2974.3
including:

agricultural land | 2045.7 2045.5 2043.8 2044.5 2044.2
arable land 446.7 446.4 446.0 445.6 444.8
perennial grass | 34.4 34.7 34.8 35.3 36.4
ploughland 121.1 121.1 121.0 121.0 121.1
padures 1051.3 1051.3 1050.8 1051.6 1051.1
others 392.2 392.0 391.2 391.0 390.8

Source(NSS 2020c)

In 2019, a real gross value of agricultural production was 852,800,000 millior{M®#E2019)

In the grossagricultural output, Armavir, Ararat and Gegharkunik mostly contributed with its
more than 100 million AMD in 2019. Next regions such as Shirak, Aragatsotn, Kotayk, Lori and
Syunik produced agricultural production more than 50 million AMD. The least lootiig
regions are Tavush, Vayots dzor and Yerevan city.

Although there was a decline in gross agricultural output for the last years, more than a fifth
of population were still employed in agriculture in 20IBale A 1 At the same time,
agriculture pays a significant role for income generation for rural population. For example,
there was a noticeable rise in the share of household per capita agricultural inda@bke (A

2). Looking at the gross harvest of main agricultural products, the largest shareps in
Armenia is explained by vegetables, which has decreased from 1.007 million tonnes (Mt) to
around 0.622 Mt over the last 5 yeafdure ).
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Figurel: Agricultural production (1,000 tonnes)

Source(NSS 20)

The share of vegetables was 0.612 Mt or about 33% of agricultural production in 2019. The
production is higher in Armavir and Arardtaple A 3 Correspondingly, these both regions
produce more than 80% of vegetables. In this case, yields of vegstaloé around 30
tonnes/ha in the regions. However, the production decreased by about 40% in the last years.
Looking at dynamics, a similar decreasing pattern is observed in potato productions. For the
regional perspectives, Gegharkunik has the largesteshg producing 0.170 out of 0.404 Mt
(Table A % Similarly, Shirak, Lori and Armavir predominate in the production of potatoes. In
the majority of these regions, the average crop capacity of hectare is more than 20 tonnes/ha.
The third largest crop prodition is related to fruits and berries, particularly from fruits. In the
production of them, a regional disparity is relatively high. For instance, Armavir and Ararat
lead in the gross harvest by producing around than 0.09 and 0.07 Mt in turn out o0t2€4)
Mt (Table A b Respectively, the average crop capacity by producing more than 10 tonnes/ha
is a typical characteristic of these regions. As for Aragatsotn, Kotayk and Syunik, each
contributes to the production by harvesting well above 0.01 Mt. Otkenaining regions have
just under 0.01 Mt of production. The production of grapes is the next dominant crop
representing 12% of total production or around 0.217 Mt. Looking at the dynamics of
production, there has been a small decline over the last 5s/ddost of the production is
related to Armavir and Ararat, where more than 80% of vineyard harvest is realiabte (A
6). Correspondingly, the average crop capacity in these regions is comparatively high, which
makes up more than 20 tonnes/ha in Aragaid 15 tonnes/ha in Armavir. There is a noticeably

9
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decreasing pattern in the grain and legume crops showing well above 0.198 Mt of production
in 2019. A regional similarity in the production of these crops is relatively high because only
Vayots dzor, Tavhsand Ararat harvest around 0.01 Migble A Y. For the grain and legume
crops, wheat harvest also declined by almost three times for the last years from 3.627 Mt to
about 0.113 Mt(NSS 2020b)

1.2 Farm Structure and Target Group

Although there is no clear definition of famifarm or smallholder farm@AO 2019h)the
structure of agricultural farms inrAenia is characterized by either commercial or family
farms. Looking at both substantive and statistical definitions, family farms mean agricultural
holdings managed and operated by a household or family members being reliant on family
capital and labo(FAO 2021)

Table2: Agricultural output by farm structure (atirrent price, percent)

2015 2016 2017 2018 2019
Total 100 100 100 100 100
including
Commercial 2.9 3.2 3.5 51 6.2
farms
Household 97.1 96.8 96.5 94.9 93.8
plots/ Family
farms

Source(NSS 2020c)

According to the National StatisticService of Armenia, household plots are defined as family
or individual (peasant) farms engaged in agricult(iM&S 2020cfFarms in Armenia operate
their agricultural activities with or without legal status. With their legal status, farms are
registered as legal entities and private entrepreneurs; otherwise, individual or family farms
function by obtaining the membership of horticultural associations being farms without any
legal statugNSS 2014)According to the secondary data, the majority of farms involved in
agricultural activities were operating without any legal stafliakle A & Although there are
some limitations in the documentation ddibours, an existing documented census indicates
that a very large majority of farms without legal status had up to 5 mem@esi€¢ A P This
implies that many representatives of farmers in Armenia are household farms without legal
status by having upt5 workers. Lands of agricultural holdings for those without legal status
shows that it represents ranges from 0.1 to 3 ha compared to those with legal status under
the range of 1 to 20 hal@ble A 10 The largest average agricultural land per familynfeg in
Shirak and Syunik accounting for more than 2 ha. Armavir region has the average agricultural
land by 182.23 ha per farms with a legal status. Looking at turnover, family farms have the
range between 1000 up to 15,000 Euro while commercial farmslaaeacterized by annual
turnover ranging from 1000 to 50,000 Euro. Looking at productions, 93.8% of gross agricultural
10
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outputs are produced by family farm§dble 2. In other words, more than 800 bin AMD gross
agricultural products were produced by houmséd plots and family farms compared to 52.7

bin AMD products produced by commercial farms. Looking at sown areas, 0.224 Mha belongs
to household plots, while 0.003 ha is used by commercial organizgf®S 2020cpPespite

the fact that main typs of agricultural outputs are produced by family farms; nevertheless,
the share of commercial farms in the production rises noticeably. For example, the share of
commercial organizations in vegetable crops have increased from 0.005 to 0.026 Mt over the
last 5 yearsTable A 1L Over the same period, the contribution of family farms in vegetable
output drops by about almost twice from 1.001 to 0.595 Mt. Other dominating crops such as
grains, legumes and potatoes decline in the production of family farims.pfoduction of
grapes by commercial farms jumps from 0.003 to 0.012 Mt while the share of family farms
declines by about 0.100 Mt.

1.3 Sown Area

The area sown to annual and permanent crops changes depending on the types of crops. For
example, there ia rise on the sown area to high value crops due to changing the market
structure in other sectors, and rising the demand for certain crops. A major difference for the
sown areas is that family farms predominantly outnumber commercial farms in all types of
crops. Looking at the dynamic perspectives, increasing pattern of grain and legume sown area
or decreasing pattern of forage crop area is very typical of the commercial farms. As for family
farms, sown areas for the grain and legumes together with foragps decrease noticeably.

11
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Figure2: Sown areas by farm structure in 2019 (1,000 ha)

Source(NSS 2020c)

In terms of sown areas under family farms, more than 0.121 Mha was used to cultivate grains
and legumes in 201%{gure 2. Although there is a decline in the area for grains and legumes,

it still dominates in the structure of family farm plot allocation and represents more than 50%
of sown areas. Next predominant type is characterized by the forage crop area, which
deaeases noticeably reaching close to 0.060 Mha. There is a small rise in the plots used for
fruit and berry plantations. A total planation area of these crops makes up well above 0.043
Mha. Both potato and vegetable crop areas have experienced a noticdabtease over the

last five years. Moreover, the area of grape plantations also decreases from 0.017 to 0.016
Mha. Remaining watemelons and industrial crops are less used areas, which have a
decreasing pattern.

12



Leil
in onomies

bniz Institute of Agricultural Development
Transition Economie

2. Selection of ten most importamops

Crop analysis is carried out based on production levels, harvest area and yield cghatiey
al. 2017) Three criteria are fundamental to farmers and policymakershe decision making.
Selected crops ifable Fehler! Verweisquelle konnte nicht gefunden werdeshows that it

generally covers cereal and leguminous, industrial, vegetable and fruit crops.

Table3: Selected crops

Crops Production (Mt) Crop area Crop capacity Income
(Mha) (tonnes/ha) (USD/tonne)

Apricot 0.060 0.013 6.57 820
Peach 0.060 0.004 12.85 510
Apple 0.081 0.010 8.11 420
Plum 0.023 0.002 9.70 355
Wheat 1.113 0.059 1.60 246
Barley 0.068 0.049 1.50 241
Tomato 0.159 0.004 36.5 260
Berry 0.012 0.001 32.2 -

Potato 0.404 0.002 26.3 250
Cucumber 0.044 0.001 24.2 402

Source(NSS 2020c; FAO 2019a)

The level of marketability in individual crop selection is important as it is one of particular ways
to increase tle gross margin per ac(®ixie 2005)In this circumstanceafmers should focus

on the commercial viability by reducing the probability of market failure for the crop.
Correspondingly, we focus on the level of marketability for the main 10 agricultural crops as
being one of selection criteria. Looking at the prisndata, the significance of marketing for
agricultural production is mentioned. Precisely, more than a third respondents mentioned the
problem of market power in the supply chain. One of possible explanations of this problem is
due to the concentration t@ain substantial monopolistic power of large companies in the
supply chain. Moreover, close to 20% of farmers had the difficulty explained by the available
market information for the crop marketability. The third common problem was the availability
of price information causing challenges to strengthen a farm market orientation.

13
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Figure3: Crop marketing problems (percent)

Source: Commodity supply chains in Central Asia and Caucasus, 2015

Above mentioned three factors defining tle®ndition of agremarket in Armenia signal low
functioning of market efficiency. However, certain crop groups are still relatively efficient in
terms of marketability. Looking at the country level, the highest marketability level is apparent
in the watermelons and grapes, which makes up more than 9BKgute 4. Following this,
vegetables and fruits with berries are the next most marketable crops accounting for more
than 80% and 60% respectively. The marketability for potato represents more than 40%
compaed to the level in grain and legumes which is above 30%. Generally,-matens,
grapes and vegetables are crop groups which have the highest marketability.

14
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Figure4: Marketability of main agricultural crops in 2020 (pere

Although, the trend is clear in terms ofarketability for the types of crops, there is the
existence of regional differences. Aforementioned high level of marketability dominance in
certain crops is apparent in some regioRgg(re . For example, Armavir and Ararat are the
regions, where the kel was higher than 50% for all crops in 2020. Except grain and legume
crops together with grapes, Aragatsotn also relatively dominates with the marketability level.

Source(NSS 2020a)

The level is also comparable for potato crops in Gegharkunik and Shirak.

15



QMO

Leibniz Institute of Agricultural Development
in Transition Economies

Aragatsotn
Ararat

Armavir

Gegharkunik
Kotayk

Lori
Shirak
Syunik

Tavush

Vayots dzor

I
0 20 40 60 80 100

B Grains and leguminous | Potatoes
B Vegetables [ water-melons
P Fruits and berries B Grapes

Figure5: Marketability of main agricultural crops in Armenia for 2020 (percent)

Source(NSS 2020a)

Such regional diversity of marketability levels may probably depend on the number of
available farms for processing and selling agricultural products in the country. For example,
only available AgriculturaCensus data of Armenia indicates that Armavir, Gegharkunik,
Ararat, Aragatsotn, Lori, Shirak and Tavush are leading regions with the number of farms
engaged in processing and selling of agricultural proddablé A 8

Linked with the level of marketdiiy, waterr-melons, grapes and vegetables were the
foremost crops sold in the market in 20IBaple 3. For instance, Ararat and Armavir regions
have the highest market realization of melon products ensuring more than 90% and 80% of
sales in turnKigure Al). Lori, Syunik, Tavush and Vayots dzor regions use wedkems for
own household consumption. On the other hand, Ararat, Armavir and Vayots dzor regions are
dominant in the sale of grapes compared to other regidfigyre A 2 At the same time,
Syunik Lori, Kotayk and Aragatsotn regions use grapes for the household consumption.
Armavir, Ararat, Aragatsotn and Kotayk dominate in the trade while Tavush and Vayots dzor
consume vegetables in the household&glre A R For the case of potato, the situati is
very similar to the realization of vegetables, where Armavir, Ararat, Gegharkunik and
Aragatsotn have the highest market realizatiiglre A 4 Correspondingly, Vayots dzor and
Tavush process potatoes for the household consumption. Fruits andebeare also
commonly marketed in certain regions. For instance, Ararat and Armavir have the percentage
of marketing at morghan 80% [figure A h Syunik, Shirak and Lori regions use more than
16
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50% of fruits and berries for the consumption. For the housglemnsumption, grain and
legume crops are dominant by representing 44% out of which 41.3% is recycled.

This situation is also true for many regions of Armenia. For example, Vayots dzor, Tavush and
Syunik regions had more than 50% of own consumption éutlach more than one a third
was recycled in 201%igure A &

Table4: Realization of main agricultural crops (percent)

Total sold exchanged | exchanged | used in the| from which | others
for goods for services | household
recycled

Grain and 24.9 5.1 0.8 44.1 413 25.1
Legumes

Vegetables 100 82.6 1.9 0.3 11.8 34.7 3.4
Potatoes 100 41.5 5.0 0.9 21.3 - 31.3
Frut and 4, 59.6 2.9 13 23.0 42.8 13.2
Berries

Water 100 94.2 0.2 0.2 53 1.3 0.1
melons

Grapes 100 90.4 0.4 0.2 7.0 70.1 2.0

Source(NSS 2020a)

A comparative analysis of getable crops indicates that tomato is the dominant crop
harvested. The production was around 0.159 Mt in 2Hig§yre §. Respectively, the harvest
area is also the highest at 0.004 MAable A 1P In this case, the average crop capacity of
tomato is mae than 36.5 tonnes/ha, which is the highest between vegetable crops. Looking
at the farm profitability, farms were able to earn 260 USD/tonne in 2019 (FAO 2019a). By the
highest production of vegetable crops, cucumber is also one of the most harvesteslioro
Armenia. Accordingly, it was 0.044Mt by having the capacity of 24.2 tonnes/ha and income
402 USD/tonne in 201AO0 2019a)Therefore, the highest income was earned by producing
cucunber in vegetable crops.
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Figure6: Vegetable harvest (tonnes)

Source(NSS 2020c)

A total production of stone fruits in Armenia is the second largest with more than 0.170 Mt.
Accordingly, the average capacity of stofmeits makes up 8.32 tonnes/halgble A 1R
Apricots and peaches with nectarines were most harvested stone fruits accounting for more
than 0.060 Mt each in 201@AO 2019a)Correspondinky, the average capacity of apricots
represents 6.57 tonnes/ha while peaches and nectarines show 12.85 tonnes/ha. In this case,
the farm income in apricots shows 820 USD/tonne representing the highest contribution of
agricultural products. The third largebarvest is related to pome fruits, which represents
0.095 Mt. A total planation area is 0.013 Mha by having 7.3 tonnes/ha crop Vadbte(A 13

In this group of fruits, the largest share belongs to apples representing 0.082AM 2019a)

As for the income by pome fruits, the highest contribution to farm income realized by apples
at 420 USD/tonne by having 8.11 tonnes/ha crop yield.
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Figure7: Fruit orchardberry and grape harvest (tonnes)

Source(NSS 2020c)

The production of winter and spring wheat in Armenia was close to 1.113 Mt in 2019, which
was the largest among grain and legume crops (see FRure harvested area for total wheat
takes 0059 Mha by having more average crop capacity at more than 1.60 tonnekdde(A

14). Annual farm income was 246 USD/tonne in 2(AA0 2019aMoreover, the production

of potato is also dminant in Armenia which represents 0.404 Mta in 0.002 Mha area by having

2.3 tonnes/ha capacityNSS 2020c)The income from potato production represents 250
USD/tonnes.
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Figure8: Grain and leguminous crop harvestr(es)
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3. Synthesis of existing risk management concepts

A resilience as a proxy is measured through observable factors (pillars). It shows how the
households are able to cope with climate change shocksadiyating available risk
management techniques. By definition and statistical properties, resilience is defined as the
capacity ensuring climate shocks do not have Hasging consequences in farm livelihoods.
According to RIMA methodology, there areufomain factors or pillars to represent the
resilience(FAO 2016)One of the key objectives of RIMA methodolaghat it represents the
linkage between resilience with climate change impact by analysing the response mechanisms
of households.

- Assets (AST) represent household capital (mainly agricultural) to withstand the shock;
- Access to Basic Services (ABS) srefacilities and infrastructure of the household
that is important to respond to the shock;
- Adaptive Capacity (AC) is related to the adaptability or ability to cope with the shock;
- Social Safety Nets (SSN) is related to any social capital or tiemthbhé used to react
and bounce back from the shock.

In this respect, each pillar is measure through factor analysis (FA) under observable variables.
Through factor analysis, the resilience itself can be formalized as:

YQi Qa0 @ARODYEG 0 Q06 YW 6 W 6RYTYE (1)

I @ AT O6fS LINARYFNER RIFIOGF FNRY GKS adz2NBWSe ahy
/I dzOl &dzaé¢ 6AGK opd &l Yotalfs Gesciibing Bsilidnge©HadaRedstic® 6 a S N.
(Table A 1» Generally, the result of household resilience as a climate change mitigation
strategy stresses a notable need to improve all pillars as providéigure 9 The need to

improve the resilience capayg through Access to Basic Services (ABS) is important. Since the
pillar represents the irrigation system in Armenia, related risk mitigation strategies by
enhancing translates into improved resilience capacity towards climate change. Outreaching
and buitling climate resilience of the most vulnerable farms are encouraged to apply-water
saving irrigation technologies such as drip irrigation. For example, in Arnasay 7000 ha of 220
household farms are equipped with drip irrigation system under CBA pr@jg¢DP 2011)

For strengthening ta resilience in the face of severe natural events, the implementation of
water-saving irrigation and rehabilitation of water reservoirs in Sugd Province of Tajikistan is
another example strengthening climate change adaptation meagqi@&s 2018)The project
implemented by FAO supports sustainable land and water management iawnldg of
Kyrgyzstan(FAO 2020) In this case, watesaving irrigation and wateefficient crops
reinvigorate farmers to implement adaptation measures in agriculture. For example,
introduction watersaving irrigation accompanying the use of oyalseed and the
rehabilitation of water reservoirs under the project by the German Federal Ministry for
Economic Cooperation and Development (BMZ) encourage poor households in the mountain
valleys and foothills of Batken Province in Kyrgyz6&ld 2018)
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Resilience
1

AST ABS AC SSN
.88 47 2 53

Y S

R squared: 0.701
N =359
***p<0.01, **p<0.05, *p<0.1

243**

Figure9: Resilience measurement through StruatuEquation Modelling (SEM), (A&3sets; ABBccess to Basic Services;
AGAdaptive Capacity; and SSdcial Safety Nets)

Given the significance of Adaptive Capacity (AC), the magnitude of relationship with
household resilience capacity index is one af thighest. Efforts to improve the adaptive
capacity of households will translate into increased ability to mitigate climate change
consequences. In this case, the capacity of households becomes more adapted by
strengthening using different types of subsiglj receiving extension services, fulfilling quality
requirements and othersTgble A 1h

- Precisely, using machinery, credit, fuel, fertilizer, and seed subsidized inputs tend to
increase household ability to adapt to the changing environment. In a peadtie
agricultural sector is inherently resilient from one side due to the National Agriculture
and Rural Development Strategy (NARDS) by establishing the Regulation on Subsidies
for the period of 5 years (2032021) in MoldovdGerciu et al. 2017r the lawd h y
adFdS adzZJilR2 NI 2 F (bEoRIR@aSiniladiIhe vesblutibn BEI A Yy S €
Kazakhstan by the Ministry of Agriculture have been adopted to support farm activities
through subsidy on inputd~AO 2012)

- Both availability market information and extension services for farmers imply that
households become more adapted by improving their conditions inr tiogvn
environment. Considering extension possibilities taken under this pillar, farms
participation in extensions services is likely to strengthen a risk coping probability,
coupled with the availability of market information or marketing opportunitiest F
example, the project implemented to improve national extension services shows that
extension services are likely to increase the likelihood to adapt in the climate change
mitigation (FAO 2020a). For example, the context of Turkmenistan shows that
develmping access to climate smart advisory service under resilient extension
approaches increases the capacity of farmers to apply climate adaptation strategies
(Adaptation Fund 2017)

- Related number of plots involved in agriculture and fulfilling quality requirements
retain the same functions to reorganize capacity of a household in reacting to climate
changes. A similaapproach to increase farm resilience is realized through the
development of quality standards for drougtdlerant varieties and the establishment
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of portfolios adapted to drought conditions in Uzbekistan. The project is initiated in
expanding the develapent of fruit and vegetable variety portfolios under drought
conditions and extreme temperature fluctuations in Uzbekis(@GIAR 2017 5eed

and seeding production for drought in different ageoological zones are also
supported that makes available supelite andelite seeds demanded by beneficiaries

or farmers. To ensure a strengthening local seed and seedling production systems
(Table A 1§ there has been a support to increase the supply and update the guidelines
for seed production, testing, registration andrttcation (World Bank 2020)

With regard to the resilience sensitivity, AST and SSN both have relatively lower contribution.

Bearing in mind that TLU, agricultural assets and other types of assets are used taatonst
the variable, it is still recommended to give a priority attention to improve them.
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1. Datagpreparation

Wedescribe here the process collatingand procesmgthe basigeospatial dataetsneeded
to accomplish the following work packages. We collect, analyze and evaluatadandaps,
climatological information, and historical fire records.

1.1LandCoverand Cropland Maps

To repreent the status of land cover, we used tBaucasus Land Cover Mapm the SILVIS
lab of the University of Wiscondimitp://silvis.forest.wisc.edu/data/caucasusfiom the year
2015.The landcover map is based on the classification of Landsat imagerhasa spatial
resolution of 30 meters. The methodology used to derive the Jamwekr map is described in
Buchner et al. 2020

Cropland was classified from the Landsat imagery based on the shapes of the cultivated fields,
the detection of evidence for pwing, and the vegetation greening cycle over the year.
Sparsely vegetated areas, shrubs, and grassland were labelled as rangeland. The 2015 land
cover map shows that the lowland areas of Armenia are characterized by a mix of rangelands
and croplands, wheas the mountainous areas are dominated by deciduous forestsré-ig

1). Cropland is relatively evenly distributed across Armenia; however, the share of cropland is
rather low in the northern provinces of Lori and Tavush.

In terms of land cover changesudbiner et al. (2020) find that of the total land area of
Armenia, only 9% was continuously cultivated since 1987. Armenia experienced a reduction
of its cropland extent by 10% from 1987 to 20Most of the lost cropland transitioned to
rangeland, i.e., teparsely vegetated areas, shrubs, and grassland.

We extracted all pixels that belong to the cropland class from the 2015 land cover map and
resampled these to a resolution of 300 meters to omit isolated pixels and to increase the
computational speed ofater processing stepd.his resulted ira cropland mask that we use

as the boundary layer to restrict subsequent analyses to areas that are used for crop
production. Figure 2 shows the final cropland mask that we used for all subsequent analyses.

1 Buchner et al. (2020), Remote Sens. Envitaitps://doi.org/10.1016/j.rse.2020.111967
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Figue 1: Land cover of Armenia in 2015. Source: Caucasus Land Cover Map, SILVIS lab of the University of Wisconsin
(http://silvis.forest.wisc.edu/data/caucasus/)

Figure2: Cropland mask for Armenia from the Caucasus Land Cover Map, resampled to aegaltiibn of 300 meters.
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1.2Modelled Climatological Data

We sourced rainfall data from th€limate Hazards group Infrared Precipitation with Stations
dataset (CHIRPShttps://data.chc.ucsb.edu/products/CHIRRI/global daily/netcdf/p05),
which comprises daily gridded estimates based on satellite and weather station data with a
spatial resolution of 0.05° (~5 km). Temperature data stem from the reanalysis d&fa#et

Land (Fehler! Linkreferenz ungultijy, provided by the climate data store of tH@opernicus
program and available at a spatial resolution of 0.1° (~11 km) and a temporal resolution of
one hour. BothCHIRPS and ERAnd are available for free and since Janudly1981. We

used all data until December 312020 (14,610 days in total). Among the gridded climate
datasets that are freely available, CHIRPS and {ERA® have the highest available sphtia
and temporal resolution. Moreover, both datasets are continuously updated inregdtime,
which permits for updates of our results once new data becomes available.

We converted the downloaded CHIRPS NetCDF files into daily TIFF images. For the ERA5S
product, we first summarized hourly values into daily minimum, average, and maximum
values, transformed them from degrees Kelvin to degrees Celsius, and then converted them
into daily TIFF images. The database with the preprocessed precipitation and téunpera
images contains a total of 4 x 14,610 = 58,440 files. Figure 3 exemplifies one layer for average
temperature and one for precipitation.

Precipitation (mm)

. 325

=10

Avg. Temperature (°C)

5.7

1041

Figure3: Average temperature on January 1st, 1981, from ER&® (left) and precipitation on October 15th, 198bm
CHIRPS (right).
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1.3 Historical Fire Records

Fires are a considerable threat to crop production in the region. We analyzed fire occurrence
and intensity from the active fire data provided wia! { ! Qa4 CANB LYy F2NX I A
Management Syem (FIRMS https://firms.modaps.eosdis.nasa.gov/active fije/We use

these data to assess the spatiotemporal occurrence of cropland fires in Arnfér@eEIRMS

data are derived using a global algorithm that analyzes data fronMbéerate Resolution
Imagng Spectroradiomete(MODIS) imagery aboard the Terra and Aqua satellkesldr!
Linkreferenz ungultig. and from theVisible Infrared Imaging Radiometer SUN8IRS) aboard

the Suomi NPP satellite, launched in 204tips://viirsland.gsfc.nasa.gov/ index.htjnFor the

sake of consistency, we only relied on the fire data derived from the MODIS sensors to extract
daily information about fire occurrences from 2001 to 202(atpatial resolution of 1 km.

The VIIRS data has a higher spatial resolution at 375 meters, but is only available since 2012.

We downloaded all active fire records for Armenia from 2001 to 2020 from the MODIS
dataset. We therremoved all records with aré detection confidence below 20% to reduce
the number of false alarms (see Giglio et al. 20160 focus on fires related to crop
production, we only included those fires that occurred on cropland or less than 300 m away
from the nearest cropland usirthe cropland nask (see chaptet.1). The final data selection
includes 4,071 active fire records.

All results area available online in an interactive format at:

https://rpubs.com/max hof mann/fires armenia

In the mapdLocations, each dot represents a single fire occurrence as recorded by the MODIS
fire detection algorithm between 2001 and 2020. The brighter the dot, the hotter is a fire,
measured in megawatts of fire radiative power (FRP). Wbeming out, individual fire pixels

are combined into clusters.

In a next step, we calculated the mean number and intensity of fires for each year from 2001
to 2020 within each district. The maplean Yearly Numbeérvisualizes the average yearly
counts. Thenap &Change in Numbérshows the trend in number of fires from 2001 to 2020
based on the slope of a linear regression. For each district, we performed aKéadall test

that assesses whether the calculated trend in number of fires over time is sighjfica
considering both the normal variability in yearly fires and the occurrence of outlier years with
exceptionally high or lomumbers of fires. Districts with a significant trend line are highlighted
with a black outline in the change map. We used the RRRBsures to map th&Mean
Intensityé of all fires per district and for all years. For the niphange in Intensify we
calculated for each district the average FRP of all fires in each year, and then fitted a linear
regression model to calculate the clgmin yearly mean fire intensity from 2001 to 2020.
Again, we performed Manifendall tests to assess the significance of these changes. Districts
with significantly positive or negative changes are highlighted with a black outline.

2Giglio et al(2016), Remote Sens. Enviramttp://dx.doi.org/10.1016/j.rse.2016.02.054
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The district with the lghest average number of fires per year is Sisian (27 fires), followed by
Tashir (12 fires) and Vardenis (11 firegure 4. We found the highest significant positive
changes in number of fires in Hrazdan (increase by 1.2 fires per year), Martuni 4. fefir
year) and Kotayk (0.7 fires per ye&igure 5. A substantial share of these districts is also
covered by croplandFigure 2. The districts with the highest average fire intensity are
Noyemberyan (41 MW), Vayk (40 MW) and Yeghegnadzor (34 Mitfe 6). Significant
increases in fire intensity occurred in seven districts, all located in the center of the country,
with yearly increases between 0.6 and 1.5 MW {f8g7). Amasia is the only province where
there was a significant decrease in fire intiyn¢1.2 MW). Tumanian experienced an average

yearly increase of 4.6 MW, but this trend was not significant and is due to a series of fires with
high FRP in 2020 (kg 8).
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Figure4: Average number of fires per year in Armenia.
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Figure5: Average chnge in number of fires per year in Armenia. Districts with a black outline had a significant positive or
negative change between 2001 and 2020.
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Figure6: Average fire intensity in Armenia.
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Figure7: Average change in fire intensity per year in AnmmeOnly districts with a black outline show a significant change
between 2001 and 2020.
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Figure8: Yearly mean fire radiative power in megawatts, in Tumanian district.
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Satellitesensed fire records have a series of limitations and one should be cavkén
drawing conclusions from this data:

1 There is no information on the duration of a fire. Fires that lasted a few hours, and
fires that lasted for days, are not distinguishable from one another.

1 There is no information on the area that was burnt byra.fiMODIS images are
composed of pixels with a size of 1x1 km. A pixel is classified as an active fire as soon
as the algorithm detects a fire therein, irrespective of the size that the fire actually
covers.

1 If two separate fires happen within one 1x1knxgli they count as one fire.

If a fire spans over several 1x1 km pixels, it will count as several separate fires.

1 There is no information on the movement of fires. If a fire passes from one pixel to
another, it will count as a new fire.

1 There is no certaily about the type of fire. Natural wildfires, campfires, larger
barbecues, or gas flares cannot be separated from each other.

=

We abstain from making any inferences about the future development of fire activity and
intensity.

Vegetation fires are mediatelly the biophysical conditions that prevail in a specific location,
such as the availability of soil moisture, topographic features, such as slope and aspect, wind
speed and direction, as well as precipitation and temperature patterns. Arguably, with rising
average temperatures and more frequent drought periods, many landscapes in the Caucasus
will become more susceptible for fires, including more frequent and more severe fires.
However, it remains extremely challenging to anticipate future fire behavioalse the
occurrence of fire depends not only on biophysical conditions but on additional, often
unpredictable management factors. These include, for example, land use management, such
as the type and intensity of grazing. Higher extraction of biomass tfirguazing will reduce

fuel loadings and thus tend to reduce the susceptibility of landscapes to fire. Moreover, some
crop cultivation systems are more prone to fire than others. Stubbles left on the field, for
example, can be easily ignited and can prevadfficient fuel loads to enable large cropland
fires. Also changes in land use, such as the abandonment of cropland, will alter fuel loadings
and can lead to higher fire risk, depending on the type of successional vegetation and the fuel
load it provides Hence, it has been shown that changes in land cover, land use, and land
management are key factors for fire behavior, which is why it is not possible to predict fire
occurrence into the future with any degree of confidence.
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2. Characterization of hmtical climatic trends

2.1 Introduction

To get an overview on how climate has changed across crop production regions of Armenia
during the last four decades, we analyzed modelled climatic datasets with a daily resolution
from 1981 until 2020. We use tHeHIRPS dataset for precipitation and the ER#d dataset

for temperature. To focus only on cropped areas, we only consider those areas that fall into
the cropland mask (defined in chaptérl). For one part of the analysis, we only considered
the time peiod during a year that is relevant for crop growth. To do so, we define a main
growing season from October to June, because crop yieltse study areaare typically not
affected by climate conditions during midsummer (d8gptember). However, we aravare

that this is only a coarse approximation and specific crops might have a very different critical
window during which climate can have a high impact on plant growth. Therefore, we also
calculated climatic trends on a monthly badige analyze climatirends with more detail in

work package 3.

2.2 Approach

The workflow to estimate climate trends, including the processing steps of the cropland mask
and ERA% and temperature data (see chapterd andl.2), isillustratedin Figire 9.We first
multiplied the binary cropland mask with all 14,610 daily layers of the four climate parameters
from CHIRPS (precipitation) and ERABd (minimum, average and maximum temperature),
respectively (see chaptet.2). We then overlaid all resulting 58,440 raster laysith the
districts shapefile and calculated zonal mean statistics for each district. This procedure results
in one value for mean precipitation, mean minimum temperature, mean average
temperature, and mean maximum temperature for each district and dagnfdanuary ¥,

1981, to December 31 2020 (see Fige 10. From these values, we calculated the sum of
precipitation and mean temperature values for each month and for each growing season. That
resulted in time series of 40 values for each month, an@@®ving season values. For each
time series, we fitted a linear regression model to calculate the yearly trend in precipitation
or temperature and the change from 1981 to 2019 (growing season values) or from 1981 to
2020 (monthly values) (kige 11). The banges in precipitation and temperature shown in the
subsequent maps always refer to the total change between 1981 and 2019/2020. We used
the nonparametric MansfKendall test to assess if the observed changes in precipitation and
temperature are statistica} significant.
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Figure9: Workflow for estimating longerm climatic trends from cropland mask, daily temperature and precipitation data
and district boundaries.
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FigurelQ: lllustration of a part of the workflow described in vig Q Daily temperaire values are only kept for cropland
locations. For each district, we summarized the underlying temperature values into one district average.

Figurell: Yearly precipitation in Amasia rayon during the growing season OefolperTotal growing seasoprecipitation
has risen from 361 mm in the season 1981/1982 to 497 mm in the season 2019/2020, equivalent to a yearly increase of
about 3.6 mm, or a total increase of 136 mm since 1981.
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