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Editorial
Implementation of the Paris Agreement:
Consequences for Agricultural Practices Worldwide

Prof. Dr. Dr. h.c. mult. Hartmut Graßl is one of the leading scientists in meteorology and
climate science. He is the President of the Federation of German Scientists (VDW), Germany
and member of a number of national and international research projects. He is also a member of the Editorial Board of the Future of Food: Journal on Food, Agriculture and Society.

There are two revolutionary goals in the Paris the UNFCCC (195 countries and the European UnAgreement (PA) of the United Nations Framework ion) to reach greenhouse neutrality:
Convention on Climate Change (UNFCCC), signed
on December 12th, 2015 and enacted on NovemTo achieve a balance between anthropogenic
ber 4th, 2016. First, the central goal in Paragraph
emissions by sources and removals by sinks of
greenhouse gases in the second half of this cen2a sets an upper limit to global warming by the enhanced greenhouse effect of the atmosphere with
tury, on the basis of equity, and in the context
of sustainable development and efforts to eradthe following text:
icate poverty.
Holding the increase in the global average temperature to well below 2 °C above pre-industrial Both goals implicitly postulate that remaining fossil
levels and to pursue efforts to limit the tem- fuels have to stay in the Earth’s crust (which experts
perature increase to 1.5 °C above pre-industrial say is about 80% of total, preindustrial reserves),
levels, recognizing that this would significantly and carbon dioxide has to be actively removed from
reduce the risks and impacts of climate change. the atmosphere if – for example – greenhouse gas
emissions from agriculture caused by animal husSecond, the goal in Paragraph 4 forces all parties of bandry (primarily cattle) and nitrogen fertilization
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of cropland and pastures continue. When reading
the full paragraph 2 of the PA, it becomes clear that
food security was seen as an important side condition during the negotiations. The central goal continues by stating:
Increasing the ability to adapt to the adverse
impacts of climate change and foster climate
resilience and low greenhouse gas emissions
development, in a manner that does not threaten food production.

grammes. However, major research questions remain. Will the sink of anthropogenic carbon in the
terrestrial biosphere keep its strength or even turn
into a carbon source as climate change continues?
Will the reduction of the pH-value of ocean water
(often exaggerated as ocean acidification) affect the
oceanic biosphere so strongly that food from the
sea – already overexploited in many ocean basins
and marginal seas – declines further?

What are the major consequences of the Paris
Agreement, the new scientific findings and open
Agriculture is both extremely challenged by a suc- questions for agriculture and food?
cessful implementation of the PA and critical to its
enactment. In order to show the intimate connec1. Food security is less threatened on the global
tion between climate and agriculture, we have to
scale if the PA is implemented. A strengthened
compare the carbon reservoirs in the atmosphere,
PA (a re-discussion of climate policy measures
vegetation, soils and ocean as well as the fluxes of
is stipulated every 5 years) is helpful for food
anthropogenic carbon between them and their reproduction and food security in comparison
cent trends. At present, the atmosphere contains
to weaker or no climate policy measures.
about 830 Gigatonnes of Carbon (GtC), vegeta2. Investigations into future agricultural yields
tion contains 450 to 650 GtC, soils contain 1500 to
based on climate change scenarios find more
2300 GtC, and the ocean contains about 38000 GtC.
often increased yields in the high mid-latiOnly in 1970 had the total fossil fuel emissions of
tudes than in lower latitudes, and more often
carbon containing compounds like carbon dioxconsiderably reduced yields in lower latitudes,
ide and methane into the atmosphere reached the
especially in the absence of globally coordisame level as those resulting from changed land
nated climate policy.
use (mostly stemming from deforestation, but also
3. The goal in Paragraph 4 of the PA (greenfrom agriculture). However, at present, fossil fuel
house gas neutrality) can only be reached if
emissions are about 9 GtC (roughly ten times) highrenewable energy becomes really dominant
er than emissions resulting from land-use change.
by around 2050 and agricultural practices are
This has led to carbon dioxide levels above 400
changed worldwide. Strong greenhouse gas
parts per million by volume (ppmv), an increase of
emission reductions are needed in the animal
more than 40 percent in comparison to the preinhusbandry sector, especially methane emisdustrial level of 280 ppmv in 1750. Homo sapiens
sions from cattle, and nitrous oxide emissions
have never before lived under such high carbon dias a consequence of nitrogen fertilization
oxide levels. The concentration increase is, however,
must also be reduced.
equivalent to only about half of the emissions into
4. Carbon storage in agricultural soils must be
the atmosphere by human activities. Where did the
augmented, which has the potential to turn
other half go? Not only into the world’s oceans, but
agriculture into a sink for anthropogenic
also the still intact parts of the terrestrial biosphere!
carbon. In other words, more bio-farming is
The presently increased storage of carbon on land
needed.
is, with high probability, larger than the oceanic
5. Change in human diets and a strong reducone: 3.0±0.8 GtC per year versus 2.6±0.5 GtC per
tion in the amount of food wasted along the
year averaged over the decade from 2005 to 2014
entire food chain is required. Both changes
(which together, represent slightly more than half
can strongly reduce the greenhouse gas burof the total anthropogenic emissions), according to
den to the atmosphere from the food sector.
the Global Carbon Project (GCP) of the Earth System
6. Reforestation is needed on abandoned, deScience Partnership (ESSP), jointly supported by
graded agricultural soils.
globally coordinated environmental science pro6 					
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The above points and measures call for a joint implementation of all three major environmental
conventions. I would like to urge the new Secretary
General of the United Nations to help in this process
to make the UNFCCC, the Convention on Biological
Diversity (CBD) and the United Nations Convention
to Combat Desertification (UNCCD) jointly a stronghold for promoting food security, thus also easing
the implementation of the other UN Sustainable
Development Goals.

With these ideas in mind, I now welcome the readers of the Future of Food: Journal on Food, Agriculture and Society to the Volume 4, Number 3 issue
dedicated to the topic “Climate Change Mitigation
and Adaptation in Agriculture and Food Systems.”
The selected research articles, book reviews, and reports tackle climate change and its implications for
agriculture and food on the local, regional, and national level. A diverse array of mitigation and adaption strategies is presented, ranging from changing
management practices, to technical advances, to
The Federation of German Scientists (VDW) has policy adjustments, to improving access to finance,
established a Study Group called “Erdgestaltung” and learning from the resiliency already existing in
discussing the human activities needed in order to rural communities. I hope you enjoy the reading
keep the Earth inside sustainable planetary bound- and wish you a happy holiday season!
aries. We would like to contribute to this endeavor
of a joint implementation of these conventions.
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The high cost of maize in Kenya is basically driven by East African regional commodity demand
forces and agricultural drought. The production of maize, which is a common staple food in Kenya, is greatly affected by agricultural drought. However, calculations of drought risk and impact
on maize production in Kenya is limited by the scarcity of reliable rainfall data. The objective of
this study was to apply a novel hyperspectral remote sensing method to modelling temporal
fluctuations of maize production and prices in five markets in Kenya. SPOT-VEGETATION NDVI
time series were corrected for seasonal effects by computing the standardized NDVI anomalies.
The maize residual price time series was further related to the NDVI seasonal anomalies using
a multiple linear regression modelling approach. The result shows a moderately strong positive
relationship (0.67) between residual price series and global maize prices. Maize prices were high
during drought periods (i.e. negative NDVI anomalies) and low during wet seasons (i.e. positive
NDVI anomalies). This study concludes that NDVI is a good index for monitoring the evolution
of maize prices and food security emergency planning in Kenya. To obtain a very strong correlation for the relationship between the wholesale maize price and the global maize price, future
research could consider adding other price-driving factors into the regression models.

Introduction
Drought is one of the most frequent climate-related
disasters occurring across large portions of the African
continent, often with devastating consequences for
food security and agricultural households (Andrea et
al., 2011; Rojas et al., 2011; FEWSNET, 2010; Dinku et al.,
2007). Understanding the probability of drought occurrence is of basic importance for risk management programs and for efficient food-aid delivery (Rojas et al.,
2011). Drought is an extended period of abnormally dry
weather that causes water shortage and damage to vegetation (Singh et al., 2003). It can further be defined as a
creeping and recurrent natural phenomenon which creates impacts that can affect large areas of land, lasting
for several months (Wilhite, 2005). For example, Rojas et
al. (2011) reported that countries in Eastern Africa (Ethi-

opia, Eritrea, Somalia and Kenya) were worst hit with water shortage between 1984 and 2000. The consequence
of this prolonged water shortage was famine (Andrea
et al., 2011). Agricultural drought impacts food security
because it can disrupt crop development and productivity (Ifejika et al., 2008), and consquently, hinder food
availability. Agricultural drought is referred to as a period
with declining soil moisture, which consequently leads
to crop failures in areas where it is not possible to implement irrigation (Mishra et al., 2010).
Kenya is an agrarian country that primarily relies on rainfed agriculture. However, rainfall is erratic in most parts
of the country (Kangasniemi et al., 1993). Usually, food
insecurity occurs between August and November of

Citation (APA):
Shuaibu, S. M., Ogbodo, J.A. and Wasige, E.J., Mashi, S. A. (2016). Assessing the impact of agricultural drought on maize prices in Kenya with the
approach of the SPOT-VEGETATION NDVI remote sensing. Future of Food: Journal on Food, Agriculture and Society, 4(3), 8-18.
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every year. Additionally, food insecurity can extend beyond this period in times of drought, flooding, and social strife (FEWSNET, 2010). In Kenya, maize is a widely
consumed staple food (Grace et al., 2014). Kenya has experienced variations in maize production over the years.
This is mainly due to weather variability (Kangasniemi et
al., 1993). In order to bridge the gap between the quantity produced and quantity demanded, high amounts
of maize were imported into the country over the years
(Kibaara, 2005). Also, the Kenyan government introduced a livelihood zoning system (Grace et al., 2014).
The livelihood zoning mechanism divides the country
into homogenous areas such that the people within a
particular zone share almost the same pattern of livelihood options, including their pattern of obtaining food
and generating income, as well as their market opportunities ( Grace et al., 2014; FEWSNET, 2010; Lewis et al.,
1998). According to Famine Early Warning Systems Network (FEWSNET) (2011, 2010, 2009) and Nyoro (2002),
there is always a small population group that suffers
from some form of food insecurity. The National Cereals
and Produce Board (NCPB) has the mandate of procuring and selling maize at administratively determined
prices in Kenya (Jayne et al., 2008). NCPB maize prices
are usually uniform at all depots throughout the country and typically remain fixed within a particular market
season; however, in some cases the prices are reviewed
by the government within the same year in response to
changes in crop yield forecast (Jayne et al., 2008).
Monitoring agricultural production in Kenya can provide important information about food security over
time (AATF, 2010; Dinku et al., 2007). A hyperspectral remote sensing approach has been widely used to model
spatial and temporal variability of crop vegetation over
large areas (Rojas et al., 2011; Jacquin et al., 2010; Dinku
et al., 2007; Wylie et al., 2002). The most widely used hyperspectral remote sensing technique is the Normalized
Difference Vegetation Index (NDVI) developed by Rouse
et al. (1974). According to Rouse et al. (1974), NDVI can
generally be calculated from vegetation canopy reflectance in the red (670 – 680 nm) and near-infrared (750
– 850 nm) wavelengths using broad-band remotely
sensed data. Therefore, NDVI is the most commonly used
multi-spectral index of canopy greenness in relation to
vegetation structural aspects, such as canopy cover and
leaf area index (LAI) (Nguyen & Lee, 2006). Previous studies on NDVI indicate the possibility of estimating visible vegetation reflectance indices, such as chlorophyll
a and b pigments (Gitelson & Merzlyak, 1997). Blackburn (1998) further states that estimating the concentrations of vegetation pigments with NDVI techniques
is dependent on factors such as structure of the canopy, phenology and environmental stress (e.g. drought).
Calculation of drought risk and its impact on maize
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production in Kenya is limited by the scarcity of reliable
rainfall data (Dinku et al., 2007). Despite the coverage of
operational weather stations in Kenya, large spatial gaps
and independent stations often provide discontinuous
data (FEWSNET, 2011). For these reasons, rainfall measurements are commonly replaced by data generated by
atmospheric calculation models or satellite observations
(Rojas et al., 2011). Nowadays, free data are available for
vegetation indices derived from NDVI approaches. An
NDVI approach is capable of identifying spatial and temporal patterns of seasonal change in vegetation health
and in distinguishing forest from other vegetation types,
such as grasses and shrubs, so it is very useful for calculating and monitoring greenness condition in agricultural crops (Mutanga & Skidmore, 2004; Wylie et al., 2002).
The aim of this study is to apply a novel remote sensing method to modelling temporal fluctuations of maize
production and prices in five markets in Kenya. In doing
so, we assessed how maize price relates to drought conditions during the period from September 1998 to August 2011. The SPOT-VEGETATION NDVI remote sensing
approach was adopted to investigate and model the relationship between agricultural drought and maize prices in order to improve food security in Kenya.

Materials and Methods
Study area
Kenya lies along the equator in east-central Africa on the
coast of the Indian Ocean. The country has a total area
of 582,650 square kilometres (Andrea et al., 2011). Kenya shares borders with Somalia to the east, Ethiopia to
the north, South Sudan to the northwest, Uganda to the
west, Tanzania to the southwest, and the Indian Ocean
to the southeast (FEWSNET, 2011). In the north, the land
is arid, while the fertile Lake Victoria Basin is located in
the south-western corner. The eastern depression of the
Great Rift Valley separates the western highland from the
lowland coastal strip. The country is situated between a
latitude of 50 South and 5.5o North and longitude of 34o
and 42oEast (Andrea et al., 2011). Figure 1 illustrates the
distribution of sampled markets.
The World Resources Institute (2007) reported that the
average annual rainfall in Kenya ranges between 250
mm and 2,500 mm. The country experiences bimodal
rainy seasons: one from March to May (featuring long
periods of rain) and one from October to December (featuring short periods of rain). Ariga et al. (2006) specifically state that the water footprint of Kenya in relation
to crop production was 18.1 Gm3/year between 1996
and 2005. However, Kenya was hit with severe droughts
in the past quarter century, including the following
years: 1983/1984, 1991/1992, 1995/1996, 1999/2001,

ISSN-Internet 2197-411x OLCL 862804632
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Table 1 : 2006 – 2009 Average maize production
Source: Kangethe, 2011

Kenyan Regions

Maize Production
(90kg/bag)

Maize Yield
(bags/ha)

Rift Valley

13, 225, 039

20.50

Nyanza

3, 711, 215

14.10

Eastern

3, 903, 141

08.40

Western

4, 163, 878

18.50

Coast

1, 079, 389

08.30

Central

1, 047, 879

06.70

North Eastern

5, 520

02.20

Nairobi

6, 420

14.04

Figure 1 : Livelihood map of Kenya showing the distribution of sampled markets
Source: modified from FEWSNET, 2013

Figure 2 : 2002 – 2012 maize production (metric tonnes) in Kenya
Source: FEWSNET, 2013

2004/2005 and 2009/2010 (Andrea et al., 2011; Boken
et al., 2005). The areas most affected by the droughts
were the marginal agricultural lands in the north-eastern, north-western, southern and south-eastern parts
of Kenya (FEWSNET, 2011; Andrea et al., 2011; Boken et
al., 2005). These regions also faced variations in maize
production between July and November, 2011 (FEWSNET, 2011), primarily because the drought occurrences
caused the average maize production outputs (Table 1)
in Kenya to fluctuate.
Over the decade of 2002 to 2012, maize production varied greatly in Kenya (Figure 2) because of a high incidence of agricultural droughts, as well as limited use of
technologies to overcome drought (Short et al., 2012;
FEWSNET, 2011; Kangethe, 2011).
Jayne et al. (2008) asserts that the Kenyan government
influenced wholesale maize market prices in the country
through four main processes: (a) the official price setting

10					

process of the NCPB, with the difference between its
purchase and sale prices relative to private sector market
prices being the major determinant; (b) the restrictions
on inter-district maize trade that were in operation; (c)
stockholding policies of the NCPB as indicated by net
inflows and outflows from NCPB depots; and (d) tariff
and trade policy, including informal transaction costs of
illegal cross-border trade. However, FAO (2011) showed
that the quantity of maize imports and exports in Kenya fluctuated between 1998 and 2009 (Figure 3) due to
weather variability.
Since the last decade, the price of domestic staple foods
in Kenya, such as maize, has been volatile and high
(Kangethe, 2011; Nyoro, 2002). Furthermore, the outcome of Kangethe’s (2011) comparative analysis shows
that imported maize was more expensive than locally
produced maize in the period from 2000 to 2010 due to
restrictive import policies implemented by the government. Also, the rising dependence of Kenya on maize

ISSN-Internet 2197-411x OLCL 862804632
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Figure 3 : Maize production, imports and exports (metric tonnes), 1998-2009 (FAO, 2011)

Figure 4 : Kenyan domestic staple food price volatility (including maize), 1995 - 2012 (FAO, 2012)

imports increases vulnerability to regional and global
food price fluctuations (FAO, 2011; Nyoro, 2002). In other
words, an increase or decrease in maize prices in any part
of the World accordingly results in domestic food price
volatility in Kenya. Figure 4 indicates the Kenyan domestic staple food price volatility for the period 1995-2012,
which includes maize.
Data
a. SPOT VEGETATION Image Data: The data from
satellite SPOT VEGETATION (Satellite Pour l’Observation de la Terre) is freely available for vegetation
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studies. SPOT VEGETATION has four spectral imaging bands ranging from about 0.45 μm (blue light)
to 1.67 μm (mid-infrared radiation). SPOT satellite
has a field of view of 0 – 55o on both sides of the
satellite tracking path. The SPOT satellite has a
pixel size of 1.15 km x 1.15 km at nadir. The major dataset used in this study is the high temporal frequency SPOT VEGETATION (SPOT VGT)1 S10
imagery. The SPOT time series data consist of 10day maximum-value composites at 1 km spatial
resolution for the period September 1998 to August 2011. The advantages of using maximum-valued composite satellite imagery are two-fold: (a)

ISSN-Internet 2197-411x OLCL 862804632
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a composite image is less influenced by cloud
effects, sun-angle/shadow effects, aerosols, and
water vapour effects; and (b) reduces directional
reflectance and off-nadir viewing effects. To further reduce the remaining atmospheric effects,
an iterative Savitzky-Golay filter, as described by
Huete et al. (2006), was applied to the time series
of each pixel for temporal smoothing.
b. Land Cover Map: The land cover GIS shapefile for Kenya was freely obtained from AFRICOVER2. The AFRICOVER map for Kenya was produced
from 1995 Landsat Thematic Mapper imagery
with spectral bands: Red (band 4), Green (band 3)
and Blue (band 2).The purpose for using this mono-date land cover map of Kenya was to assess
which areas were classified as water, bare, or urban
in order to exclude these from further analysis.
c. Field data: The Kenyan wholesale maize prices used in this study were sampled at five market
sites, namely, Nairobi, Mombasa, Kisumu, Eldoret
and Nakuru. Maize wholesale price data collected in Kenya were further compared with Global
maize price data.3 Maize prices were expressed in
Kenyan shillings per 90 kg bag. Global wholesale
prices (in US dollars per tonne) were converted to
Kenyan shillings using the official exchange rate.4
Methods
1. Analyses of market locations and maize prices in
GIS software:
Each sampled market is named after the Kenyan
district5 in which it is situated. The center of each
town was selected as the market place in ArcGIS
10.1 software. Afterwards, a buffer of 25 km was
generated around each market to indicate the
potential area of maize farms that supplies each
market. The 25 km buffered areas were intersected with the predicted maize fields to extract the
maize growing areas around each market. Monthly SPOT-VGT NDVI was aggregated within the
buffered maize areas to extract the time series of
mean NDVI values for the maize area around every
sampled market.
The maize map that was used for this study was
generated using an unsupervised classification
on the 1998 – 2011 SPOT-VGT NDVI time series. A
total of 100 legend classes were tested and evaluated using the separability model approach. The
optimal number of classes was chosen as the one
which had the highest average separability among
all classes. The separabilty analysis produced a
legend with 36 classes, with each class representing a separate NDVI profile. To assess which class
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best corresponds to maize area, a stepwise regression analysis was performed on the 36 NDVI class
image data.
2. Temporal Dependence of Kenyan Wholesale
Maize Price on Global Price:
The price data used in this study was obtained
from the MIB (Kenyan Ministry of Agriculture’s
Market Information Bureau). The following four
criteria were adopted to select the markets used
in this research: (a) the sites were selected because
the remote sensed images obtained over their locations were almost cloud-free; (b) sampled markets were located within the grain basket zones
of Kenya; (c) for the Nairobi district, where there
is more than one market, an average of three markets was sampled. Selected Nairobi markets for
urban maize consumers were in proximity to rural communities that are located within the grain
basket zones6 of Kenya; and (d) apart from Nairobi, the other sampled districts have only one particular day per week set aside as their market day.
As such, maize price data were only recorded on
the respective market days for the districts other
than Nairobi.
3. Temporal Dependence of Wholesale Maize
Price on NDVI Seasonal Anomalies:
a. Mean-NDVI series and price series for each buffer during the observation period were visualized
in a graph to analyse their temporal behaviours
(Lewis et al., 1998). Both NDVI and wholesale price
series were decomposed into three components:
observed, trend and seasonal. The NDVI values
were calculated with a simple additive R-statistical
model:
Xt = mt + st+zt

Eq. 1

Where, t = time, x = observed series, m = the
trend, s = seasonal components and z = an error
term.
The purpose of Mean-NDVI analysis is to visualize
the seasonal and trend variations in both series.
This is because many time series are characterized
by a trend and/or seasonal effects (Metcalfe et al.,
2009) which could result in spurious regression
(Udelhoven et al., 2009).The NDVI series is more
affected by seasonal variations than the trend.
Seasonal variation strongly affects the structure
of autocorrelation of a time series and could also
result in spurious regression (Udelhoven et al.,
2009). Price series, on the other hand, exhibit
more of a trend variation than seasonal variation;
therefore, the price series was not corrected for
the seasonal variation. The seasonal variation
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Figure 5 : SPOT VGT NDVI spectral reflectance of mature maize: 5 (a) = mono-cropped maize field at inflorescence
stage at 010 21’ 59’’ S and 360 44’ 17" E (WGS84) in Nairobi Kenya; 5 (b) = 1 km2 SPOT VGT Satellite image (RGB =421);
and 5 (c)= pixel-based NDVI output.

of the NDVI series was removed by computing
the standardized seasonal anomalies (z-score)
in Timestat V1.0 GIS software. The baseline
period was September 1998 to August 2011. This
method was used by Udelhoven et al. (2009) while
assessing the relationship between temperature
and rainfall in Spain as in Equation 2:
NDVItj - Mean (NDVI)j
Ztj =

S(NDVI)j

Eq. 2

Where Mean(NDVI)j and S denote the long term
means and standard deviation of month j and t are
the time index indicating the respective years.
b. Maize residual price series and NDVI seasonal
anomalies were visualized prior to regression
analysis. The purpose of doing this was to visually
examine whether a temporal relationship exists
between these variables. Residual price series
and lagged NDVI seasonal anomalies were
also visualized in a scatter plot to determine
the direction of the correlation between these
variables. Furthermore, Pearson correlation
coefficient was used to evaluate the strength of
the relationship between residual price series
and lagged NDVI seasonal anomalies of the
aggregated pixel of the buffered areas. Several
other studies have demonstrated that NDVI is
correlated with net primary production and crop
yield (Malmström et al., 1997; Pettorelli et al., 2005;
Prince et al., 1995). Hence, the residual price series
after the growing season was related to the lagged
NDVI anomalies during the growing season using
multiple linear regression. In this case, only four
lags of NDVI seasonal anomalies were computed
(Equation 3) because the total length of the
growing season was approximately six months.
The purpose of carrying out this computation is
based on the fact that a vegetation production
anomaly during the growing season is an indicator
for price after harvest (Brown et al., 2006).
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μ1= a+ b1(NDVIA)t + b2 (NDVIA)t -1+......... b2 (NDVIA)t - 4+ NDVIAmax+ μt

Eq. 3

Where NDVIA = monthly NDVI anomalies, b= the
impulse response weight vectors describing the
weight assigned to the current and past monthly NDVI
anomalies series, a = constant, µ1 = the model residual,
and μt = the residuals from the optimal lag identified
from the model of wholesale price and global price.
Note that NDVIA in this case is the NDVI of seasonal
anomalies.

Results and Discussion
1. Temporal Dependence of Kenyan Wholesale Maize
Price on Global Price:
Figure 5 shows the NDVI output (5 c) derived from the
SPOT VGT image on 23 August, 2011 of a maize farm
in Nairobi. The spectral heterogeneity observed in the
NDVI image could be attributed to the appearance of the
maize cobs (yellow) and the variation in the greenness
of the maize leaves in Figure (5a) since the crop is at a
mature stage.
Figure 6 shows a price distribution for wholesale maize
at each of the study sites and the global price of maize
for the period under study. The wholesale maize prices
in major urban centres of Kenya are more related with
one another than with the global price. However, the
regression results show a moderately strong correlation
(0.67) between the Kenyan market wholesale prices
and the global maize prices. This outcome corresponds
to the fact that Kenya is one of the countries in Africa
that is exposed to higher international prices for food
commodities due to insufficient stocks and budgetary
resources to adequately protect the food security of the
country (Grace et al., 2014; FAO, 2011; Jayne et al., 2008).
Kenya was a net importer of maize and had appealed
for external assistance and food aid during seasons of
maize shortage (Jayne et al., 2008). There is a deviation
of the wholesale market prices in Kenya from the global
prices in 2009. This could be the result of one of the
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Figure 6 : Temporal plot of Kenyan wholesale maize prices compared to global prices

Figure 7 : Maize residual price series (in Kenyan shillings/90 kg bag) and mean NDVI of Nakuru
from September 1998 - August 2011

Figure 8 : Results for the decomposed NDVI and price series data of the Mombasa market

worst droughts experienced in Kenya occurring during
that period. The wholesale prices were generally high in
2011 due to the delay of the long rains in the country.
The global shocks in food prices could, therefore, have
impacted local food prices in Kenya. Global shocks
in food prices are due to multiple factors, such as: (a)
drought in Australia, (b) policies to promote the use
of biofuels, which increases demand for maize, (c)
depreciation of the US Dollar and d) long-term economic
growth in several large developing countries (FAO, 2011).
For example, increases in oil prices made biofuels more
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profitable, thereby diverting maize from food markets
to biofuel factories. Furthermore, depreciation of the
US dollar was responsible for 15 - 27% of the increase in
dollar-denominated food prices between 2007 and 2008
(Minot, 2010).
The outcomes of this study could have been affected by
limited price data. Brown et al. (2006) used 445 markets
in the analysis of millet price-NDVI correspondence. The
assumption that most of the maize sold in each market
are from the 25 km buffer region could possibly be
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Figure 9 : Maize residual price series versus NDVI seasonal anomalies aggregated for the
buffered areas of the five markets, illustrating the temporal relationship between these
variables

the reason why the results of this present study do not
agree with that of Brown et al. (2006). For our study, the
maize coming into the sampled markets may not only
be supplied from within a 25km market buffer zone.
Therefore, an on-spot data collection of maize prices
could possibly improve the outcome of this experiment.
Furthermore, an inclusion of other price-driving factors
(such as regional pricing regime, export restrictions, cost
of farm implements, social strife, etc.) into the regression
models could produce a stronger regression result from
the correlation between Kenyan maize wholesale price
and the NDVI anomalies.

Figure 8 presents the results of the profile analysis
of maize in Mombasa, Kenya. The time series profiles
indicate variations based on the decomposition analysis
of trend, seasonal, and random components for both the
NDVI maize phenology and the Maize wholesale price
series.

2. Temporal Dependence of Kenyan Wholesale Maize
Prices on NDVI Seasonal Anomalies
Figure 6 illustrates the temporal characteristics of meanNDVI and price series for the Nakuru market. The NDVI
series follows a seasonal pattern, while price series
fluctuates without a clear seasonal pattern. Figure 7
does not indicate a strong correspondence (r = - 0.479)
between price and NDVI. Nevertheless, the trend is
evident that maize prices were high during drought
period (i.e. negative NDVI anomalies) and low during
wet seasons (i.e. positive NDVI anomalies).

Figure 9 below illustrates the maize residual price
series and standardized NDVI anomalies for the five
markets. Values that fall below zero represent NDVI
negative anomalies (drought conditions) and values
that are above zero indicate NDVI positive anomalies
(productive years). 2009 was found by FEWSNET to be
one of the worst drought years, and maize prices rose
by 130 percent in Nairobi and 85 percent in Mombasa
compared to maize prices in 2008 (FEWSNET, 2009). The
NDVI anomalies were below zero (indicating a drought)
and the residual price series was also high. Therefore,
drought had an impact on maize wholesale price in
2009. However, there are other drought years mentioned
in the literature (Andrea et al., 2011) that do not show
a clear relationship between these variables (FEWSNET,
2009; Dinku et al., 2007).

The reason for this outcome is because of the effect of the
global prices on the Kenya wholesale price and seasonal
variation in NDVI (Brown et al., 2006). Although, stepwise
regression statistical models have the limitation of overpredicting the significance of results (Chartfield, 1995). In
addition, since NDVI time series data are usually affected
by seasonal variations and trends, the requirement of
normally distributed data for a regression analysis was
not fully met. Hence, future research should consider
the use of finer resolution (0.5 m) NDVI data that can
accurately capture maize fields.

The results of the temporal correlation between maize
residual price series and NDVI seasonal anomalies
correspond with Brown et al. (2006), who found an
association of negative NDVI anomalies with high price
and positive NDVI anomalies with low price. Brown et al.
concluded that NDVI anomalies can provide information
on areas where food price and food production instability
exists. Furthermore, maize price in Kenya seems to
be more correlated with global maize prices because
Kenya is a major importer of maize even in favourable
production years (Kibaara, 2005). This assertion further
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suggests that correction of the NDVI variable with maize
prices, including global market prices, could be helpful
for countries like Kenya that import food.

Conclusion and Recommendation
This study evaluates the relationship between remotely
sensed vegetation indices and the wholesale price of
maize in Kenya from September 1998 to August 2011. To
achieve this, the monthly wholesale price was isolated
from the lagged global prices using a linear regression
model. The residuals of the linear regression model of
the optimal lag were regarded as the wholesale price
corrected for the effect of global prices. Distributed
lag and multiple linear regression models were used to
establish a link between the residual price series and
NDVI anomalies. A negative correlation (r = - 0.479)
exists between the average residual price series and
monthly NDVI anomalies for markets in Kenya. This study
concludes that NDVI is a good index for monitoring the
evolution of maize prices and food security emergency
planning in Kenya. It is recommended that future
research should consider correlating the wholesale
maize prices with the global maize prices and other
price-driving factors in order to obtain an even stronger
regression result.
End Notes
1.
2.
3.
4.
5.
6.

Further details of the SPOT VGT data and their pre-processing
approaches are available at www.spot-vegetation.com and
www.spotimage.fr.
AFRICOVER website: http://www.fao.org/docrep/003/X0596E/
X0596e00.HTM
Global maize prices were obtained from http://www.indexmundi.com/commodities/?commodity=corn&months=300
Global price in US dollars was converted to Kenyan shillings via
www.oanda.com/currency-converter
District shapefiles were obtained from http://www.un-spider.
org/links-and-resources/data-sources/land-cover-kenya-africover-fao
Information about grain basket zonation in the study area
was obtained from both the MIB and the National Cereals and
Produce Board (NCPB)

Acknowledgements
The authors express their thanks to the FOFJ editors and
anonymous reviewers for their critical comments.

Conflict of Interests
The authors hereby declare that there are no conflicts of
interest.

References
AATF - African Agricultural Technology Foundation.
(2010, May 4). Policy Brief. Reducing Maize Insecurity in
Kenya. Retrieved from http://www.aatf-africa.org/userfiles/WEMA-KE-policy-brief1.pdf
Andrea, M. B., Prakash, N.K. D., & Zhuohua, T. (2011).
Strengthening Institutional Capacity for Integrated Climate Change Adaptation and Comprehensive National
Development Planning in Kenya. Millenium Institute,
Washington DC, USA. pp 51.
Ariga, J., Jayne, T.S. & Nyoro, J. (2006). Factors driving
the growth in fertilizer consumption in Kenya, 1990
-2005: Sustaining the momentum in Kenya and lessons
for broader replicability in Sub-Saharan Africa. Tegemeo
working paper 24/2006, Tegemeo Institute of Agricultural Policy and Development, Egerton University, Nairobi,
Kenya.
Blackburn, G.A. (1998). Quantifying chlorophylls and
ceroteniods at leaf and canopy scales: An evaluation
of some hyperspectral approaches. Remote sensing of
Environment, 66(2), 273 - 285.
Boken, V. K., Cracknell, A. P., Heathcote, R. L., & World
Meteorological, O. (2005). Monitoring and predicting
agricultural drought: a global study (Eds.). GB: Oxford
University Press.
Brown, M. E., Pinzon, J. E., & Prince, S. D. (2006). The
effect of vegetation productivity on millet prices in
the informal markets of Mali, Burkina Faso and Niger.
Climatic Change, 78(1), 181-202.
Chatfield C. (1995). Model uncertainty, data mining and
statistical inference. Journal of the Royal Satistical Society, A(158), 419-466.
Dinku, T., Ceccato, P., Grover-Kopec, E. Lemma, M., Conner, S.J., & Ropelewski, C.F., (2007). Validation of satellite
rainfall products over East Africa’s complex topography.
International Journal of Remote Sensing 28(7), 1503 1524.
FAO - Food and Agriculture Organization (2011, June
5). The state of food security in the World: How does
international price volatility affect domestic economies
and food security. Retrieved from http://www.fao.org/
docrep/014/i2330e/i2330e.pdf
FAO - Food and Agriculture Organization (2013, June).
Kenyan domestic staple food price volatility for the period 1995-2012. Retrieved from http://faostat.fao.org

16					

ISSN-Internet 2197-411x OLCL 862804632

UniKassel & VDW, Germany- December 2016

Future of Food: Journal on Food, Agriculture
and Society, 4 (3)

FEWSNET - Famine Early Warning Systems Network
(2011, June). Kenya Food Security Outlook. Retrieved
from http://www.fews.net/docs/Publications/Kenya%20
Food%20Security%20Outlook_April%202011_final.pdf
FEWSNET - Famine Early Warning Systems Network
(2013, December). Kenya Food Security Brief. http://
www.fews.net/sites/default/files/documents/reports/Kenya_Food%20Security_In_Brief_2013_final_0.pdf

effects of NCPB marketing policies on maize market
prices in Kenya. Journal of International Association of
Agricultural Economics, 38, 313–325.
Kangasniemi, J., Staatz, J., Phillips, C., Diskin, P., & Diagne, A. (1993). Food Sector Instability and Food Aid
in Sub-Saharan Africa: Michigan State University,East
Lansing, Michigan.

FEWSNET - Famine Early Warning Systems Network
(2011, June). Kenya Food Security Outlook. Retrieved
from http://www.fews.net/docs/Publications/Kenya%20
Food%20Security%20Outlook_April%202011_final.pdf

Kangethe, E. (2011, October 10). Situational Analysis:
Improving food safety in the maize value chain in Kenya. FAO Technical Report. Retrieved from http://www.
fao.org/fileadmin/user_upload/agns/pdf/WORKING_PAPER_AFLATOXIN_REPORTDJ10thOctober.pdf

FEWSNET - Famine Early Warning Systems Network
(2010, May). Food Security Framework. Retrieved from
http://www.fews.net/ml/en/info/Pages/fmwkfactors.aspx?gb=ke&l=en&loc=2

Kibaara, B. W. (2005). Technical efficiency in kenyan maize
production: An application of the stochastic frontier
approach. Colorado State University, Fort Collins. pp 23
- 28.

FEWSNET - Famine Early Warning Systems Network
(2009, April). KENYA Food Security Outlook Update.
Retrieved May 29, 2011, from http://www.fews.net/docs/
Publications/Kenya_FSU_2009_03_final.pdf

Kogan, F. N. (1995). Application of vegetation index and
brightness temperature for drought detection. Advances in Space Research, 15, 91-100.

Gitelson, A.A. & Merzlyak, M.N. (1997). Remote estimation of chlorophyl content in higher plant leaves. International Journal of Remote Sensing, 18 (12), 2691 - 2697.
Grace, K., Brown, M. & McNally, A. (2014). Examining
the link between food prices and food insecurity: A
multi-level analysis of maize price and birthweight in
Kenya. Journal of Food Policy, 46, 56–65.
High Level Panel of Experts on Food Security and Nutrition. (2013, June). Biofuels and food security. A report by
the HLPE of the Committee on World Food Security, Rome .
High Level Panel of Experts on Food Security and Nutrition. (2011, July). Price volatility and food security. A
report by the HLPE of the Committee on World Food
Security, Rome.
Huete, A. R., Karl, F. H., Tomoaki, M., Xiangming, X.,
Didan, K., Willem, L., et al. (2006). Vegetation Index greenness global data set. National Aeronautics and Space
Administration. USA. pp 56.
Ifejika, S., Chinwe, Kiteme, B., & Wiesmann, U. (2008).
Droughts and famines: The underlying factors and
the causal links among agro-pastoral households in
semi-arid Makueni district, Kenya. Global Environmental
Change Journal, 18 (1), 220-233.
Jayne, T. S., Myers, Robert, J., & James Nyoro. (2008). The
					

UniKassel & VDW, Germany- December 2016

Jacquin, A., Sheeren, D., & Lacombe, J.P. (2010). Vegetation cover degradation assessment in Madagascar
savvana based on trend analysis of MODIS NDVI time
series. International Journal of Applied Earth Observation
and Geoinformation, 12(S1), 3-10.
Lewis, J. E., Rowland, J., & Nadeau, A. (1998). Estimating
maize production in Kenya using NDVI: Some statistical
considerations. International Journal of Remote Sensing,
19(13), 2609-2617.
Malmström, C. M., Thompson, M. V., Juday, G. P., Los,
S. O., Randerson, J. T., & Field, C. B. (1997). Interannual
variation in global-scale net primary production: Testing
model estimates. Global Biogeochem. Cycles, 11(3),
367-392.
Metcalfe, A. V., & Cowpertwait, P. S. P. (2009). Time Series
Data. Introductory Time Series with R (pp. 1-25). New
York, NY: Springer.
Minot, N. (2010). Transmission of World Food Price Changes to Markets in sub-Saharan Africa. Washington: International Food Policy Research Institute.
Mishra, A. K., & Singh, V. P. (2010). A review of drought
concepts. Journal of Hydrology, 391(1-2), 202-216.
Mutanga, O. & Skidmore, A.K. (2004). Narrow band
vegetation indices overcome the saturation problem
in biomass estimation. International Journal of Remote
Sensing, 57, 263 - 272.

ISSN-Internet 2197-411x OLCL 862804632

17

Future of Food: Journal on Food, Agriculture
and Society, 4 (3)

Mutanga, O. & Skidmore, A.K. (2004). Narrow band
vegetation indices overcome the saturation problem
in biomass estimation. International Journal of Remote
Sensing, 57, 263 - 272.

Udelhoven, T., Stellmes, M., del Barrio, G., & Hill, J. (2009).
Assessment of rainfall and NDVI anomalies in Spain
(1989–1999) using distributed lag models. International
Journal of Remote Sensing, 30(8), 1961-1976.

Nguyen, H.T. & Lee, B. W. (2006). Assessment of rice leaf
growth and nitrogen status by hyperspectral canopy
reflectance and partial least square regression. European Journal of Agronomy, 24(4), 349 - 356.

Wilhite, D., (2005). Drought and water crisis: science,
technology and management issues. Taylor and Francis
Group.

Nyoro, J. K. (2002). Kenya’s Competitiveness in Domestic
Maize Production: Implications for Food Security. Nairobi:
Tegemeo Institute, Egerton University, Kenya.
Nyoro, J. K., Kirimi, L., & Jayne T.S. (2004). Competitiveness of Kenyan and Ugandan Maize Production: Challenges for the Future. Nairobi: Tegemeo Institute of Agricultural Policy and Development.

World Resources Institute. (2007). Nature’s benefits in
Kenya: An atlas of ecosystems and human well-being.
World Resources Institute. Washington DC (USA) and
Nairobi (Kenya).
Wylie, B.K., Meyer, D.J., Tieszen, L.L. & Mannel, S. (2002).
Satellite mapping of surface biophysical parameters at
the biome scale over the North American grasslands:
A case study. Remote sensing of Environment, 79(2-3),
266-278.

Pettorelli, N., Vik, J. O., Mysterud, A., Gaillard, J.-M.,
Tucker, C. J., & Stenseth, N. C. (2005). Using the satellite-derived NDVI to assess ecological responses to
environmental change. Trends in Ecology & Evolution,
20(9), 503-510.
Prince, S. D., & Goward, S. N. (1995). Global Primary
Production: A Remote Sensing Approach. Journal of
Biogeography, 22(4/5), 815-835.
Rojas, O., Vrieling, A., & Rembold, F. (2011). Assessing
drought probability for agricultural areas in Africa with
coarse resolution remote sensing imagery. Remote Sensing of Environment, 115(2), 343-352.
Rouse, J. W., Haas, R.H., Schell, J.A., Deering, D.W. & Harlan, J.C. (1974). Monitoring the vernal advancement and
retrogradation of natural vegetation. NASA/GSFC, Type III
Final Report, M.D. Greenbelt, pp. 371.
Rowland, J. D., Brock , J. C., Nadeau, C. A., Klaver, R. W.,
Moore, D. G., & Lewis, J. E. (1996). Use of Vegetative index
to characterize drought patterns in East Africa. In Raster
Imagery in Geographic Information System ( Santa Fe,
NM: Onward Press. pp. 247-255.
Singh, R. P., Roy, S., & Kogan, F. (2003). Vegetation and
temperature condition indices from NOAA AVHRR data for
drought monitoring over India. International Journal of
Remote Sensing, 24(GEOBASE), 4393-4402.
Short C., Mulinge W. & Witwer M. (2012). Analysis of
incentives and disincentives for maize in Kenya. Technical
notes series, MAFAP, FAO, Rome

18					

ISSN-Internet 2197-411x OLCL 862804632

UniKassel & VDW, Germany- December 2016

Research Paper

Future of Food: Journal on Food, Agriculture and Society
4 (3) Winter 2016

Ensuring community and agricultural resiliency to climate
change: Ceremonial practices as emic adaptive strategies
Sarah austin Casson*1
Yale School of Forestry & Environmental Studies, Yale University, 195, Prospect Street, New Haven, CT, 0651, USA
* Corresponding author: sarahaustincasson@gmail.com | +1 (203) 432-5100

1

Data of the article
First received : 30 March 2016 | Last revision received : 28 November 2016
Accepted : 05 December 2016 | Published online : 23 December 2016
URN: nbn:de:hebis:34-2016111451451

Key words

Abstract

Climate Change, Adaptation,
Resiliency, Pests, Indonesia,
Emic, Etic

This paper is an analysis of emic versus etic approaches to climate change resiliency, taking as
a case study the traditional ceremony performed by farmers in eastern Flores, Indonesia to rid
their fields of rats. This paper begins by providing a theoretical framework discussion on the
dominant etic and emic academic research on monsoons and climate change impacts on agriculture. The rat ceremony performed in villages throughout East Flores is a local custom used to
rid agricultural fields of pests—often rats—that come from the surrounding forests to feed on
the agricultural crops when the rains become erratic. This paper argues that analyzing the rat ceremony through an emic lens allows for better future resiliency to monsoon shifts due to climate
change. It is argued that the rat ceremony demonstrates a way in which community resiliency
is strengthened by an adaptive approach that supports an already existing community ceremony that emphasizes two essential tenets: community solidarity and coexistence with nature.
Both tenets directly promote community resiliency. An explicit emphasis on emic approaches
to climate change challenges could help re-define how resiliency is understood and supported
within vulnerable communities such as rural villages.

Introduction
Climate change presents a multitude of problems for
societies, institutions and individuals alike. Climate
change, caused by dramatic increases in anthropogenic greenhouse gas emissions in the atmosphere, has the
potential to disrupt the lives of all. From extreme storms
to rising sea levels to massive droughts to desertification, climate change will likely create massive environmental uncertainty. Floods and droughts threaten the
ability of farmers to produce stable crop yields. Unstable
crop yields present major problems to farmers, through
famine and lost income, and to policymakers, through
food price volatility.
After the mining sector, agriculture is the most important economic sector to the Indonesian GDP (World
Bank et al., 2013). The Indonesian Country Assessment
report believes that natural hazards, specifically floods

and droughts, are most threatening to the agricultural
sector. It argues that damages within the agricultural
sector threaten the stability of other economic sectors
by potentially causing perturbation in the supply of
food, goods and services. There is little groundwater potential for agricultural irrigation within Indonesia (World
Bank et al., 2013, p. 27), so erratic rainfall from the Australian-Indonesian monsoon has the potential to not
only threaten the agricultural sector with behavioral extremes, but it also controls the very existence of the sector. Monsoon rainfall and surface water (supplied directly by rainfall) allow agriculture to exist within Indonesia.
As such, disaster response, especially disasters attributed to climate change, has become an important agenda
point for policymakers. Within Indonesia and the region
of Southeast Asia, weather and climate-related disasters
are an increasing focus of regional policymakers and in-
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Figure 1 : A Paddy field: the islands of East Flores, Indonesia, are especially vulnerable to monsoon shifts.

ternational organizations. Both see hydrometeorological services as highly important to economic activity and
directly impacted by future disasters, especially those related to climate change.
Climate change and a lack of predators have destabilized pest populations within Indonesia (Dawei & Stigter,
2010; Rickards & Howden, 2012; Rodima-Taylor, Olwig &
Chhetri, 2012). As climate change becomes an increasing
presence around the world, many predict an increased
pest problem within agriculture because of disrupted
monsoon patterns (Behera et al., 2013; Dawei & Stigter,
2010; Howden, 2007; Huda et al., 2007; Rathore & Stigter,
2007; Rickards & Howden, 2012; Strand, 2000; Vermeulen
et al,. 2010). Pest management within Indonesia focuses largely on controlling rat populations (Hidup, 2007;
Soejitno, 1999; Thorburn, 2014). Within Indonesia, rats
as pests are conceptualized as a serious threat to food
security in regions already facing food scarcity (Hidup,
2007). Much of the social science research within Indonesia focuses on the history and social life of the many
cultures within the country (Allerton, 2003; Barnes, 1974;
Bubandt, 2004; Fox, 2011; Hägerdal, 2010), but none has
looked at the relationship between the monsoon, climate change, pests and culture (Figure 1).
This paper is an analysis of emic versus etic approaches
to climate change resiliency, taking as a case study the
traditional ceremony performed by farmers in eastern
Flores to rid their fields of rats. This paper begins by providing a theoretical framework discussion on the dominant etic and emic academic research on monsoons
and climate change impacts on agriculture. The rat ceremony performed in villages throughout East Flores, Indonesia is a local custom (described further in the case
study below) used to rid agricultural fields of pests—
often rats—that come from the surrounding forests to
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feed on the agricultural crops when the rains become
erratic. This paper argues that conceptualized as an emic
strategy, the rat ceremony can be understood to support improved future resiliency to monsoon shifts due
to climate change. While the national-level Indonesian
government has a vested economic and political interest in maintaining control of the rat population through
pesticides and defining rats as pests, the rat ceremony
offers a worldview that sees rats as misguided friends,
not enemies. The paper concludes with the argument
that while an etic approach would be to continue heavy
pesticide use, an emic approach would incorporate the
rat ceremony and understand the multiple benefits it
brings to the communities employing it.
Research methods for this study include participant
observation in East Flores in May to August of 2014 for
the author’s Master Thesis at the Yale School of Forestry
and Environmental Studies. Research focused on both
agricultural practices and everyday social conversation
about weather, in-depth ethnographic interviews in
Bahasa Indonesia (the common language of Indonesia,
a country with over 300 languages spoken), review of
historical regional documents concerning monsoons,
review of local government records of past weather, and
probability sampling surveys of crop preferences during
specific seasons and rain patterns. This research focused
on how Indonesian villages are actively adjusting their
crop choices given their ethnoclimatological worldview,
focusing on local discourse about interactions with the
environment in light of climate change.

Theoretical Framework
Emic and etic are two terms developed historically in
anthropological theory as ways to distinguish between
conceptual terms of analysis. While both are useful for
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analyzing local knowledge, etic approaches are often prioritized within the climate change adaptation literature.
These etic approaches typically employ quantitative
measurements of livelihoods to understand how best to
create resiliency in communities vulnerable to the challenges presented by climate change. In contrast, the rat
ceremony performed by farmers in villages throughout
East Flores, Indonesia, provides an example of an emic
approach to climate change adaptation—one drawing
insight from the perspective of the farmers themselves.
This theoretical framework section will focus on examining the climate change and agriculture literature on
Indonesia, examining both etic and emic approaches.
As discussed below, research studies that utilize only
etic approaches to climate change adaptation often
rely upon quantitative measurements that make sense
to those outside the community affected by changing
climate. Such etic approaches often suggest economic
and technological solutions to address climate vulnerabilities in Indonesian communities (Birkenholtz, 2011;
Bussey et al., 2012; Challinor et al., 2014; Howden et al.,
2007; Fujisaka et al., 1993; Keil et al., 2008; Stigter, 2008).
External standards are measured to determine the successfulness of farmers’ agricultural methods (Naylor et
al., 2002; Salinger, Sivakumar & Motha, 2005). Research
on Indonesian agriculture and climate change often
focuses on quantitatively measuring adaptation as a
means to aid vulnerable groups. The rationale is strong:
“there is evidence that, in concert with global warming,
the frequency and severity of extreme climatic events
will increase during the twenty-first century, and the impacts of these changes will notably hit the poor” (Keil et
al., 2008, p. 292).
An emic understanding, however, would argue that
such etic studies lack self-reflection and questioning of
assumptions. As explained below, much of the climate
change adaptation research that utilizes a solely etic approach brings an abstract concept of “risk” and imposes
the concept upon the communities studied. This paper
argues that using a complementary emic understanding
would prove useful to the climate change adaptation
discourse focused on monsoon shifts and agricultural
pests. This argument is grounded in the social science
development theory that addresses important tenets
of ecological impacts on agricultural communities and
how the international community might respond (Blaikie, 1985; Escobar, 1995). This theoretical approach calls
for a rethinking of the development discourse present
in many climate change adaptation research projects,
for including the larger social economy within projects’
analyses, and for current power relations to be questioned. Studies taking an emic approach (Zimmerman,
1987; Garay-Barayazarra & Puri, 2011) examine the mon					
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soon-community relationship in ways that are set-up to
understand locally significant categories with conceptual terms familiar to the community studied.
Etic studies
Naylor and Mastrandrea (2010) define risk as the probability of the occurrence of an event multiplied by the
repercussion of the event to human or natural systems
(p. 127). They see risk as the result of variability brought
about by climate change to agricultural production as
well as long-term changes in the climate (p. 131). Naylor et al. (2007) argue that changing monsoonal patterns
create large potential risk to Indonesia. Change creates
risk. Such risks include “significant consequences for agricultural output, rural incomes, and staple food prices”
(Naylor et al., 2007, p. 7752). Risk threatens economic
stability, but also the daily foodstuffs of millions of Indonesians. Looking at historical moments of rainfall change
using past El Niño-Southern Oscillation (ENSO) shifts,
Naylor et al. (2002) argue that change can leave many
within Indonesia hungry by disrupting the production
of rice and corn (p. 76). These papers argue that change
creates risk, where risk is perturbation and disorder within a system that can otherwise be seen as ordered.
Naylor and Mastrandrea (2010) use a risk assessment
model based on the “probability of climate events, critical thresholds of damage related to those events, and the
role of policy in reducing climate-related impacts on agricultural systems” (Naylor & Mastrandrea, 2010, p. 127).
In such a model, Naylor and Mastrandrea (2010) bring
together important variables in understanding not only
how future changes might occur, but also how those
changes could possibly interact with the policy in place.
It is an in-depth, complex, etic model to assess potential risks from climate change to agricultural production.
Such an assessment requires continual re-evaluation as
new information is gleaned from policy and climate science, as described by Naylor & Mastrandrea (2010):
Because risk assessment involves estimation of both
the probability of climate events and the expected
consequences of those climate events, it involves
a process of knowledge updating, particularly with
respect to the likelihood of climate events and how
the impact of those climate events might propagate
through the agricultural system. (p. 133)

As adaptation strategies are implemented, the assessment must be updated to reflect current changes. To
analyze risk in such a manner, Naylor and Mastrandrea
(2010) quantify uncertainty with Bayesian statistical
analysis to create subjective probabilities of future uncertainty based upon the probability of climate events
and the expected repercussions of said events (p. 133).
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While reflecting policy changes and climate science information, the assessment does not include information
about farmers’ knowledge or policymakers’ perceptions.
In other words, the assessment takes a narrow focus that
only includes etic, not emic, information, as well as using
an outsider’s understanding of climate risk to agriculture
rather than an insider’s perspective.
Taking an outsider’s understanding through quantitative measurements is a common approach to analyzing
climate adaptation strategies. Keil et al. (2008) measured
drought resiliency of farmers in Indonesia by measuring
how households managed risk. Rather than including
farmers’ definitions of risk, Keil et al. (2008) defined risk
as farmer’s lack of liquid assets and credit access. Keil et
al. (2008) explore methods of quantitatively measuring
resiliency of farmers to ENSO-related droughts in Central
Sulawesi, Indonesia. They argue that improving household resiliency is the best method to stabilize poor communities to environmental vulnerability. Keil et al. (2008)
examined resiliency at the household level using their
own drought resilience index, which relied upon indicators such as households’ liquid assets, credit access, and
agricultural methods. Their focus is largely asset-based
because, as Keil et al. state, “apart from the external economic, social, and political frame conditions, a household’s risk management largely depends on its asset
base and attitude toward risk” (2008, p. 294). They found
most common risk management strategies occurred
only after a drought had already hit because farmers
had no access to an early warning system of upcoming
droughts. Keil et al. conclude that an early warning system, coupled with major changes in agricultural planting methods, would allow farmers to better cope with
climatic vulnerability. Keil et al. see coping with climate
change, not preventing its effects, as the only route for
these communities. The suggestion provided by Keil et
al. for drought prevention strategies is permanent migration to a less drought-ridden area.
Studies like Keil et al. (2008) argue that expert knowledge should determine the metrics quantifiably measured to understand the successes of adaptation. Rather
than incorporating communities’ perceptions into their
studies, most climate change adaptation studies rely on
outside, expert knowledge (Howden et al., 2007; Naylor
et al., 2007). Vermeulen et al. (2010) suggest the following as good practice:
Actions towards adaptation fall into two broad overlapping areas: (1) better management of agricultural
risks associated with increasing climate variability and
extreme events, for example improved climate information services and safety nets, and (2) accelerated
adaptation to progressive climate change over dec-
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adal time scales, for example integrated packages of
technology, agronomy and policy options for farmers
and food systems. (p. 3)

Such an approach that takes a solely etic understanding of the problem of climate change is common within
the literature. External standards are measured to determine the successfulness of farmers’ agricultural methods
(Naylor et al., 2002; Salinger, Sivakumar & Motha, 2005).
There is a lack of self-reflection and questioning of assumptions within these studies. Instead, the researchers
bring an abstract concept of “risk” and impose the concept upon the communities studied. The studies fail to
mention how the communities view such risks.
Other etic studies that suggest concrete solutions often
focus on adaptation through externally developed technological advances. Fujisawa et al. (1993) suggest exactly that in examining how farmers could adjust their crop
management practices. They investigate how farmers’
agricultural practices (in light of environmental vulnerability) in India, Indonesia, and Myanmar can be improved
through quantitative research. The researchers’ intent is
to find agricultural practices that would allow the three
countries to overcome vulnerabilities presented by unpredictable monsoon rains.
Emic studies
Emic approaches within the development discourse provide alternative ways to read a landscape, to understand
actors’ involvement and to perceive development approaches. All call for a re-evaluation of the development
discourse, which prioritizes and naturalizes state-centric
beliefs of the landscape. This prioritization often benefits
the state, which is not a coincidence. Incorporating emic
perspectives into development projects would create a
much more nuanced discourse surrounding development solutions to climate change risks.
Garay-Barayazarra and Puri (2011) researched how local cultural knowledge can be utilized in adaptation
and resiliency strategies for climate vulnerability. Garay-Barayazarra and Puri (2011) situated their research at
the local level to understand indigenous Badeng communities’ perceptions of the monsoon and cultural intangibles. In doing so, they focused on specific aspects
of perceptions of monsoons (relationship to ayurvedic
medicine and sensory knowledge) within individual
communities. Garay-Barayazarra and Puri (2011) encouraged the use of ethnographic and participant observation research methods to better understand how
communities understand weather patterns in non-explicit ways. They argued that a strategy to climate vulnerabilities that only concerned itself with natural science weather forecasting but ignored the Badeng’s
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conceptualization of their environment would fail. The
authors state, for the Badeng, “direct bodily senses,
rather than the inanimate instruments and computer
models of modern scientific forecasting, are the avenues through which people come to experience and
therefore know and predict manifestations of their local weather” (Garay-Barayazarra & Puri, 2011, p. 21). The
Badeng view the world as deeply dynamic and connected to an individual agent’s actions. They use that view to
schedule daily agricultural activities as well as manage
during times of extreme climate vulnerabilities, such as
past mega-droughts. Such knowledge could provide a
way forward to continued community resilience in light
of climate change, especially when used to examine the
concept of pests.
Many research studies have proved the usefulness of
such an approach. For example, Stigter et al. (2005)
demonstrated the importance of including traditional
methods and indigenous technology within resiliency
projects focused on meteorological variability. Kehi and
Palmer (2012) showed the importance of understanding
cultural traditions concerning water. Ellen (2006) examined the relationship between the cultural significance
of the sago palm and crop management systems. Similar studies have explained why states do not take such
an emic-centric approach in their development practices. Just as anthropologists have studied village-level peasant conceptualizations of nature and culture,
Dove (1986) showed that anthropologists can do the
same to understand how the state views itself in relation to the environment. In particular, the preservation
of state-sanctioned environmental programs is often
influenced by and has influence on state knowledge of
unwanted, non-crop plants, i.e. weeds.
The same argument about weeds by Dove (1986) can be
made about rats in eastern Indonesia. The Indonesian
government’s perception of rats misaligns with the local communities’ understanding of rats. Such a misalignment may reflect a larger rift. As Dove (1992) argues, in
Pakistan the etymological transformation of the term
“jangal” from “savannah” to “forest waste” reflects a larger shift in physical and cultural values that have resulted from a “dialectical relationship between nature and
culture” (p. 231). The Indonesian government’s defining
of rats as pests is an intentional move towards separating nature and culture. As the Indonesian government
strives for modernity, it desires the Indonesian culture to
represent the modernity of the inner islands, not the traditional heritage of the outer islands such as East Flores.
Dove (1986) explores the disparities between peasant
perceptions and the Indonesian state’s conception of
two types of weeds. He provides a comparative anal					
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ysis of the names and origin stories of the two weedy
plants and presents a folk discourse of the environmental change. In doing so, he shows how the two belief
systems are not isolated conceptualizations of weed
knowledge, but rather a complex relationship between
a community and nature that is expressed through the
two groups’ differing discourses. Dove (1986) argues that
“state perceptions of both weeds are unvaryingly negative, based on its generally negative perceptions of systems of cultivation that employ fallow periods, and on its
self-interest in expensive eradication programs and the
alternative use of weed-covered lands” (p. 163). Just as
Fairhead and Leach (1996) argue that the degradation
discourse is created and maintained by social actors,
Dove (1986) argues that the preservation of state-sanctioned environmental programs is influenced and influences state knowledge of weeds.
Similarly, Dove (1985) argues that the Indonesian state
not only influences state knowledge of the environment,
but that it has a vested interest in maintaining certain
cultural myths over others. Dove (1985) examines state
preference of irrigated rice cultivation over swidden agriculture. He argues that this preference is not neutral or
without purpose, but rather that the Indonesian state
benefits from the continuation of irrigated rice cultivation and does not benefit from continued swidden agriculture. He argues that irrigated rice cultivation systems
are better suited to a centralized state than are swidden
agricultural methods, which often align with decentralization of power. The preference of irrigated rice cultivation by the state, therefore, is purposeful because it is a
“function of high population density [that] maximizes returns to land and capital” (Dove, 1985, p. 2). State perceptions of superior productivity of one type of cultivation
system over another are not neutral. Instead, it reflects
larger patterns of reality and produces new realities.
Dove and Kammen (1997) present such a re-evaluation
in their examination of the “moral ecology of resource
use” in which they compare Dayak gathered forest products and swidden agriculture against high-yielding
seeds produced in the green revolution (91). The failings
of green revolution systems, they argue, are not in the
technology itself, but rather the ways in which the green
revolution constructs its ideology of agriculture and
the “immorality” of the green revolution’s understanding of ecology (92). They compare the green revolution
discourse with a Dayak folk discourse of ecology to find
that the two groups define sustainability quite differently: “Whereas the Dayak system expects to make sacrifices for what is taken, the green revolution tries to optimize the difference between what it takes out and what
it puts back in, the difference between outputs (crops)
and inputs (fertilizer, etc.)” (Dove & Kammen, 1997, p.
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96). Analyzing how local communities might perceive
nature differently than practitioners (foresters or those
implementing the green revolution technology) allows
researchers to better understand the discourses used
within development and the products of such discourses.
Adaptation and Resiliency
The distinction between etic and emic approaches to climate change is reflected in the larger debate on the differences between resilience to and adaptation to climate
change. Adaptation is deliberate change in response to
external stress (Nelson et al., 2007). Nelson et al. further
specify that adaptation to environmental change can
be understood as “an adjustment in ecological, social, or
economic systems in response to observed or expected
changes in environmental stimuli and their effects and
impacts in order to alleviate adverse impacts of change”
(2007, p. 398). As such, social groups negotiate within
the adaptation framework to assess specific risks and
determine due actions.
Nelson et al. (2007) argue such an approach is inadequate
on its own. Instead, adaptation should be understood as
a part of the larger, dynamic approach of system resiliency to climate change. As such, they define resiliency
as “the amount of change a system can undergo and still
retain the same function and structure while maintaining options to develop” (Nelson et al., 2007, p. 396). Resiliency, then, emphasizes system functions. Adaptation
research focuses on actors, taking “an actor-centered
view, focusing on the agency of social actors to respond
to specific environmental stimuli and emphasizing the
reduction of vulnerabilities” (Nelson et al., 2007, p. 395).
As such, Nelson et al. see adaptation as an important
subset of but inherently different from resiliency strategies to climate change. Adaptation is in response to a
specific, static moment in time. Nelson et al. view adaptation as “incremental adjustments” and building resiliency capacity as “transformative action” (2007, p. 395).
Development programs, therefore, should not stop at
the small adjustments of change created by adaptation
projects. They should use those steps for larger systemic
transformations to create lasting community resiliency.
Adaptation projects are often only concerned with
economic and technological development. In contrast,
a resiliency project attempts to address all factors and
outcomes, especially social and ecological ones. A resiliency approach views economic and social systems
as coupled, not in opposition to one another. Nelson et
al. state, “actor-based analysis [of adaptation] looks at
the process of negotiation and decisions, and the systems-based analysis [of resiliency] examines the implications of these processes on the rest of the system” (2007,
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p. 399). It is a difference in framework view: investigating
actors’ decisions or investigating how those decisions
work within a larger system. Resiliency examines activities, not actors. Examining resiliency strategies, rather
than adaptation ones, requires conceptualizing systems
as dynamic, inter-connected, and constantly changing.
Such a conceptualization requires emic approaches to
the subject as well as etic ones.

Case Study
It is the national Indonesian government, not the local
agricultural department in the outer islands like Flores,
that promotes the use of pesticides. While the local East
Flores agricultural department offers farmers the option
of pesticides (for free), officials prefer if farmers choose
the so-called “cultural” option. This option entails a rat
ceremony performed by the elders of an individual village. As an agricultural department official stated:
This special ceremony sends the rats back to where
they belong--the sea--and is the most successful
approach to clearing rats from agricultural fields. In
my experience, the ceremony guarantees that rats
will not return to a field for at least five years. If pesticides are used [instead of the ceremony], the rats
will return next year with anger.

Another official clarified this quote by stating:
The rat can be both enemy and friend. One must
ask the rats nicely to return to their home in the sea
by conducting the ceremony. One must be polite
to the rats. Using pesticides is not polite to the rats.

According to most farmers in East Flores, a long-standing relationship between farmers and rats exists and
must be respected.
Why is this relationship so? Rats hold an important place
within the culture of East Flores, Indonesia. Most believe
that today’s rats are descendants of ancient rats that aided the farmers’ ancestors in a time of crisis. As one farmer
explained:
We cannot hurt the rats, even when they disturb
our fields because they showed my ancestors the
way to this land when they had to move from their
original homeland many years ago. A big storm
destroyed the original homeland, and so my ancestors’ needed a new one. The rats were the navigators in the boats my ancestors took to come here
because they are of the sea and know the sea.

Therefore, from an emic perspective, today’s rats do not
represent random pests attacking agriculture but rather
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misguided old friends. Performing the rat ceremony allows farmers a favorable, restorative role: to navigate the
rats back to their homelands just as rats once directed
the farmers’ ancestors to their homeland in East Flores.
Berkes, Colding and Folke (2000) demonstrate similar uses of traditional ecological knowledge in climate
change adaptation strategies.
To direct the rats, a three-step ceremony is performed:
sacrifice, procession, and forest mixture. A farmer explained the first step: “The rat ceremony starts with the
sacrifice of a pig. Other ceremonies can sacrifice different animals but for the rat ceremony, it must be a pig.”
The sacrifice must follow strict guidelines. Village elders
from the four major clans must perform certain rites and
position themselves around the pig as it is being sacrificed. These rites and positioning reflect the clans’ roles
within the village. The second step of the ceremony involves a village member carving a rat statue about 15
centimeters in height and a canoe about 30 centimeters
in length. The rat statue is put inside the canoe. The elders, along with the entire village, accompany the canoe
from the agricultural fields down to the sea in a long
procession. At the sea, the elders recite prayers asking
the rats not to return to the fields, and the canoe with
the rat statue inside is left to drift out to sea. When the
elders return to the village, they go into the forest to collect special leaves and roots only known to the elders.
These forest goods are mixed with water and brought to
the agricultural fields. There the elders recite prayers and
spread the mixture onto all the fields using palm leaves
to sprinkle the liquid. Such a forest mixture provides
food for the spirits of the fields, ensuring a healthy (and
rat-free) agricultural plot.
Farmers must wait three to six days, depending on the
elders’ decree, before returning to their fields. As one
farmer said:
We must not return at all to our fields during that
time. I have used that time in the past do to work
around my house or to go fishing. When the elders
say we farmers may return to the fields, there are no
more rats. The rats are happily back in the sea and I
am happily back in my field with crops still alive to
feed my family with.

All farmers reported the same thing, as did the local East
Flores agriculture department officials: when done properly, the rat ceremony always works to rid fields of rats in
a way acceptable to both rats and farmers.
This ceremony is usually performed in February or March
because as one farmer explained, “Rats appear when the
big rains have ended and there is no rain to deter the rats
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but lots of good corn and rice for them to eat.” An agricultural department officer agrees: “The appearance of
rats in fields directly relates to rainfall and the intensity
of rainfall. Rats become especially present if there are periods of a lot of rain and severe periods of no rain.” From
these accounts, there appears to be a close relationship
between the behavior of the monsoon and the performance of the rat ceremony.
Similar to the differing perceptions surrounding the rat
ceremony in East Flores, the lack of clarity within the
practice of augury (interpreting omens from observing
the flight of birds) in Borneo shows the ways in which nature and culture are understood and the relationship between the two are conceptualized. Dove (1996) argues
that “augury is less a projection on to the environment
of what society thinks about itself than a reflection (and
operationalization) of what society has learned about its
environment and about the relationship between itself
and its environment” (p. 559). Inner islanders view rats
as pests. Outer islanders see rats as something not to be
eradicated but rather re-directed. They represent misguided friends, not pests. Rats are matter out of place.
To the local community, rats belong in the sea, not the
fields. The mistake rats make by living in the fields (and
thus eating all the crops) is something to be gently corrected through ritual, not harsh chemical warfare with
pesticides. In the end, what matters is a stronger inter-community relationship and a perspective that views
humanity and nature in coexistence.

Discussion
Ensuring community resilience is an essential tenet of
climate change adaptation and resiliency (Adger et al.,
2012; Berkes, 2007; Folke et al., 2010; Folke et al., 2002).
The coming shifts presented by climate change are unknown and unpredictable. What is known is that rural
communities dependent upon small-scale agriculture
are particularly vulnerable to disintegration of community cohesion. Community resiliency provides at least
some stability in a time of great changes (Adger et al.,
2012; Nelson, Adger & Brown, 2007). Practices like the
rat ceremony do just that. The ceremony provides an
emphasis on working with other community members
and in harmony with nature, which is essential to withstanding the challenges presented by climate change
(Figure 2). The rat ceremony should stand as an example
of other possible definitions of climate change resiliency
strategies. Instead of solely etic, top-down approaches,
climate change adaptations could build upon existing
social practices by explicitly taking an emic understanding of problems created by climate change, which would
help communities to adapt from within.

ISSN-Internet 2197-411x OLCL 862804632

25

Photo Source: S.A. Casson

Future of Food: Journal on Food, Agriculture
and Society, 4 (3)

Figure 2 : Community solidarity created through celebrations and ceremonies helps
ensure climate change resiliency

Studies like Keil et al. (2008), Fujisaka et al. (1993), and
Naylor and Mastrandrea (2010) use an etic lens to focus
on adaptation strategies to climate perturbations in Indonesia by taking a quantitative, economic and technical approach that leaves no room for differing perceptions of risk or practices of agriculture. These researchers
focus on how climate science can be “applied wisely” to
agricultural policies, without explaining whose definition of ‘wise’ is being used and how it might differ from
other definitions (Naylor & Mastrandrea, 2010, p. 138).
Researchers taking an etic-only approach assume that
the problems of agricultural adaptation within Indonesia lie only with the lack of future climate data. Future
research, therefore, is directed only toward perfecting
climate models’ projections rather than also directing research to how resiliency is understood and implemented by multiple actors with possibly differing incentives,
beliefs and practices.
An etic approach emphasizes technical inputs as solutions for the rats’ presence in agricultural fields. These
solutions usually come in the form of expensive chemicals dangerous to animals other than rats. In the following, Tsing (2005) explains pesticide use against rats in
Borneo:
The plantation, they say, sells rat poison named
‘kill a rat.’ I hear overtones of death, sweeping from
the English-speaking north. At home, I find the
poison ‘Klerat’ on the Web, from the British firm Sorex, a product of its international line. This is a second-generation anticoagulant poison, formulated
for rats that have become resistant to warfarin.
Elsewhere on the Web, I find complaints that it is
killing British owls and California wildlife, even as
the rats are becoming resistant again. I’m sure it is
effective in killing off a broad spectrum of Bornean
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tropical rodents and other small animals, possibly
sparing the cosmopolitan Norway rats, who seem
quick to adapt to almost anything. (p. 46)

Similar pesticides are used across the Indonesian archipelago.
Etic perspectives on climate change resiliency also apply to how the majority of studies view insects and rodents within agricultural fields. These animals are universally deemed “pests” and technological systems are
suggested to best eradicate them from fields (Huda,
2007; Garrett et al., 2006). Howden et al. (2007) argue for
“Improving the effectiveness of pest, disease, and weed
management practices through wider use of integrated
pest and pathogen management, development, and use
of varieties and species resistant to pests and diseases
and maintaining or improving quarantine capabilities
and monitoring programs” (p. 19693). Such effective
management of pests is often understood as a necessary
eradication of pest populations, best done through technological inputs, like chemical poison (Pasotti, 2006).
Etic frameworks do provide valuable perspectives on
possible climate change adaptation, but should not be
understood as the sole answer. Useful solutions cannot be found by only using etic tools to analyze fundamentally personal and disordered concepts like climate
change adaptation and resiliency. A solely etic approach
to pest management has major drawbacks. It promotes
individual action over community cohesion and relies
heavily on the input of dangerous pesticides—both in
the name of climate change adaptation. When rats are
found in a field in East Flores, the farmer reports to the
village chief, who contacts the agricultural department.
As one government official explained, farmers can then
choose from three pest management options: 1) pesti-
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cide use, 2) traps, or 3) cultural ceremony. According to
the official, the Indonesian government strongly prefers
farmers to choose pesticide use. The Indonesian government gives out pesticides to individual farmers, not
communities. The pesticides are often applied to some
fields in a village but not all, emphasizing the singularity inherent to pesticide use. Management of rat populations through etic approaches that prioritize individual application of dangerous pesticides exemplifies
many development projects looking to promote climate
change resiliency at the local level.

Conclusion
Seeing the rat ceremony as a potential resiliency strategy to climate change proves a useful example of an
emic understanding. When performed, the rat ceremony emphasizes two main principles: community solidarity and coexistence with nature. The rat ceremony is said
to only work when the community is of “one mind and
one heart.” Community solidarity, instead of pest control, becomes the focus of the climate change resiliency.
Rather than attacking nature through heavy pesticide
use, the rat ceremony provides a different narrative to
the human-nature relationship. Rats are friends of the
farmers that must be guided back to their homeland in
the sea through polite requests and prayers. Community
solidarity helps to ensure a community’s resiliency to the
problems created by climate change.
An etic approach would likely ignore intricate social dynamics that are of rapidly shifting form and thus overlook major tenets to a community’s own resiliency to
climate change and social change. Incorporating local
cultural conceptions of what constitutes solutions to
problems created by climate change can be effective.
An emic understanding of place provides in-depth context to a pest problem. An etic approach often just calls
for increased use of stronger pesticides, which presents
possible health risks to the community and potentially
removes an important reason to bring the community
together on a regular basis.
The development discourse, as employed by practitioners for hydrological, soil erosion, forestry or other perceived problems, often misses such a nuanced understanding of the multiplicity of actors and perspectives.
Blaikie (1985) argues that the development discourse
views landholders as selfish and ignorant consumers of
the environment in ways that cause soil erosion and as
needing intervention from development practitioners to
re-direct the landholders’ values and actions. Such a discourse serves to maintain the idea that the problem of
soil erosion, like the problem of forestry or green revolu					
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tion agriculture, exists in the technical realm. Conversely,
work from Blaikie (1985), Escobar (1995), Fairhead and
Leach (1996), and Dove and Kammen (1997) introduce
new perspectives that understand environmental degradation problems as originating from socio-economic
standards. These authors argue that the solutions produced by the development discourse, which only focus
on technical induced innovations, will never solve the
problem of soil erosion or social forestry. Instead, solutions will come from discourse that understands the
problem of soil erosion is “a matter not of what exists but
of who commands what” (Blaikie, 1985, p. 3). Solutions
that focus only on the physical realm, not the social, cannot be effective because the problems do not lie in the
physical realm. As Dove (1995) argues, solutions cannot
focus solely on the trees, but instead should examine the
multiple social understandings of the trees.
Examining how research creates conceptualizations of
reality allows one to better understand how these discourses are used and what they produce. Etic approaches
construct frameworks in which development—through
policymakers or international organizations—views itself as an organizing force to combat the disorder of a
natural disaster. Development orders both farmers and
climate by viewing both as concepts of perturbation
and disorder in need of controlling. Unknown farmers
must be encouraged to follow the right policies, climate
changes must be modeled, and risks of the chaos produced by both must be assessed through etic-focused
research. Including emic-focused research would require
a re-examination of development concepts of order and
disorder. Including emic-focused research would require
shifting the discussion of climate change adaptation
and resiliency. Research would have to confront existing
power structures and view climate change, along with
other disasters, as social and political embodiments of
how, why and who a hazard affects, rather than understanding policy as a simple binary to be imposed upon
unknown farmers. Climate change policies that incorporate multiple discourses about the environment—etic
and emic—would help push policymakers to question
top-down dissemination of knowledge and look for bottom-up solutions, rather than re-enforcing the status
quo of development discourse power structures.
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Beef production can be environmentally detrimental due in large part to associated enteric
methane (CH4) production, which contributes to climate change. However, beef production in
well-managed grazing systems can aid in soil carbon sequestration (SCS), which is often ignored
when assessing beef production impacts on climate change. To estimate the carbon footprint
and climate change mitigation potential of upper Midwest grass-finished beef production systems, we conducted a partial life cycle assessment (LCA) comparing two grazing management
strategies: 1) a non-irrigated, lightly-stocked (1.0 AU/ha), high-density (100,000 kg LW/ha) system
(MOB) and 2) an irrigated, heavily-stocked (2.5 AU/ha), low-density (30,000 kg LW/ha) system
(IRG). In each system, April-born steers were weaned in November, winter-backgrounded for 6
months and grazed until their endpoint the following November, with average slaughter age of
19 months and a 295 kg hot carcass weight. As the basis for the LCA, we used two years of data
from Lake City Research Center, Lake City, MI. We included greenhouse gas (GHG) emissions associated with enteric CH4, soil N2O and CH4 fluxes, alfalfa and mineral supplementation, and farm
energy use. We also generated results from the LCA using the enteric emissions equations of the
Intergovernmental Panel on Climate Change (IPCC). We evaluated a range of potential rates of
soil carbon (C) loss or gain of up to 3 Mg C ha-1 yr-1. Enteric CH4 had the largest impact on total
emissions, but this varied by grazing system. Enteric CH4 composed 62 and 66% of emissions for
IRG and MOB, respectively, on a land basis. Both MOB and IRG were net GHG sources when SCS
was not considered. Our partial LCA indicated that when SCS potential was included, each grazing strategy could be an overall sink. Sensitivity analyses indicated that soil in the MOB and IRG
systems would need to sequester 1 and 2 Mg C ha-1 yr-1 for a net zero GHG footprint, respectively.
IPCC model estimates for enteric CH4 were similar to field estimates for the MOB system, but
were higher for the IRG system, suggesting that 0.62 Mg C ha-1 yr-1 greater SCS would be needed
to offset the animal emissions in this case.
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Introduction
There is a growing concern about beef production’s
impact on the environment, including contributions to
climate change. However, beef production systems are
variable, ranging broadly from intensive confined feedlots to diverse grazing systems. As a result, these systems contribute differently to climate change through
mechanisms such as animal impacts, off-farm inputs,
and land management. Identifying opportunities to reduce climate impacts requires a systematic approach
that considers the larger agroecosystem. This need for
a systems approach has become increasingly urgent,
particularly in light of the fact that one outcome of the
United Nations Conference on Climate Change (COP21)
was a call for greater adoption of regenerative agricultural practices. Specifically, this call includes the “4/1000
Initiative: Soils for Food Security and Climate” and the
Life Beef Carbon Initiative, which recommends greater
adoption of grazing systems that sequester C and reduce net GHG emissions from beef production.
Life cycle assessments (LCAs) are important tools that
have been applied to evaluate the costs and benefits of
beef production systems with respect to the environment and climate change. While LCAs can be insightful,
the outputs are highly sensitive to the methodologies
and boundaries used to develop the analysis. Many existing beef LCAs have concluded that grazing systems
have a bigger climate footprint than more intensive,
confined systems due to reduced meat yield per unit
land and increased enteric methane (CH4) associated
with greater ruminal fiber digestion (Eshel, Shepon, Makov, & Milo, 2014; Ripple et al., 2014; Capper, 2012). However, these assessments have generally not accounted
for the important influence that land management and
soil dynamics can have on the outcome.

Soil is an important pool of C that is sensitive to land
management and can cumulatively have a significant
impact on climate change. Recently, Teague et al. (2016)
indicated agriculturally induced global soil erosion estimates at 1.86 Gt C yr-1, resulting in an annual 0.5 ppm
atmospheric CO2 increase. Because soils can be either a
source or sink of C depending on management practices, soil C is a potentially important component of beef
LCAs (Teague et al., 2016). Soil C has often been unaccounted for in LCAs (Stackhouse-Lawson, Rotz, Oltjen, &
Mitloehner, 2012; Capper & Bauman, 2013), but has been
found to have a large impact on net GHG footprints
when explicitly included (Liebig, Gross, Kronberg, & Phillips, 2010; Wang, Teague, Park, & Bevers, 2015) or at least
considered (Pelletier, Pirog, & Rasmussen, 2010; Lupo,
Clay, Benning, & Stone, 2013). The availability of experimental data on soil C and GHG effects of grazing systems
has been an obstacle in filling this critical gap in LCAs.
The purpose of this study is to develop a data-driven
partial LCA of upper Midwest grass-finishing beef production systems. Our LCA explicitly considers soil C and
GHG dynamics and uses data from localized field experiments. We employ a simple sensitivity analysis to evaluate the potential for soil carbon sequestration (SCS) to
offset emissions within grass-finished beef production
systems.

Materials and Methods
LCA components and boundaries
An LCA was constructed to determine net GHG impacts
of two different grazing management practices for beef
production in the upper Midwest, USA. Components of

Figure 1 : Grass-Finishing beef production phase
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the LCA include direct and indirect GHG emissions associated with the grassland ecosystem, enteric emissions
from cattle, feed production and transportation, and onfarm energy use. The model boundary was restricted to
the grass-finishing portion of the beef production cycle,
beginning at the time of weaning and ending at slaughter (Figure 1).
The model quantified the impacts of grazing management practices on the net greenhouse gas emissions
(GHGnet) as:
GHGnet = GHGecosystem + GHGfeed + GHGenergy - GHGseq

Eq. 1

where GHGecosystem represents biological greenhouse
gas emissions generated on the pasture. This parameter
includes enteric CH4 emissions from steers (> 1 year old)
and the difference in soil nitrous oxide (N2O) and CH4
emissions relative to an ungrazed control pasture. Emissions associated with the mining, production, and transportation of supplemental feed and minerals are represented as GHGfeed. Emissions generated from the use of
fossil fuels for on-farm technologies (i.e., irrigation) are
represented as GHGenergy. The change in soil carbon
is shown as GHGseq, where a positive value represents
sequestration (i.e., a sink). All model components are
expressed as GHG fluxes in CO2-equivalents using 100year global warming potentials (Intergovernmental Panel on Climate Change, 2006). Positive values represent
a source of GHGs to the atmosphere, whereas negative
values represent a GHG sink. Metrics for comparison of
GHG impacts due to grazing practices were expressed
on a per steer and per area basis.
Study system
Data used for the LCA was derived from two years of onfarm experiments conducted at the Lake City Research
Center in Lake City, Michigan. The experiments were
composed of grass-finishing beef production systems
that compared two different grazing management strategies. The approaches were: 1) MOB: a non-irrigated,
high-density grazing system stocked at 1.0 animal units
(AU) ha-1 (100,000 kg live weight (LW) ha-1 d-1) and 2) IRG:
an irrigated, low-density grazing system stocked at 2.5
AU ha-1 (30,000 kg LW ha-1 d-1). An AU is considered
one 454 kg cow with or without calf. We define stocking
rate as the number of AUs assigned to the land base for
a given year, while stock density refers to the kg LW/ha
of animal weight assigned to a land base for 1 day. While
our LCA was driven by data specific to the Upper Midwest, the management characteristics of the IRG system
are similar to many grazing dairies and beef systems in
New Zealand, parts of Europe, Australia and the United
States. The IRG system is characterized by aggressive
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plant defoliation with short (21-45 day) recoveries to
promote a highly vegetative sward. In contrast, MOB is
a grazing system characterized by high stock densities
with a lower stocking rate. The MOB system allows for
longer (> 60 day) plant recovery periods. As a result,
forage is typically more mature when compared to IRG
and has a higher fiber content when compared to other
rotational systems (Chiavegato, Powers, Carmichael, &
Rowntree, 2015b). In each grazing strategy, steers were
born in April, weaned in November, backgrounded on
high quality hay for 6 months, and grazed on pasture
until slaughter the following November, with an average
age at slaughter of 19 months and a 295 kg hot carcass
weight (HCW). Our life cycle model focuses on the period from weaning to slaughter (Figure 1).
Ecosystem greenhouse gas emissions
Ecosystem GHG emissions included enteric CH4 and
soil N2O and CH4 fluxes measured at the experimental
site from 2012-13 (Chiavegato, Rowntree, Carmichael, &
Powers, 2015a, Chiavegato et al., 2015b). Emissions were
measured in spring (April/May; Period 1) and late summer (August/Sept; Period 2) for 2 years. These time periods were considered to be representative of seasonal
fluxes and were scaled by the numbers of days in each
season. For the base case scenario, soil emissions during
winter months are assumed to be negligible.
Enteric emissions were derived from on-site data from
cow-calf pairs with a mean weight of 555 kg (SE= 20 kg)
using a standard SF6 tracer gas technique (Johnson, Huyler, Westberg, Lamb, & Zimmerman, 1994). Sampling was
conducted twice daily over 7 days in Periods 1 and 2 in
2012 and 2013. During each sampling period, cattle were
also dosed with chromic oxide to determine dry matter
intake (DMI). There was no management effect on DMI
as cows consumed 2.6 and 2.8% of their body weight
daily during the collection periods for MOB and IRG, respectively. There were no differences between years or
treatments for enteric CH4, with emissions ranging from
195 to 249 g CH4 d-1. We used a metabolic body weight
conversion of 0.85 to convert emissions from a mature
cow (555 kg) to a growing steer (454 kg). For both systems, we estimated winter CH4 emissions to be 120 g L-1
d-1 on high quality hay, based Stewart et al. (2014). We
also compared our data to enteric CH4 calculations using
the Tier 1 Methodology of the Intergovernmental Panel
on Climate Change (IPCC):
DayEmit = [GEI XYm ] / [55.65 MJ/kg CH4]

Eq. 2

where:
DayEmit = emission factor (kg CH4 head-1 day-1)
GEI = gross energy intake (MJ head-1 day-1)
Ym = CH4 conversion rate, which is the fraction of gross
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energy in
feed converted to CH4 (%)
To complete the IPCC equation, site-specific mean GEI
forage values (Chiavegato et al., 2015a) and the recommended Ym of 6.5% (Mangino, Peterson, & Jacobs, 2003)
were used.
Soil GHG emissions data used for the base case scenario
is detailed in Chiavegato et al. (2015b). Briefly, soil N2O
and CH₄ emissions were measured via the static flux
chamber method and analyzed by gas chromatography.
A 14 day post-graze collection period in both periods in
2012 and 2013 was used.
Greenhouse gas emissions from protein and mineral supplements
The grazed pastures and supplemented feed were primarily alfalfa (Medicago sativa L.). For the supplemental
feed GHG assessment, we used the Farm Energy Analysis
Tool (FEAT) (Camargo et al., 2013). Assumptions involved
in FEAT indicate a three-year lifespan for the alfalfa, with
an energy use of 9000 MJ input ha-1 y-1 and energy production efficiency of 25 MJ output per MJ input (Camargo, Ryan, & Richard, 2013). No differences in supplement
consumption were used between the different grazing
systems. The on-farm supplemental feed consumption
per animal for the production cycle was 2044 kg. Half
of the alfalfa was produced on site, while the other half
was brought on farm from an average distance of 24 km.
In each case, a yield of 7490 kg ha-1 y-1 was used based
on USDA harvest estimates (USDA, 2015). All associated
transportation GHG emissions were estimated using diesel heavy-duty truck data from the EPA (2008).
Mineral supplement calculations were based on a daily intake of 77 g head-1 across each grazing treatment
(Buskirk, 2002). Mineral associated emissions were estimated based on Lupo, Clay, Benning, and Stone (2013).
This involves the mining and processing components of
NaCl, CaCO3 and CaHPO4 production, along with transport and delivery to the farm.
On-farm energy use
Any associated energy used for alfalfa production and
subsequent feeding is accounted for in the feed component. Supplemental irrigation was used in IRG (K-Line Irrigation, St. Joseph, MI) with a goal of providing 2.54 cm
water ha-1 wk-1. The estimated annual usage of irrigation
electricity was 7452 kW yr-1. EPA (2014) emission factors
were used to determine emissions associated with electricity use.
Soil carbon sequestration
To account for soil C change in each system, we consid-
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ered a C-response gradient ranging from -3 Mg C ha-1 yr-1
to 3 Mg C ha-1 yr-1. Grazing lands have the potential to act
as C sinks, but reported rates of SCS due to grazing system management vary considerably based on climate,
biome, time of observation, and site-specific conditions.
A review of 81 ranch sites reported SCS rates ranging
from 0.11 to 3.04 Mg C ha-1 yr-1 (Conant, Paustian, & Elliott, 2001). More recent attention to emerging intensive
rotational grazing practices has indicated even greater
potential SCS rates. Teague et al. (2011) reported annual
sequestration rates of 3 Mg C ha-1 yr-1 in a 10 year chronosequence study in Texas comparing stocking rate and
grazing management influence on beef production and
ecosystems services. Machmuller et al. (2015) observed
SCS of 8.0 Mg C ha-1 yr-1 in a 7 year chronosequence of
irrigated management-intensive grazing in the southeastern USA. Thus, the relatively wide range of SCS rates
used for this LCA provides an opportunity to incorporate
soil C dynamics and uncertainties.

Results and Discussion
LCA results of MOB and IRG systems on a kg CO2-eq ha-1
production cycle and animal basis derived from Eq.1 are
indicated in Figure 2. The MOB system had lower emissions on a land basis when compared to the IRG system
(3.3 vs. 7.1 Mg CO2-eq ha-1) due to lower stocking rates.
The IRG farm energy use was 1064 kg CO2-eq ha-1 due to
the electricity used for irrigation, compared to no energy
use for the MOB system. For both systems, enteric CH4
was the largest contributor to overall emissions, ranging
from 62 to 66% for the IRG and MOB systems, respectively. This finding is lower than results found by Pelletier,
Pirog, & Rasmussen (2010), who estimated enteric CH4
emissions to make up 79% of total GHG emissions from
a grass-finishing system.
Enteric emissions ranged from 142 to 268 g CH4 d-1 (Chiavegato et al., 2015a). These results are similar to those
reported by DeRamus, Clement, Giampola, and Dickison (2003), who indicated yearling heifers, first calf heifers and mature cows ranged from emitting 120 to 255
g CH4 d-1. Similarly, Pavao-Zuckerman, Waller, Ingle, and
Fribourg (1999) reported a range of 150 to 240 g CH4 d-1.
However, these data fall slightly lower than estimates by
McCaughey, Wittenberg, and Corrigan et al. (1999) and
Pinares-Patiño, Baumont, and Martin (2003), who found
ranges in emissions from 173 to 273 g CH4 d-1. The lower
stocking rate in MOB also resulted in lower enteric CH4
emissions compared to IRG (2165 vs. 4430 kg CO2-eq ha1
) on a land area basis. However, on a per steer basis, IRG
enteric emissions were 393 kg CO2-eq steer-1 less than
MOB. The grazing effect on enteric CH4 emissions may
be explained by the observed increase in forage crude
protein and reduction in fiber content for IRG compared
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Figure 2 : Life cycle assessment of on-farm data estimated with metabolic body
weight
Table 1: Impact of soil C emission gradient on net GHG in two management systems
___________Net GHG (Mg C ha-1 yr-1)__________
On-farm
Soil C Emission

MOB

IRG

MOB

IRG

-3

-2.11

-1.07

-2.05

-0.45

0

0.89

1.93

0.95

2.55

3

3.89

4.93

3.95

5.55

(Mg C ha-1 yr-1)

to MOB (Chiavetago et al., 2015a).

forage quality is a primary driver in relative daily enteric
emissions.

The beef production systems used to calculate this LCA
represent improved grazing management as compared
to continuous set stocking strategies, which have been
shown to reduce plant diversity and productivity due to
overgrazing of preferred plants and patches (Murphy,
1998; Gerrish, 2004; Teague, Provenza, Kreuter, Steffens,
& Barnes, 2013). The lower enteric CH4 emissions in the
observations reported here might be due to the relatively high plant diversity we observed in the well-managed
systems. Both systems included multiple daily to weekly
moves to new pasture, allowing for greater forage residual biomass and longer recovery periods, feeding back
to the ecosystem by increasing the plant diversity and
forage quality (Chiavegato et al., 2015a). Conceptually,
this agrees with Bannink et al. (2010), who indicated that
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IPCC

Enteric CH4 emissions were also assessed using Tier 1
IPCC daily enteric emission predictive equations (Eq.1)
(IPCC, 2006), as it is a commonly used methodology
when site- or regionally-specific data are lacking. There
was very little difference between the MOB GHG footprint calculated using our field observations compared
to the IPCC approach (3.3 vs 3.5 Mg CO2-eq yr-1, respectively) (Figures 2 & 3). However, when evaluating the
IRG system, the IPCC approach generated a greater enteric CH4 value and concurrently a larger footprint on a
land and steer basis by 34%. In a review of measured and
simulated enteric emission rates, Stackhouse et al. (2012)
indicated the IPCC overestimated emissions by 16.4% on
average, with a differential range of -0.01 to 55%.
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Figure 3 : Life cycle assessment of IPCC data to estimate enteric methane emissions

Table 1 denotes overall C footprint balance (in CO2-eq)
based on a plausible gradient of soil C flux, representing
soil C loss or gain ranging from ±3 Mg C ha-1 yr-1. Assuming a sequestration rate of 3 Mg C ha-1 yr-1, all systems
and methods indicate an overall GHG sink ranging from
2.11 to 1.07 (MOB) and 2.0 and 0.45 Mg C ha-1 yr-1 (IRG),
representing on-farm and IPCC calculations, respectively. A soil C flux gradient allows for a greater understanding of soil C influence on the overall environmental footprint. As Stackhouse et al. (2012) indicated, LCA’s often
consider soil C to be in dynamic equilibrium. However,
empirical data suggest otherwise (e.g. Machmuller et al.,
2015; Teague et al., 2011). Recent studies such as Ripple
et al. (2014) and Eshel et al. (2014) have reported the
emissions from ruminants in food production without
accounting for the beneficial ecosystem services that
well-managed grazing systems can provide. In our study,
we used 3 Mg C ha-1 yr-1 as a potential C sequestration
figure, which is relatively high (Conant et al., 2001) but
viable based on existing studies (Teague et al., 2011; Delgado et al., 2011; Machmuller et al., 2015; Teague et al.,
2016). Importantly, the results presented here suggest
that with appropriately managed grazing, a grass-finished beef model can not only contribute to food provisioning but also be ecologically regenerative as well.
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isting beef LCAs that have concluded that beef cattle produced in grazing systems are a particularly large sources
of GHG emissions. To identify the best opportunities to
reduce GHG emissions from beef production, a systems
approach that considers the potential to increase soil C
and reduce ecosystem-level GHG emissions is essential.
Using a combination of on-farm collected data, literature values, and IPCC Tier 1 methodology, we generated an LCA that indicates highly-managed grass-finished
beef systems in the Upper Midwestern United States can
mitigate GHG emissions through SCS while contributing to food provisioning at stocking rates as high as 2.5
AU ha-1. From this data, we conclude that well-managed
grazing and grass-finishing systems in environmentally
appropriate settings can positively contribute to reducing the carbon footprint of beef cattle, while lowering
overall atmospheric CO2 concentrations.
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In this paper, we propose climate adaptation solutions for the green sectors in three different
zones of MENA: Egypt’s Delta (irrigated), Karak, in the highlands of Jordan (rainfed), and Lebanon’s Orontes basin (mixed: rainfed-irrigated). We analysed land use and crop intensification,
and calculated the economic productivity of water – a critical scarce resource in MENA. By integrating the results with evidence from literature on the potential impacts of climate change and
socio-economic factors, we could identify vulnerability levels of the three regions and propose
adaptation measures relying of the concept of the “food-water-energy nexus.” While the vulnerability levels are found to be high in the Delta (Egypt) and Karak (Jordan), mainly due to water
scarcity and poor adaptive capacity, the vulnerability level is moderate in the Orontes zone (Lebanon) due to a diversified agricultural sector and good market development, coupled with moderate water scarcity. Proposed adaptation solutions range from measures to improve technical
efficiency, to measures that encourage economically efficient allocation by use of market forces.
For both cases, the development of market opportunities is emphasized to make the proposed
measures attractive to farmers.

Introduction
The Middle East and North Africa (MENA) region already
suffers from water scarcity, which is projected to become
severely affected by climate change, resulting in lower
precipitation, higher temperatures, and increased frequency of droughts. Other pressures such as population
growth, urbanization and economic development have
been the driving forces in policy formulation that has
led to the current structure of agricultural systems and
pattern of water use (Hoff, 2012). Climate change will
act on top of these other drivers, interact with them and
complicate their influences. Agriculture, the main user
of water, will probably undergo major changes in order
to avoid maladaptation. Recently, it has been widely
acknowledged that climate change adaptation should
span several sectors in an integrated manner, particularly for agriculture, water and energy. Recent studies emphasize the concept of the “food-water-energy nexus”

and confirm the need to mainstream climate adaptation
in agriculture, while also addressing actual and potential
challenges related to the water and energy sectors (Talozi et al., 2015).
In this paper, we propose climate adaptation measures
for the green sectors in three different zones of MENA:
the Delta zone of Egypt (with intensively irrigated farming systems), the Karak region of Jordan (dominantly
rainfed systems), and the Orontes basin zone of Lebanon
(mixed irrigated-rainfed systems). The base analysis relies on assessing the efficiency of land use and allocation
to different crops using the economic productivity of the
scarcest resource: water. The analysis is integrated with
evidence from literature on potential impacts of climate
change on the green sectors in light of the already ongoing changes caused by socio-economic factors. The
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concept of the “food-water-energy nexus” is used as a
reference for the proposed solutions of adaptation.
Summary of climate change impact on MENA region
According to the Intergovernmental Panel on Climate
Change’s (IPCC) latest assessment report (AR5), in most
regions, the frequency of warm days and nights will increase in the next decades. The frequency and intensity of drought have already increased in the Mediterranean and West Africa since 1950. Reduced rainfall over
the MENA region is very likely by the end of the 21st
century. The annual or seasonal drying/warming signal
has become a consistent feature in climate change projections for the 21st century. Hydrological models show
a decline in runoff between 0 and 10% in most of the
MENA region, and predict further decreases if projected through the end of the century. Groundwater, which
supplies over 50% of water demands in the Arab region,
will also come under greater pressure due to very low
recharge, coupled with excessive extraction. In coastal
areas, seawater intrusion and deteriorating water quality
compound the problem of climate change (IPCC, 2014).
In Egypt, most studies indicate that projected climate
change will not significantly affect water resources in
the Nile river, as higher evaporation from drier weather
will be compensated by a wetter climate in East Africa;
however, crop water requirements will increase (Sowers
et al., 2011; Fahim et al., 2013; El-Ramady et al., 2013). In
Jordan, the runoff will decline, while groundwater recharge will fall by about 5% under moderate scenarios.
Under the most extreme scenario, runoff will decrease
by about 23% (Abdulla et al., 2009). Similar projections
are reported for Lebanon, where increases in temperatures by 1-2°C will be combined with a 10-20% rainfall
decrease by 2040, with periods of extreme temperatures
and drought becoming more likely (LSNC, 2011).
These dwindling water resources due to climatic factors will be coupled by mounting water demand from
population and economic growth, resulting in rapidly
decreasing water availability that, by 2025, could be 30
to 70% less per person in the MENA region (Sowers et
al., 2011).

Methods and data
Data sources
The analytical framework used in this paper relies on
several technical and economic indicators related to water, crops, trade and other socio-economic data. Macroeconomic data, including GDP, employment, and share of
sectors in the GDP were taken for various years from the
World Development Indicators of the World Bank (2015).
Agricultural and food data for several years including
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crop, livestock, and fishery production and yields were
taken from FAOSTAT (2015) and complemented with
national sources such as EMALR (2011, 2013), CAPMAS
(2012, 2015), and GAFRD (2014) for Egypt, DOS (2015)
for Jordan, and LMA (2012) for Lebanon. Water resource
data were taken mostly from national sources such as
CAPMAS (2012) for Egypt, JMWI (2012) for Jordan, and
LMEW (2010) and LNSC (2012) for Lebanon. These data
were integrated from Aquastat (2016) in the case of
Egypt.
The analysis indicators
The analysis also used a number of technical and economic indicators, some of which were taken from other
sources and some of which were the authors own calculations. The principal indicators are defined below:
• Crop intensification ratio
Crop intensification ratio (CIR) is a measure of agricultural intensification and is defined as the ratio of
total cropped area (area that receives crops in a given
year, including multiple crops per year) to total cultivable land (arable land plus permanent crops, as defined by FAOSTAT (2015), whether actually cropped
or temporarily fallow). The CIR was calculated for the
three regions based on various data sources cited
case by case.
• Yield trend
Yield trend for a selection of crops considered the
most important by country and region is captured by
a graphical representation of the evolution of yields
over the last two decades. Data sources are FAOSTAT
(2015) for Egypt and Lebanon (national trends), and
DOS (2015) for Jordan, where data are available also
at the regional level.
• Yield gap
Yield gap is a technical indicator developed on the
basis of the FAO agro-ecological zones methodology
to indicate the level of technical efficiency for major
crops at the sub-national level. It is the ratio of actual
to potential yield (RAPY) calculated for the base year
2000. Actual yield is the observed yield of a crop at a
given time. Potential yield refers to the highest yield
that can be obtained if technically optimal practices were applied at the same point in time. It reflects
the highest possible limit for the yields of individual
crops under the given agro-climatic, soil and terrain
conditions combined with a specific level of agricultural inputs and management conditions. Mapping
is used to represent the RAPYs at the sub-national
level for the studied crops (IIASA/FAO, 2012).
• Crop water consumption
Water footprint (WFP) refers to the volume of freshwater used to produce a product, and it is composed
of three elements: blue (irrigation water), green

ISSN-Internet 2197-411x OLCL 862804632

UniKassel & VDW, Germany- December 2016

Future of Food: Journal on Food, Agriculture
and Society, 4 (3)

(rainwater) and grey water (polluted water, which
composes such a small share of agricultural water
use that we excluded it from our analysis for simplicity). The WFP data source is the Water Footprint Network (Hoekstra et al., 2009). The green and blue WFP
refers to consumption as a loss at the water catchment level, which happens when water evaporates,
returns to another catchment area or to the sea, or is
incorporated into a product (Hoekstra et al., 2009).
WFPs are available for all important crops at national
and regional levels and expressed in terms of cubic
meters of water consumption to produce one ton of
a crop. Therefore, to calculate the water consumption of the relevant crops, we multiplied crop output
at the relevant level by the crop WFP.
• Economic water productivity of crops
The economic water productivity (EWP) of a crop is
a measure of efficiency of the water resource use. In
our study, it is expressed as the produce value per
unit of water consumed. Therefore, we calculated it
by dividing the producer price (US dollar/kg) of the
relevant crop by the crop WFP (quantity of water
consumed to produce one kg of the relevant crop).
Data used in the calculations are taken from various
sources identified case by case in the proper contexts.
Analytical framework implementation
The analytical framework used in this paper combines
a biophysical characterization and socio-economic analysis using the aforementioned technical and economic
indicators. The analysis starts with a characterization of
the agricultural and water sectors in the studied zones
and assesses agricultural intensification with CIRs. Agricultural productivity is then evaluated by examining
yield trends and yield gaps for major crops. Water use
efficiency for major crops is examined through a combination of two indicators: EWP and water consumption. The analysis results are integrated with simulated
forecasts of the potential impacts of climate and hydrological changes on the green sectors as well as the
socio-economic drivers of economic change, including
population growth, urbanization, and other drivers. The
analysis offers an empirical test case for the “food-water-energy nexus” concept.

Case study: Egypt’s Delta (irrigated)
Outlook
a. Green sectors in Egypt and the Delta region
Agriculture plays a central role in the Egyptian economy, contributing about 15% of the GDP and employing
about 30% of the national workforce (WDI of the WB,
2015). It is based on highly intensive, irrigated cropping
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systems with multiple harvests per year, especially in the
Delta, where the CIR was 1.92:1 in 2013 (EMALR, 2014).
Surface water from the Nile River provides irrigation water for 83% of the total irrigated area, with the remaining
area relying on groundwater and mixed sources (Aquastat, 2016). Half of the cropped area is dedicated to
production of cereals, including primarily wheat, maize,
and rice. Cotton is the most important fibre crop. Rice,
cotton and various fruits and vegetables make up the
bulk of Egypt’s agricultural exports (FAOSTAT, 2015;
EMALR, 2014). Egypt also produces large amounts of
forage, with berseem clover (Trifolium alexandrinum)
being the major crop cultivated in the Delta. In addition, the fruit production area has expanded over the
last three decades to approach 8% of the total cropped
area and 14% of the total cultivable area, from which citrus makes up 40%. The former share is higher because
multiple fruit production cycles take place on the same
cultivable land in one year. Smallholders represent the
majority of Egypt’s farming sector, as average farm size
was 0.8 ha in 2000 (Lowder et al., 2014).
Livestock and fisheries are important in Egypt, making
up 37% and 7% of agricultural value, respectively, in
2010. The Delta region is relatively more important for
raising cattle and buffalo (45-55% of the national share)
compared to sheep and goats (30% of national share)
(EMALR, 2011). Livestock is mostly raised either by landless rural households or by small farms that integrate
livestock with berseem clover production (El-Nahrawy,
2011). Egyptian fish production expanded significantly
over the last two decades, with the share of aquaculture
in total fish output jumping from 17% in the 1980s to
about 75% in 2011-2013. Most fish production is located in the Delta, which accounted for more than 98% of
national aquaculture output in 2008. Fish farming takes
place in dedicated fishery farms and ponds as well as in
rice fields, with the latter contributing to only 3% of the
total aquaculture output in 2012 and activity limited to
the rice season (GAFRD, 2014; CAPMAS, 2015).
b. Water and irrigation
Water is the most critical resource, and its increasing
scarcity is likely to constrain Egypt’s capacity to expand
agro-food production. The annual per capita water share
(663 m3) is significantly less than the international benchmark (1000 m3) and is projected to descend further to
582 m3 by 2025 due to rapid population growth. Egypt
depends on the Nile for 90% of total national water supply, but also extracts large amounts of water from 6 aquifer systems throughout Egypt. Total water use exceeds
renewable water availability by 3.5% of total annual renewable water (CAPMAS, 2012). Irrigation water is distributed through an immense irrigation system. Surface
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Figure 1 : Trends in cereal crops yields in Egypt (Kg/Ha)
Source: author’s elaboration from FAOSTAT (2015)

Figure 2 : Ratio of actual to potential yields for irrigated cotton and wheat in Egypt and the
neighboring countries
Source: IIASA/FAO (2012)

irrigation is banned by law in the New Lands (newly reclaimed sandy soils), where farmers must use sprinkler or
drip irrigation systems. However, overuse of water at the
farm level is still a major problem especially in the Old
Lands (long-established agricultural areas), where 67%
of the area is still using surface irrigation, which causes
waterlogging, salinization, and decreased soil fertility
(Aquastat, 2016; Antipolis, 2011).
Climate change impacts: indicators of vulnerability and resilience
a. Crop yields and productivity
Egypt’s agricultural area in the Old Lands has been declining mainly due to urbanization (Alfiky et al., 2012).
On the other hand, New Lands have been brought under
cultivation by reclaiming the desert, despite the major
problem of poor soil fertility. Over one million ha of the
Old Lands are exposed to continuous soil fertility degradation due to salinization caused by extensive irrigation and poor drainage (ICARDA, 2011; EMALR, 2011).
Despite that, Egypt generally has high yields by regional
and international standards, especially for cereals, which
already reached a plateau in yields as shown in Figure
1. IIASA/FAO (2012) has found that Egypt is very close to
the highest attainable yields for many crops. As shown
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in Figure 2, the RAPY for wheat is 80%, and it is equally
high for most other crops. Where RAPY is relatively low, it
suggests that potential improvements are possible, as is
the case for cotton (Figure 2) as well as maize and some
vegetables. However, late planting caused by cropping
intensity seems to limit any possibility for improvements
in the short-run.
Data from FAOSTAT (2015) and CAPMAS (2015) indicate
that production and yields of livestock and fish have increased substantially over the last three decades, with
variations by production system. For livestock, extensive
and semi-intensive systems are still dominant and make
about 97% of the total cattle and buffalo (El-Nahrawy,
2011; EMALR, 2011), while semi-intensive systems dominant for fish farming, with yields of 4.5-20 ton/ha. Ricefish integration produces only about 3% of total fish output and it is considered extensive due to its seasonality,
with much lower but variant yields ranging from 20-50
kg/ha (Sadek, 2013) to 300-500 kg/ha (El-Sayed, 2007).
b. Water footprints and economic water productivity of major crops in Egypt and the Delta region
WFPs were calculated for the most important crops in
Egypt, except berseem clover due to lack of necessary
data. The calculations reveal that cotton is the most
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Figure 3 : Economic water productivity (US$/m3) and green and blue crop water consumption
(million m3/year) of main crops in Egypt, using average values for the years 2007-2011
Source: authors’ calculations based on data from FAOSTAT (2015) and Mekonnen and Hoekstra (2010)

water-consuming crop per unit of raw output. Among
cereals, barley has the highest WFP mainly due to lower
yields, while rice has the lowest WFP since much of the
applied water returns to the system for use elsewhere
downstream in the Nile valley. Vegetable and sugar beet
WFPs are the lowest, mainly due to high yield per unit
area.
In order to gain insight into efficiency of water allocation, we calculated the EWP for the most important
crops. These EWPs are then contrasted with total water
consumption by crop. The results are summarised in Figure 3, showing that, at the national level, crops consuming the most water exhibited the lowest EWPs, including
maize, cotton, sugar beet and rice. On the other hand,
vegetables, including leaf vegetables, peppers, watermelons, squash, tomatoes, melons and potatoes, had
the highest EWPs.
c. Vulnerability of Egypt and the Delta’s green sectors to climate change
Vulnerability to climate change is the result of the interaction between the Delta’s green sector and other
drivers, such as population pressure, economic development, urbanization trends, and market opportunities.
This interaction poses complex management problems
for land and water resources, making climate change
vulnerability better assessed in light of overall risks to
the country.
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Climate change may affect Egypt’s agricultural production in different ways. Higher temperatures will directly
affect yields of various crops, causing a decrease by 1030% for crops like wheat, rice, maize, barley, sunflowers,
and soybeans. However, impacts on potato and cotton
yields are generally positive, especially if grown in the
main seasons, with expected increases ranging from
15-40% (Abou-Hadid, 2006; Medany, 2006; El-Ramady
et al., 2013). In addition, higher temperatures will likely
affect crops indirectly by increasing demand for water.
The ESNC (2010) cited several studies that projected 5
to 13% increases in irrigation needs for Egyptian crops.
Moreover, projected climate change would cause shifts
in agro-climatic zones in Egypt, with implications for
crop suitability and pests and diseases. These impacts
are still under consideration, but Fahim and Abou-Hadid
(2011) report that the incidence of late blight, the most
damaging disease causing yield losses for tomatoes, has
increased in the last three decades, probably due to climate change.
Information on the impact of climate change on livestock and fisheries in Egypt is limited, but the ESNC
(2010) notes that bluetongue and Rift Valley fever have
recently emerged in Egypt, and this may be related to
climate factors (Taqi, 2012). Decreased fodder production (e.g. berseem clover) would be another challenge
for livestock (ESNC, 2010). Climate change may also have
heavy impacts on coastal resources through sea level
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rise (SLR), already occurring in the Nile delta mainly due
to factors such as coastal subduction and reduced sediment loads (Smith et al., 2013). This may lead to the loss
of most productive agricultural lands along the Mediterranean coast, with negative consequences on fish production since one third of Egypt’s fish catches take place
in the Mediterranean lagoons (El-Ramady et al., 2013;
Sušnik et al., 2014).

ing should be further encouraged among rice farmers,
and intensification of fish production should be considered. For coastal areas, adaptation measures may include creation of wetlands in low-lying lands, supportive
protection structures (including dams), and natural sand
defense systems. However, an integrated coastal management approach is necessary due to the cross-sectoral
characteristics of the SLR impacts.

Therefore, given that other drivers (e.g. high population
growth and slow economic growth) are limiting Egypt’s
adaptive capacity, the overall vulnerability of Egypt’s agriculture to climate change is high. Population density
poses great challenges to achieving self-sufficiency in
staple crops, despite distinctly high crop productivity.
This has resulted in heavy dependence on imports for
staple foodstuffs, which makes Egypt vulnerable to external shocks. Government plans to increase self-sufficiency in food staples, aiming for about 90% compared
to the current level of around 60% (ESAD, 2009), do not
seem feasible, as they rely on a combination of increased
productivity and expanding cultivated lands, both of
which are threatened by climate change and limited water availability. In addition, serious land fragmentation
would further reduce the adaptive capacity of the green
sectors, as average farm size is further decreasing due
to population growth and low urbanization. Egypt’s rural population makes up 57% of the total, with high and
equal annual population growth (1.7%) for both rural
and urban areas (WDI of the WB, 2015).

b. Adaptation measures for water
Options for improving the water supply in Egypt include
recycling wastewater and desalination. There is great
potential for wastewater reuse, which requires public
attention to proper investments and could involve the
private sector. Desalination in the short-run can be utilized for brackish groundwater, since it is much cheaper
than desalinating seawater and in many cases can be
economically viable for salt-tolerant cropping. Seawater desalination might remain a long-run option when
cost-effective technologies become attainable. Therefore, harnessing renewable energy is very much needed
to ensure both energy security and affordable options
for water treatment and desalinization plants.

Adaptation measures for Egypt’s Delta
a. Technical and farm level adaptations for Egypt’s Green
sectors
As cereal yields in Egypt have reached a plateau, yield
enhancing investments through research into new cropping schedules, adapted varieties and improved irrigation techniques could slow the negative yield trends aggravated by climate change, but are unlikely to reverse
them. For many crops, the potential to increase yields
depends on the type of crop rotation. Given the intensive cropping in Egypt’s Delta, yield per ha is not a sufficient measure of economic performance. Consequently,
yield-enhancing practices advocated by agricultural research (including planting dates) must be tailored to the
recommended type of rotation. Climate adaptation also
requires researching and testing alternative crops for
agro-climatic suitability under future climate scenarios,
for which sub-tropical crops currently grown in smallscale production could be first examples. Adaptation
options for livestock entail improving the current low
productivity of cattle in general and buffalo in particular,
in addition to improving the suitability of feeding programs to warmer conditions. Integrated rice-fish farm-
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Egypt’s adoption of integrated water resource management (IWRM) since 2005 is an important pillar to direct
institutional adaptation for the water sector, but there
is still a significant opportunity to improve irrigation efficiency since only a third of irrigated areas apply modern irrigation techniques (drip and sprinkler schemes).
The EWP should be a key determining factor guiding
the promotion of water saving techniques and the reallocation of water to higher value crops through public
efforts to foster market opportunities. A key measure to
regulate demand is through water pricing, which should
be regarded as a complementary measure within IWRM,
as it can only work alongside strong complementary
measures including collaboration with stakeholders (e.g.
water user associations) to ensure farmers’ participation.
A complementary measure to water pricing could be the
application of quotas, with minimum quantities allocated to farmers free of charge.
c. Adaptation measures through trade
Trade already plays an important role in Egypt’s food
security strategy due to heavy reliance on imports for
staple foods, while exporting mainly fruits and vegetables. Considering that climate change may affect Egypt’s
comparative advantages through changing crop suitability, a reconsideration of the role of trade would be
essential in the adaptation strategy. We have seen that
the bulk of water is consumed by crops with the lowest
EWPs, giving a rationale for reallocating water to higher
value crops, but also raising the concept of the virtual
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water trade (VWT), since water is the most scarce resource of the country (Mekonnen & Hoekstra, 2011). The
risks associated with VWT should be evaluated and minimized, including political risks due to overdependence
on a few export countries, macro-instability caused by
burdening foreign reserves, and adverse effects on local
production and farm incomes. Moreover, water shortages are often due to poor management or inefficient
allocation, so that relying on VWT should be preceded
and accompanied by the other economic and technical
measures, while emphasizing the complementary role
of VWT within a broader water management strategy.

water basins, in addition to treated wastewater, which
currently accounts for more than 10% of total water
supply. A significant share of the country’s water (27%)
originates externally, making Jordan adversely affected
by unilateral water development projects by neighboring countries (Syria and Israel). Agriculture relies almost
exclusively on irrigation in the Jordan Valley, while 99%
of the rainfed cropped area is in the Highlands, including Karak. Over-extraction of groundwater by farmers
is a common practice, despite high irrigation efficiency
since modern irrigation schemes cover 88% of national
irrigated area and 100% of irrigated area in Karak.

Case study: Jordan’s Highland (Karak, rainfed)

Jordan applies water tariffs to encourage farmers to
adopt water conservation practices. These are prorated
on the basis of water consumption. Trade liberalization,
especially for imports, is also considered an attempt to
push farmers to move into crops offering high returns
per unit of water. In the Highlands, private farmers require licensed permits to extract groundwater and water
use is monitored via metering.

Outlook
a. The green sectors in Jordan and Karak
Jordan’s agricultural sector is small relative to the national economy, contributing only 3% of the GDP and
employing only 2% of the national workforce (WDI of
the WB, 2015). Agriculture is concentrated in two of the
three agro-ecological zones of the Country: the Jordan Valley and the Highlands, while the Eastern Desert
is relatively lacking in agriculture. The Jordan Valley is
specialised in fruit and vegetable production, while the
Highlands grow mostly cereals and olives, and to a lesser extent vegetables (mostly tomatoes). The cropping
mixes in Jordan are not diversified, reflecting the sector’s
small size and the country’s prevalent dry agro-climatic
conditions (Al-Jaloudy, 2006).
In Karak, located in the Highlands, the cropping mixes
are very simple, with only four crops (barley, wheat, olives and tomatoes) occupying 85% of the cropped area,
while 20-50% of agricultural land is left fallow every
year (DOS, 2015). Thus, the CIR is relatively low (certainly
lower than the national CIR, which is equal to 0.79:1). In
Karak, wheat, barley and olives are mostly rainfed crops,
and their yields vary considerably from year to year due
to rainfall variation. Vegetables are mostly irrigated from
deep wells with the use of drip irrigation networks. Livestock production is important on the national level, but
has much less relevance for Karak. Livestock animals are
mostly sheep and cows, which are usually raised in specialized farms with little integration with crop production (Al-Jaloudy, 2006).
b. Water and irrigation in Jordan and Karak
Jordan has very limited water resources. Per capita share
of annual renewable fresh water resources was less than
125 m3 in 2013 and is projected to fall to 90 m3 in 2025
due to population growth alone, without accounting for
climate change (Al-Ansari et al., 2014; JMWI 2012). Water in Jordan is supplied from 16 surface and 12 ground					
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Indicators of vulnerability and resilience in Karak
a. Crop yields and productivity
The evolution of yields in Karak shows different patterns by crop, but they resemble the national trends for
the region’s important crops. While those of wheat and
barley are declining, those of vegetables and olives still
show a climbing trend despite yearly fluctuations (Figure 4). Fluctuations from year to year might be attributed to rainfall variations. The IIASA/FAO’s estimation
of the RAPY for rainfed wheat in Jordan stood at about
50% in 2000, pointing to possible improvements, but actual yields have declined since, suggesting a change in
crop suitability due to climate change and possibly the
occurrence of maladaptation. This, however, should be
well-studied before prescribing adaptation measures for
cereals.
Karak’s olive yields fluctuate more than national yields,
as the latter is usually smoothed by averaging. While
the positive trend for tomatoes is explained by the implementation of irrigation, which enables the use of improved varieties, supplemental irrigation is sometimes
used by olive farmers in Karak when available from private tube wells, or through rainwater harvesting techniques (Oweis & Hachum, 2009). The RAPY for both rainfed and irrigated olives are shown in Figure 6, which also
gives useful information on the distribution of irrigated
olive orchards in Jordan. While rainfed olive orchards are
concentrated in the Highlands, where there is relatively
high average rainfall (more than 250 mm per year), irrigated orchards are spread across wider areas to the east
and south, where average rainfall does not exceed 100
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Figure 4 : Trends in yields for most important crops in Karak compared to their national
counterparts
Source: authors’ elaboration from DOS (2015)

Figure 5 : Ratio of actual to potential yields for rainfed wheat in Jordan and neighboring
countries
Source: IIASA/FAO (2012)

mm per year.
Cereal crops in Karak show high WFPs per ton of output due to low yields. Most of the barley WFP is green
(heavy reliance on rainfall), while half of the wheat WFP
is blue (stronger reliance on supplemental irrigation). Olives rank third, while vegetables have the lowest WFPs
for both green and blue water. The four crops (barley,
wheat, olives and tomatoes) occupying 85% of cropped
area consume 95% of blue water. These same crops have
the lowest EWPs for blue water while other vegetables
(squash, cucumber, lettuce, melons, and cauliflower)
have the highest EWP for blue water (Figure 7).
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c. Vulnerability to climate change in Karak
Due to the dominance of rainfed agriculture within Karak, climate change will have substantial impacts on crop
production, with a higher probability of crop failure.
Wheat and barley are prone to further yield reductions
as warmer temperatures tend to reduce the necessary
time for dry matter assimilation.
It is reported that a 1°C increase in temperature and 10%
reduction in precipitation will decrease yield by 7% for
wheat and 18% for barley. By comparison, a 2°C increase
in temperature and 20% reduction in precipitation will
decrease yield by 21% for wheat and 35% for barley (AlBakri et al., 2010). Olive production is also anticipated to
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Figure 6 : Ratio of actual to potential yields for rainfed and irrigated olives in Jordan and neighboring countries
Source: IIASA/FAO (2012)

Figure 7 : Economic water productivity (US$/m3) and green and blue water consumption (Million m3/
year) of main crops in Karak using average values for the years 2007-2011
Source: authors’ calculations from DOS (2015) and Mekonnen and Hoekstra (2010)

experience a decline in yields by 5% due to a 10% drop
in precipitation, coupled with a 1°C increase in temperature, while the decline in yields will be 10% if the increase in temperature is 2°C (Al-Bakri et al., 2013). The
lack of water resources, already exploited at unsustainable rates, will reduce the adaptive capacity of farmers.
Irrigated vegetable yields will be less affected, but their
extent may decrease due to increased crop water requirements.
Consequently, farmers’ incomes will be adversely effected, especially for poor smallholders, whose adaptive capacity will be further reduced due to the ongoing land
fragmentation caused by population growth. The reliance of farmers on a limited number of crops will increase
their vulnerability in the case of crop failures, which may
become more frequent due to climate change. Although
no specific studies have been conducted on the impacts
of climate change on livestock, the JTNC (2014) reports
that rising temperatures, coupled with reduced rainfall,
increased frequency of extreme weather events and
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shorter winter crop length will have a negative impact
on livestock productivity and will expose the country to
further desertification.
Adaptation measures for the green sectors in Karak,
Jordan
Current yields of wheat and olive are far below the maximum attainable yields, and thus improvements should
be investigated. In the case of cereals, changing climate
suitability and the occurrence of maladaptation should
be investigated to explain the declining trends despite
low RAPY for wheat. If so, the yield trends may be reversed by using more adapted varieties. Further on-farm
crop diversification is still possible in Karak. EWP is one
important criterion to guide crop diversification by expanding minor crops with high EWPs. This should be
supported by public efforts in market development to
ensure successful adoption by farmers, while reconfiguring subsidies (credit, energy use, water pumping) in light
of water scarcity. The potential for improving physical irrigation efficiency is limited in Karak due to 100% imple-
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Figure 8 : Trends in yields of barley, wheat (A) and olive (B) yields in Lebanon (Kg/Ha)
Source: authors’ elaboration from FAOSTAT (2015)

mentation of drip irrigation, and any further savings cannot erase the current deficit. Rainwater harvesting has a
good potential for increasing water supply due to terrain
suitability that can help collect the dispersed rain for use
as supplemental irrigation at the farm level. Floodwater
harvesting at the macro-catchment scale can also collect
considerable amounts of water in small dams to be used
by surrounding farms.
Water pricing is a necessary instrument to manage
groundwater extraction for agriculture in the Highlands,
but to be effective it has to overcome the lack of significant technological improvements, which are costly for
many farmers. Moreover, due to an already high irrigation efficiency, farmers are less responsive to any imposed block tariff, so water pricing should create a shift
towards high value crops that raise EWP in order to be
effective. The risk remains that poor farmers may not
adapt without public support in removing market obstacles, pointing to the necessity of an integrated value
chain approach for water management if tangible water
savings are to be reached while enhancing farmers’ incomes.
In the long-run, a decrease in water supply is inevitable
as all basins of the country already experience water deficits. Wastewater treatment remains an important option
and it should be expanded. However, in light of population growth, desalination seems to be the only solution
to bridge the gap between growing water demand and
dwindling supply. This will depend on Jordan’s ability to
deploy solar energy at effective costs. In the short run,
desalinization can focus on the brackish groundwater which is much cheaper than seawater desalination.
Jordan should also make political efforts to increase its
share of water from the basins shared with neighboring
countries, such as the Disi aquifer shared with Saudi Arabia. Given the small amount of agriculture nationally, the
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concept of VWT may work better in the Jordanian context since Jordan cannot achieve any tangible level of
food self-sufficiency and should rely on trade and other
mechanisms (such as storage) for national food security.
It may be suitable that water resources should be allocated to economic activities with higher values inside
and outside agriculture.
Case study: Lebanon’s Orontes basin (mixed: rainfed-irrigated)
Outlook
a. Agriculture in Lebanon and the Orontes basin
Lebanon is a highly urbanized country with a small agricultural sector that suffers from under-investment and
lack of interest from investors and the young workforce.
Agriculture contributed to only 4-7% of GDP over the
last decade, and employed 6% of the labor force despite
the favorable agro-ecological conditions (WDI of the
WB, 2015). Even with the country’s small size, cropping
patterns are diversified with a tendency for crop specialization across regions due to agro-climatic diversity. The
Orontes river basin (ORB) is located in the Bekaa Valley,
which includes 43% of the national cropland, while the
share of ORB (almost identical to the governorate of
Baalbak-Hermel) is 25% of the national cropland.
In the ORB, cropland is distributed among 25.6 thousand
landholders, with an average farm size of 2.75 ha, almost
double the national average. The ORB zone specializes
in cereals, potatoes, grapes, stone fruits, olives and leaf
vegetables. Livestock is an important subsector in Lebanon, comprising about 30% of the agricultural production value. It is largely based on cattle, sheep and goats,
with the latter two being relatively more important in
the ORB compared to cows (LMA, 2012). National domestic fishery resources come from fish capture (90%)
and aquaculture production (10%), with the latter con-
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Figure 9 : Ratio of actual to potential yields for olive and wheat in Lebanon and neighboring
countries
Source: IIASA/FAO (2012)

centrated mostly in the ORB, where it has become commercially attractive and has grown quickly over the last
decade (Bachour et al., 2011).
b. Water and irrigation in Lebanon and the ORB
Lebanon has better water resources compared to other MENA countries, with renewable available water per
capita at 926 m3/year in 2009. The country will likely
face considerable challenges to meet growing water
demand, since unsustainable irrigation practices with
shortcomings in water management and governance
are still prevalent, creating water deficits in most basins. The national deficit was 96 million m3 in 2010, from
which the share of the Bekaa Valley amounted to 84
million m3 (LMEW, 2010). In the ORB, the irrigated area
accounts for 45% of total cropland, of which 48% uses
intensive irrigation (for summer crops) while the remainder relies only on supplemental irrigation (for winter and
perennial crops). Surface irrigation is still dominant and
used in 43% of irrigated land in ORB. Sprinkler and drip
irrigation schemes are more commonly used when irrigation draws on groundwater due to technical requisites
(e.g. pressure and water quality) that are difficult to meet
with surface water in Lebanon (LNSC, 2012).
Climate change impacts: indicators of vulnerability and resilience in the Orontes basin
a. Cropping intensity and agricultural productivity in Lebanon and the ORB
In 2010, the total cropped surface slightly exceeded
the total cultivated land, resulting in a CIR of almost 1:1,
though it is slightly higher in the ORB. This low ratio,
compared to the country’s potential, can be explained
by low investments in agriculture that led in many cases
to the abandonment of farming. Crop yield trends are
upward for cereals and olives despite annual fluctuations (Figure 8), with potential for further improvement
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since RAPYs stand at only 50% for both wheat and olives
(Figure 9). Upward trends are also observed for vegetables, especially tomatoes, potatoes and eggplants. In
contrast, fruits yields have declined by more than 20%
over the last two decades (FAOSTAT, 2015). Despite that,
Lebanon still has high yields for most fruits and vegetables compared to other Mediterranean countries. Some
sources state that Lebanon’s technical effi¬ciency in fruit
and vegetable production is the highest among Arab
countries and the second highest in the Mediterranean region, after France. This is due to higher reliance on
modern technologies, such as modern irrigation and
high yielding varieties, as well as trade openness (measured by imports of agricultural equipment) and high human capital levels (Hassine & Kandil, 2009).
Aquaculture productivity is also reported to be high in
ORB according to LMA’s (2012) survey, which revealed
that 40% of farms used intensive production methods in
2013, of which almost half are small farms. Semi-intensive farms account for about 35% of systems, with the remaining 25% classified as extensive with lower productivity. The average yield is reported to be 26 kg/m2, but
actual yield differs by production system and generally
ranges from 20-50 kg/m2.
b. Water footprints and economic water productivity of
crops in the ORB
The WFP calculations show that vegetables have the
lowest WFPs, while olives have the highest. In terms of
total water consumed, fruits and cereals consume more
than vegetables. However, it must be noted that barley
and wheat consume very small amounts of blue water,
reflecting their high reliance on rainfall. The EWPs show
an inverse relation with crop water consumption, as in
the case of Egypt and Jordan. Therefore, vegetables in
the ORB make better use of irrigation water than tree
crops, including olives (Figure 10).
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Figure 10 : Economic water productivity (US$/m3) and green and blue crop water consumption
(million m3 per year) of main crops in the Orontes basin using average values for the years 20072011
Source: authors’ calculations from FAOSTAT (2015), agricultural census (LMA, 2012) and Mekonnen and Hoekstra (2010)

c. Vulnerability to climate change in Lebanon and the
Orontes Basin
Climate change will manifest itself with rising temperatures, leading to increased crop water requirements,
while precipitation will decrease. The impacts on yields
will differ by crop, with the highest impacts on potatoes, stone fruits, and apples, and lowest effects on olives, while the impacts on wheat, grapes and tomatoes
will be moderate (LSNC, 2011). The impacts of climate
change on crop and livestock production will be felt
more in the Baalbak-Hermel and Bekaa governorates
than elsewhere in the country, as reduced rainfall will
negatively affect wheat and barley (mostly rainfed),
while fruits and summer crops are likely to experience
water stress (Verner et al., 2013). Reduced water availability and water stores that are already exploited at unsustainable rates will reduce farmers’ adaptive capacity,
while a possible increase in irrigation demand of up to
6% is projected in the Bekaa Valley by the 2020s (BouZeid & El-Fadel, 2002).
However, when averaged across Lebanon, climate
change impacts on renewable water resources are modest in comparison to the projected impacts of population and economic growth by 2025 (Verner et al., 2013).
This partially makes Lebanon’s overall vulnerability to
climate change moderate, as the country is currently
more challenged by resource management problems
than absolute water scarcity. Relatively low population
growth compared to other MENA countries (0.96% in
Lebanon compared to 1.7% and 2.2% in Egypt and Jordan, respectively) implies that the pressure on water is
less strenuous at least in the near future, allowing time
to respond with proper adaptation measures. The relatively high income level, coupled with a long reliance on
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market forces, have helped Lebanon to develop more
resilient farming systems manifested by high crop diversity and high productivity in some areas, notably fruits
and vegetables.
Adaptation measures for Lebanon’s ORB’s green sectors
Increased resilience to climate change can be achieved
through farm income diversification, which is already
practiced by utilizing a large variety of crops and cultivars. Most farmers do not rely exclusively on agriculture as their primary source of livelihood, but sustain it
through other activities even where agriculture is the
major income source. The relatively better-off situation
of most Lebanese farmers strengthens their adaptive
capacity and puts them in a position to adopt new technologies. A number of technical options that Lebanese
farmers, especially in the ORB, can consider and the Government could support are: changing planting dates,
adopting drought and heat tolerant crops and varieties,
and replacing stone fruits, whose yields are declining,
with apples, grapes and olives. These options should be
guided by the EWP and can be enhanced by adopting
sustainable agricultural practices such as conservation
agriculture and organic farming, as Lebanon’s long experience with open trade may enable farmers to take
full advantage of such quality products. For aquaculture,
there is great potential for intensification, and efforts
should be made to further develop the fish value chain
and strengthen the integration of fish farming with other growth sectors such as tourism (already a leading sector in Lebanon). This can be achieved by supporting fish
farmers’ organizations to strengthen their managerial,
business and marketing skills.
As Lebanon faces moderate water scarcity, it should
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focus on management issues. Options for demand
management in agriculture include modern irrigation
techniques to cover the remaining 45% of cropland still
irrigated by surface methods. Irrigation scheduling and
reallocation of irrigation water to higher value crops are
also viable options. In addition, Lebanon’s rainfall may
permit small-scale water mobilization through rainwater-harvesting techniques that can help increase and
stabilize yields of rainfed crops such as wheat and barley.
The current uniform, area-based tariffs provide no economic incentive for water saving or improved EWP and
should be replaced to ensure that farmers’ decisions take
water scarcity into account, but at the same time ensure
that new measures are enforceable. One option is to implement progressive, area-based tariffs differentiated by
crops according to irrigation requirements. However, for
the long term, volumetric tariffs, as in the case of Jordan,
are desirable.

Conclusions
This paper presents a socio-economic vulnerability analysis for green sectors facing water scarcity and climate
change in three MENA regions: the Delta zone of Egypt
(intensive, irrigated systems), Karak, Jordan (rainfed
cropping systems) and the Orontes basin in Lebanon
(mixed rainfed and irrigated cropping systems). Major results show that Egypt and Jordan exhibit higher vulnerability than Lebanon due to unfavourable initial endowments of resources, which limit their adaptive capacities.
Moreover, Lebanon’s vulnerability is also moderated by
lower population growth and less reliance on agriculture. Groundwater deficit and per capita water share are
reaching alarming levels in Jordan, and becoming serious problems in Egypt too. In the latter case, extreme
land fragmentation and encroaching urbanization substantially reduce the country’s adaptive capacity, while
climate-induced rising sea level aggravates soil salinity
due to seawater intrusion, which is already a problem
due to unsustainable farm level practices.
Proposed adaptation solutions range from measures to
improve technical efficiency to those that encourage
economically efficient resource allocation and alternative crop choices, induced by policy incentives as well
as market instruments. For all cases, the development
of market opportunities is emphasized to make the proposed measures attractive to farmers. Results show low
potential for further yield improvement in Egypt (where
yields are already high) and high potential in Jordan and
Lebanon. The results also show that reallocation of land
to new crops, if combined with stimulated demand, has
further adaptation potential in Karak, Jordan, where the
top four crops that consume 95% of blue (irrigated) wa					
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ter also exhibit the lowest economic values per unit of
water. Significant improvement in water supply in Jordan and Egypt requires harnessing affordable renewable energy for seawater desalinization, while Lebanon
has the possibility to expand rainwater reservoirs. On
the demand side, market-based tools to optimize water
use must be combined with regulatory and institutional measures for maximum effectiveness, especially in
Egypt and Lebanon, while Jordan, the most water deficient country, has already made substantial advances in
water efficiency practices.
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The demands of mitigation and adaptation policies are important to understanding a country’s
climate change preparation by providing microfinance in the agricultural sector. This could be
seen as a strategy to fight against the challenges of future food security. In 2014, Indonesia established climate change adaptation policies. This legislation aims to pave the way for making
actions on climate change adaptation mainstream in national and local development planning.
Public and private finance have supported the implementation of the climate actions. However,
most funding is still used for mitigation. Adaptation finance needs support, especially in agriculture. This research paper studies opportunities for microfinance to play a role together with
existing resources in supporting climate change adaptation in Indonesia. The data was acquired
and analysed through a literature review, analysis of case studies and interviews with stakeholders in the climate change-related financial sector. The central findings regarding the opportunity
for microfinance to contribute to the existing schemes in Indonesian climate change adaptation finance for agriculture are worthy of the result. This study found that adaptation finance is
mostly used for indirect activities. Meanwhile, local communities, and farmers in particular, need
directly targeted measures to adapt to climate change. An alternative approach is providing microfinance, insurance and capacity development for farmers to produce high quality agricultural products. This would contribute to optimizing the agri-food value chain, which supports
socio-economic development of stakeholders, especially farmers. Hence, microfinance appears
to be one potential solution to support direct climate change adaptation actions for the agricultural sector. However, this may not be strong enough to finance the entire needs for agricultural
climate actions. Adaptation is contextual, so it has to be grounded in the needs of local communities. Microfinance needs public sectors support as well as other resources from the private
sector. In the case of rapid response to disasters, which often destroy the agricultural sector,
microfinance should be advantageous in supporting adaptation. However, in reality, it does not
work, as it is prevented by regulations. So, this can be an area the public sector can support as a
risk-taker as well as by providing initial funds and resources for scaling up efforts.

Introduction
Bappenas (the Indonesian Development Planning Agency) has established policies on climate change mitigation
(RAN-GRK) and adaptation (RAN-API) in 2010 and 2014,
respectively. The policy documents provide strategic
responses and routes to smart climate development in

Indonesia. They also aim to provide a direction for making climate change mitigation and adaptation actions
mainstream in the sectoral and cross-sectoral national development planning processes in the short-term
(2013-2014), medium-term (2015-2019) with the RPJMN
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Figure 1 : Indonesia Climate Finance (Adaptation and Agriculture are highlighted)
Source: Hammill, A., Matthew, R., & McCarter, E. (2008) (Reprinted by permission with authors’ remarks on the figure )

(Medium-term National Development Planning) and
long-term (2020-2025) with the RPJP (Long-term National Development Planning) (Bappenas, 2014). The policy
documents need to be converted into action plans, and
the actions have to be financed.
In November 2015, the result of the Conference of Parties (COP) 21 in Paris approved the allocation of equal
budget towards mitigation and adaptation in Indonesia
(UNFCCC, 2015). Bappenas has been working with local
governments and several development agency partners
in transforming the national action plan into local action
plans in pilot provinces. However, the progress has been
slow because they found it difficult to identify mitigation
and adaptation needs. Also, because of international
pressures, Indonesia has put more effort into achieving
the mitigation target for deforestation and forest fires
(Utami et al., 2015) rather than on adaptation.
In order to finance adaptation activities, especially in agriculture, microfinance from private sectors could be one
potential resource. The Indonesian government already
put a large amount of funds into its national budget to
subsidize the microfinance sector. This research paper
aims to study the opportunities for microfinance, together with other resources, to play a role in supporting
climate change adaptation activities for the agricultural
sector in Indonesia. Mitigation and adaptation strategies
in this paper refer to climate change action and policy.
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Background
Indonesian agricultural climate finance
Indonesia expects to reduce climate risk while driving its
economic growth. The government created sweeping
policy reforms by introducing new targets of reducing
greenhouse gas emissions, which was announced at
the COP21 2015 in Paris. The new policy is targeting a
reduction of 29% on business as usual levels by 2030, or
a 41% reduction with international support (Damassa et
al., 2015). Climate actions in Indonesia has been made
mainstream in government development priority sectors, which are maritime development, energy security
and food security.
Most financial resources for the climate actions come
from public sectors and are used for large-scale mitigation actions. 8,377 billion Indonesian Rupiah (IDR),
or 951 million US dollars (USD), was released by Indonesian climate finance from public sources in 2011. The
expenditure in 2011 (Figure 1) falls below the Indonesian government’s estimates of annual finance required
to meet emission reduction targets by 2020. However,
public finance from domestic and international sources
are projected to increase in the near future due to implementation progress on the RAN-GRK and the RAN-API
(Climate Policy Initiative, 2015).
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Indonesia’s climate finance landscape is dominated by
national public resources, representing 66% of total investments. Using budget transfer instruments, the Indonesian Government disbursed IDR 5,526 billion (USD
627 million) for climate finance. About 75% of domestic
climate finance was utilised for “indirect” activities, such
as policy development, research and development, establishment of measuring, reporting and verification
systems, and other enabling environments. These activities are laying the foundation for “direct” activities
to boost and scale-up effective finance allocation in the
future (MoF, 2012). The Government of Indonesia focuses on indirect activities as its role in developing and
implementing policies and frameworks to attract direct
investments, which will help with the process of making
climate action mainstream. The RAN-GRK was established in late 2011, which is one of the reasons for high
expenditure on indirect activities. In the medium-term,
mitigation spending is expected to decline (Tanzler &
Maulidia, 2013). Regarding adaptation, direct finance
went mostly to disaster risk management. It is estimated
that only about 1% of the climate finance was spent on
agriculture, and it is an even smaller percentage when
divided into adaptation coming from private actors versus state-owned enterprises.
The identified contribution from the private sector is
made from the central government’s investments, mostly through the purchase of shares in state-owned enterprises (Climate Policy Initiative, 2015). However it still all
went towards mitigation. There are also other potential
resources of public finance that can be utilized by Indonesia. There are two large potential international trust
funds which have not yet provided funds to Indonesia
optimally, namely the Adaptation Fund (AF) and the
Green Climate Fund (GCF). Indonesia also has the Indonesian Climate Change Trust Fund (ICCTF) to access
wider development partners and investor communities,
leading to a more pronounced participation from the
private sector (ICCTF, n.d.,).
The AF and the GCF are multilateral funds under the United Nations Framework Convention on Climate Change
(UNFCCC). The AF has been financing a number of adaptation programmes in vulnerable developing countries
(Adaptation Fund, 2015a). Meanwhile, the GCF has been
supporting adaptation activities related to technology
development and transfer, and capacity building (GCF,
2015). Since Indonesia has no accredited national implementing entity under the GCF, Indonesia needs multilateral implementing agencies, such as the United Nations
Development Programme (UNDP), World Bank and ADB
(Asian Development Bank), to access the fund. The AF
can finance long-term projects which require more than
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1 million USD, but it has to follow international fiduciary
and safeguard standards (Adaptation Fund, 2015b, para.
3). As with the AF, the GCF’s funding can reach 31 million
USD. GCF project development involves three key stages: (i) GCF project identification, (ii) Concept Note development and (iii) Funding Proposal elaboration. For more
information about the GCF project development, please
refer to GCF (2015).
Meanwhile, there are still many small-scale agricultural
projects, especially in the adaptation sector, which lack
financial resources. These projects are actually significant in terms of enhancing the food security of the community. Supported projects from the public sector funds
are slow to be established. For example, GCF and AF take
more than one year to deliver funds to the implementing agencies (AECOM, IGES, 2015). Adaptation projects
from the view point of disaster relief, such as following
crop failure, need significant media coverage to be supported by the government. In contrast, the project from
Mercy Corps catalysed attention, funding and action
at the city and national government level to build the
resilience of farmers and vulnerable agriculture (Mercy
Corps, n.d.). Compared to these public sector approaches, microfinance can provide finance quickly when the
farmers need help, without a long bureaucratic procedure or general public attention covered by news media.
Contributing microfinance services to climate change adaptation
The process of making climate change adaptation mainstream could switch any new, additional funds to general development programmes. This limits the opportunity
to evaluate the programmes quantitatively, particularly
regarding their benefits with respect to climate change
(Klein et al., 2008). Microfinance allows different opportunities to be easily evaluated specifically.
In the framework of livelihoods, people, including farmers, control various types of assets – human, social, financial, physical and natural – to perform strategies
in the pursuit of expected outcomes (Scoones, 1998;
DFID, 1999). Microfinance services (MFS) can enhance
livelihood assets in three ways: direct income effects,
indirect income effects (i.e. education and training) and
non-pecuniary effects (i.e. stronger social networks and
increased confidence) (Galab et al., 2006; de Aghion &
Morduch, as cited in Swain & Floro, 2007). In the context
of climate change adaptation in agriculture, the following MFS attributes can enable farmers to accumulate assets:
• Microcredit focuses on lending funds to poor
people, including farmers, so they can increase their
adaptive capacities for income production, includ-
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ing job creation, enterprise growth and increased
crop production. Microcredit helps to build and diversify farmers’ assets. Returns can be either saved,
consumed or reinvested. Microcredit providers also
offer loans for other purposes, such as emergency
relief, education, and home improvement. It contributes to reducing vulnerability.
• Microinsurance provides protection against specific perils such as injury, death and natural hazards
for farmers, in exchange for regular premium payments (Churchill, 2006). Thus, it protects assets and
gives farmers the courage to gain a profit (Morduch,
2006). Microinsurance can also use weather-index
based payments, which is a more suitable concept
for agriculture.
• Microsavings aims to be the safe storage of
money for farmers. The small balance deposits allow
farmers to access lump sums to fulfil predictable and
unpredictable needs. It can also be used for insurance, investment and yielding more assets.

Development of microfinance system
Hulme and Mosley (1996) found that only non-poor borrowers whose incomes are above the poverty line enjoy
positive impacts from microfinance, while poor households do not. In fact, they even had less income after receiving micro-loans. Daley-Harris, Director of the Microcredit Summit Campaign, admitted that microfinance is
not the single solution to global poverty. A holistic approach of targeted interventions is needed to create an
effective tool for the very poor (2007, p. 1). Yunus (2003,
p. 171) emphasizes that micro-credit can reduce poverty
when it is combined with other programs that increase
people’s capacity. The agricultural sector, especially food
production, is a potential area that could be unleashed
by these programs. The government should develop an
inclusive financial sector integrated with poverty reduction efforts (Chowdhury, 2009).
Microfinance can be an alternative tool for empowering
people, including farmers. However, complex socioeconomic factors need to be taken into account when implementing microfinance. This is related with the fundamental principle of microfinance as a tool to support
the sustainability of the livelihoods of local people. A
case study in Andhra Pradesh, India, suggested that the
standards of for-profit businesses have to be applied
in evaluating the microfinance industry. This includes
measuring the success of a program, investigating potential corruption, and assessing impact on the target
groups (Levin, 2012). Lack of attention to these factors
can cause failure of the microfinance programs.
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Cultural differences have to be considered in a geographical context. It is still debatable whether MFIs
should use international standards or self-governance.
This discourse affects implementation techniques of
microfinance to balance profit with social justice. Levin
(2012) argues that the microfinance industry cannot be
standardized due to the contextual differences related
to culture and geography. He believes that MFIs should
be free to practice autonomously and gain independence, in order to bring about the success of each project.
Nevertheless, it also means that the institutions have to
work very carefully to keep the trust of the community.
Additionally, MFIs have to protect their institutions from
potential moral hazards of borrowers by introducing disciplinary mechanisms (Hussain, 2015). It is a formula that
establishes a relation of docility-utility through the scale,
object and modality of control over borrowers (Foucault,
1995). Components of the disciplinary tools include
constant surveillance and subtle techniques. This can
lead to successful relations between system norms and
credit clients. In the rural microfinance system, borrowers, such as farmers, can watch, support and learn from
each other. This reciprocal supervision acts as delegated
monitoring, where the welfare of a borrower is adversely affected by the poor performance of other borrowers
(Bond & Rai, 2008). Due to this surveillance, MFIs are able
to achieve very high rates of repayment. In addition,
the system of surveillance also leads to self-correction
through individual watch (Baert, 1998). Management
and operational lessons learned from successful MFIs
can provide valuable inputs for the development of microfinance systems for the agricultural sector.

Methods
The method utilised for this research is qualitative meta-analysis. The data was acquired by conducting a literature review, several case studies, and interviews with
finance stakeholders in the climate change sector. The
authors used three data collection methods, in which
each method supporting the others. The study focuses
on literature review as the main objective, because it
can be conducted effectively in the starting phase of research to fetch information rapidly and efficiently. Most
of the basic information was utilised in the research process by providing a benchmark. The case studies support
the theoretical aspects found in the literature review. Finally, the interviews aim to verify findings and to complete missing information for the discussion.
The structure of the case studies uses the problem-oriented approach. This suggests solutions to the major
problems identified in the case studies (Monash, 2007,
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p. 1). There are several cases from government programmes and other projects financed by the ADB, Japan International Cooperation Agency (JICA), Special
Climate Change Fund (SCCF) and Global Environment
Facility (GEF). Meanwhile, the interviews were conducted with a semi-structured method from June 2015 to
March 2016 in Jakarta, Indonesia. These interviews were
conducted one on one with several microfinance institutions (MFIs), including Micra, Living in peace, and Koperasi Kasih Indonesia. In addition, interviews were conducted with public banks, including BRI, BTPN, Mandiri
and BNI, since these are Indonesian Government banks
with many branches scattered all over Indonesia; therefore, they are potential banks for the provision of microfinance. From those MFIs and Banks, 12 participants were
willing to be interviewed. The main questions during the

interviews were about their microfinance products and
the possibility to form partnerships with climate smart
agriculture projects.
This research method can be duplicated. With any interview preparation or problems model, there must be
enough detail provided so that the reader can duplicate
it or evaluate its relevance. The manuscript uses a comprehensive framework as its major theoretical concept
and the relevant framework for climate finance. The
framework diversifies finance, which will include arrangements for Indonesian commitments to public and
private adaptation finance. This framework must be such
that the twin goals of reversing anthropogenic climate
change and facilitating agricultural development can be
viably funded and achieved.

Table 1: Contribution of MFS to livelihood assets
Direct contribution

Financial

Social

Natural

Human

Physical infrastructure

Investment in livelihood
activities

•

Rise in frequency of regular money inflows

Savings (for a particular credit
scheme)

•

Securing finance

Rise in household assets

•

Improvement in financial management capacities

Establishment or social bargaining power

•

Strengthening relationships of trust, networks and
exchange through loan groups

Reinforcing organised groups

•

Pathways to political or civic entities

•

Cash for investment in clean energy and sustainable
natural resource management (SNRM) practices

•

Improving institutional skills for SNRM

•

Diversification of other activities will reduce exploitation of natural resources

•

Securing land tenure and resource rights through
policies

For particular credit scheme,
it contains skills training and
education

•

Increased knowledge base by literacy

Specific loans for healthcare
and education

•

Improved health

Several credit packages include sanitation and housing
repair

•

Enabling environment and health

Loans for infrastructure and
equipment

•

Ability to invest in better quality infrastructure

Encouraging sustainable
soil and water management
practices when a loan gives
more favourable interest rates
on that condition
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Table 2: Adaptation needs of agriculture
Source: : Center of Climate Risk and Opportunity Management (2015)

Reactive/responsive

Proactive/anticipatory

Construction of dams or other
water storage systems for irriga
tion

Development of resistant crops to drought, salt and insects/pests

Erosion control

Research and development

Changes in the use and applica
tion of fertilizers

Soil and water management practices

Promoting new crops and agro
forestry

Intensifying and diversifying plantations and crops

Maintenance of soil fertility

Policies on free markets, tax incentives and subsidies

Change in the time of planting
and harvest

Establishment of early warning systems

The transition to a different crop

Introducing weather insurance

Educational programs and dis
semination of information about
Increasing value-added production of biofuels from crop waste
water and land management and
conservation

Results

tation needs in Indonesia, and divided these into reactive and proactive types (Table 2).

Hammil et al. (2008) elaborated examples of how MFS
can enhance livelihood assets (Table 1). The examples
indicate the various strategies to enable MFS to support
sustainable livelihoods.
In Indonesia, the progress of climate actions has sped
up due to the COP13 of the UNFCC in 2007. Indonesia
developed a mitigation action plan through the RANGRK in 2011 (Bappenas, 2013). In 2013, Indonesia started to develop the adaptation plan through the RAN-API.
The RAN-API aims to compile the strategies needed to
improve the adaptation capacity of farmers, fishermen,
and coastal community which are vulnerable to climate
change (Prasetiawan, 2015). There are four resilience
targets of the RAN-API: economy (food and energy),
livelihoods (health, housing and infrastructure), environmental services (ecosystem and biodiversity), and
special areas (urban, coastal and small islands). These efforts are supported by the systems such as research and
development, capacity building, and monitoring and
evaluation. There are 15 selected pilot provinces which
have to translate the RAN-API into the RAD-API, or local
action plans (Bappenas, 2014). Nevertheless, currently
there are only a few provinces which work on the RADAPI due to lack of resources, such as finance. The World
Bank (2012) and Center of Climate Risk and Opportunity
Management (2015) have studied the agricultural adap-
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In 2011, the principal instrument transferred IDR 5,975
billion (USD 678 million) of the state budget for financing climate actions. It included budget channelled directly from the international fund to the central government through ministries and agencies (97%). There
were blockages to the smooth flow of domestic climate
finance from the central government to local governments. The local governments received a very small
proportion from the expenditures in spite of the fact
that most climate actions need to be implemented at
the local level. This condition affects lack of attention to
climate-smart agriculture practices (Mumbunan et al.,
2012). This is a corollary connection between the green
financing policy by the state and implementation by the
NGOs with climate change adaptation needs of people
in the agricultural sector. More work is needed to identify the bottleneck of flow and find efficient and effective
strategies for scaling up public climate finance at the local level.
Besides budget transfers, the central government used
equity participation in state-owned enterprises and revolving funds of IDR 1,266 billion (USD 144 million) to
generate revenue from potential projects and activities.
However, it didn’t work well, as it only disbursed IDR 30
billion from the revolving funds in 2011 (Alief, 2013). This

ISSN-Internet 2197-411x OLCL 862804632

UniKassel & VDW, Germany- December 2016

Future of Food: Journal on Food, Agriculture
and Society, 4 (3)

Figure 2 : Range of instruments currently transferring central government funds to local governments
Source: Climate Policy Initiative (2015) (Reprinted by permission)

indicates a gap between financial transfers and the revolving funds. The scheme is not currently operating as
intended. Further work is required to identify the problem and fix the scheme.
The private sector is an important financial resource for
climate actions. State-owned enterprises (SOEs) are also
potentially significant implementers of climate action in
Indonesia for several main reasons. First, the SOEs have
two ways to invest in climate-specific activities. They can
be part of the core business by establishing renewable
power plants or they can be operational parts by measuring cost savings by implementing energy efficiency
systems. Second, the SOEs used to have corporate social responsibility (CSR) activities, and even some profit-making SOEs are subject to regulations about CSR. This
could be leveraged further, as it provides direct benefits
to climate-specific outcomes. Third, some investment
barriers faced by private actors might be explained by
the commercial orientation of SOEs (Maulidia & Jauhari,
2014). The SOEs have PK-BL (Program Kemitraan-Bina
Lingkungan or Partnership/PK and Environment Support Programme/PBL). In state-owned banks, the PK is
linked with the PBL. The banks tend to establish the PBL
in areas that have been touched by its PK. For example,
the banks will provide training or irrigation system support to the farmers group which has proposed credit or
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loans through the banks’ PK.
The SOEs make investments in order to support their
core business and operational requirements which potentially support climate activities. The SOEs have spent
18,183 trillion IDR with 820,158 partners (Kompasiana,
2012). However the division of SOE investments between its core business and operational requirements is
not clear. An important supporting instrument for some
programmes is the clean development mechanism.
There are examples of clean energy projects implemented by several SOEs, specifically related to low-carbon energy generation from biomass, bioethanol, waste, small
hydropower and geothermal. Those programs reduced
GHG emissions. Nevertheless, in many cases, some projects also encountered significant delays and obstacles.
State-owned banks are also actively supporting green
lending by developing new programmes and funds.
The banks which are working on greening their lending
portfolio are BNI (Bank Negara Indonesia/Indonesian
Country Bank), Bank Mandiri and BRI (Bank Rakyat Indonesia/Indonesian People Bank). In 2011, BNI lending
for renewables and energy efficiency totalled IDR 9,021
billion (USD 1,023 million). BNI was also running a mutual fund for a green mortgage program and renewable
energy. Meanwhile, Bank Mandiri contributed IDR 141
billion for financing the construction of biogas power
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plants, from a value of IDR 360 billion (BNEF, 2013). A
different loan scheme which was implemented by BRI
is Plantation Revitalization and Renewable Energy Development (known as KPEN-RP), but the distribution of
finance was unclear. There was also another set up of an
IDR 1,341 billion (USD 100 million) loan facility from AFD
(Agence Francaise de Developpement) for financing energy efficiency and climate change projects.
This result shows that Indonesia has both public and
private sector funds. Public sector funds are large and
slow while private sector funds will be processed faster,
but the size of the funds vary. The adaptation needs for
agricultural activities range from dam construction to
educational programs for farmers. Since different types
of funds have their own advantages, it is important to
utilise their uniqueness and match the adaptation demands to the proper financial supplies.
There are challenges that need to be addressed when designing and implementing systems to track local climate
finance flows. This can be seen from the significant variation in the budget data provided by Central Kalimantan
local government’s case study (Figure 2). The case study
was about reforestation activities and use of compost
or organic fertilizer in agriculture. The activities could
clearly be categorised as climate-specific programmes
(Climate Policy Initiative, 2015). The local governments
spent at least IDR 20 billion (USD 2 million) of domestic
climate finance in 2011, which was 0.4% of their total resources. A small share of the available budget resources
were spent on climate activities, with a wide range in volume across districts, the municipality and the province.
Understanding this issue will be important to speeding
up and unlocking the implementation of activities on
the community level. (Climate Policy Initiative, 2015).
In Eastern Nusa Tenggara, UNDP Indonesia in partnership with the Ministry of Environment and Local Development Planning Agency, run the project named
Strategic Planning and Action to Strengthen Climate
Resilience (SPARC). The project works on formulating
sustainable long-term climate-related solutions aligned
with the government’s plan, which involve several key
activities to tackle the challenges in water security, livelihood and food for the local communities (UNDP, 2015).
In Jawa Barat province, ADB implements a very similar
project to SPARC. The project is called Low-Carbon and
Resilient Development Program. It is located in four selected regencies/cities as pilot areas. The project started
with the vulnerability and climate risk assessment and
continued with finding the adaptation needs, making
the government plan mainstream and exploring future
finance resources. Previously, ADB in partnership with
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several international funds also had a project named Institutional Strengthening for Integrated Water Resources Management in The 6 Citarum’s River Basin Territory
(ADB, 2015). The project also began with the vulnerability assessment and finished by producing several smallscale, pilot climate actions supported by the budget of
the ADB. Most actions were related to agriculture.
In Brazil, an institution named Agroamigo provides various elements which appear rather attractive from a climate change adaptation perspective. The focus is on the
rural poor, which is an extremely vulnerable group to
climate change impacts. The Agroamigo has been serving more than 800,000 clients with a distributional channel covering 10 Brazilian states. The credit agents of the
Agroamigo have an understanding of the local knowledge, which supports the institution’s ability to help the
rural poor diversify their income sources and build their
assets. Those are all elements that strengthen the broader idea to deliver adaptation strategies to the poorest
segments of society through microfinance as a potential
instrument (Moser & Gonzalez, 2015).
Another case study from Timor-Leste also shows opportunities for MFS to play a role in financing agricultural
climate change adaptation. The project is Building Resilience to a Changing Climate and Environment (BRACCE),
which was designed to be a pilot project to showcase
farmer managed natural regeneration (FMNR ) and other
climate change adaptation approaches in order to improve the resilience of livelihoods for small farming communities within the Aileu District, Timor-Leste. By using
FMNR and profitable agro-forestry interventions, it is
anticipated that this type of agriculture would be more
sustainable and better protect the mountainous terrain,
while at the same time increasing investment and providing long-term income opportunities for farmers.
MFS is expected to support farmer implementation
of sustainable agroforestry systems and marketing of
agro-forestry products. It will increase household income through environmentally sustainable methods
(ADB, 2016). MFS also has the potential to improve management of natural resources (i.e. increased reforestation through the use of FMNR and implementation of
improved energy efficiency systems).
Another approach is the JICA project in the Boalemo regency, Gorontalo province (Figure 3). It is trying to combine mitigation and adaptation measures. Deforestation
in Gorontalo is driven by the practice of slash and burn
to make way for maize production. Therefore, this area is
becoming a target for the REDD+ (Reducing Emissions
from Deforestation and Forest Degradation) programme.
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Figure 3 : Role of microfinance in cocoa value chain
Source: JICA (2015)

The project found that cacao production is a more resilient crop for the area, so they promote cacao farming
to replace maize in order to help REDD+ in the regency
(JICA, 2015). The project is setting up microfinance for
farmers, contributing to socio-economic development
in the area by creating new value chain opportunities
and doing capacity development for farmers to produce
high quality cacao beans.
There was a finding from a series of interviews with BNI
and BRI which supports the case study. It found that
insurance is a good adaptation measure for climate
change. The microfinance programme run by BNI and BRI
has an option to bundle an indemnity-based insurance.
Farmers who would like to add insurance have to pay an
additional fee, which is equivalent to 1-2% interest on
top of the microfinance interest. Farmers have to contract a microfinance programme to join this insurance
programme. Indemnity insurance is currently available
for rice farmers only, besides other types of insurance
products such as health, life and accident. The program
is projected to expand to other crops in the future, so
there is a possibility to have the insurance for all type of
farmers with various crops.
The banks like BNI and BRI (R. Agus, personal communication, July 21, 2015) provide schemes that potentially
support climate activities, from small to large-scale as
well as short-term, mid-term and long-term schemes.
The credit schemes are for either individuals or groups.
Microfinance programmes from BRI and BNI are ready
to cover project development and capacity building on
climate actions (BNI, 2014). In the agricultural sector,
					

UniKassel & VDW, Germany- December 2016

crop fields in river basin are vulnerable to floods, which
can lead to crop failure and losses to farmers. In such a
case, microfinance can help farmers to recover and microinsurance can protect them from financial loss. The
government can also help farmers access microfinance
by giving recommendation letters. In addition, BNI and
BRI are two banks that have been approved to launch a
branchless banking scheme, namely Laku Pandai. Currently, the programme focuses on providing savings services, but it will expand the scheme to include microfinance bundled with microinsurance. This can be a useful
scheme in remote areas with no bank branches.

Discussion
The common finance scheme for climate actions is still
dominated by public finance in Indonesia, either from
the government budget or international donors. The
RAN-GRK and some of the most emission-intense sectors benefit from the highest share of climate finance.
Those are the emerging national-level plans which became the focus of mitigation activities in 2011. The central government disbursed 73% of climate finance, IDR
4,046 billion (USD 459 million), for indirect activities
such as policies and enabling environments. About 73%
of the finance supported the forestry sector in policy development. The rest of the support targeted energy (7%)
and agriculture (10%). Although indirect actions aim to
support direct actions, there is currently important direct needs in agriculture to support food security. At the
local level, climate finance is mostly used for direct mitigation (83%), with the remaining share used for indirect
activities (17%). In term of direct mitigation action, the
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Table 3: Adaptation needs of agriculture which can be potentially funded by microfinance
Source: Adapted from Center of Climate Risk and Opportunity Management, 2015

Reactive/responsive

Proactive/anticipatory

Changes in the use and application of fertilizers

Development of plant species that are tolerant/resistant to drought,
salt, pests, etc.

Promoting new crops and agroforestry

Diversification and intensification of food crops and plantations

Changing the time of planting and harvest

Development of weather insurance

The transition to a different crop

Increasing value-added production of bioenergy from crop waste

Educational programs and dissemination of information about conservation and management of
land and water

Assistance with existing cultivation or agroforestry, from pre-planting,
to growth stage and post-harvesting

local spending went to the forestry and energy sectors.
Each region had unique patterns of distribution, either
focusing on indirect activities or heavily investing in direct mitigation activities.
There is some uncertainty in tracking resource flows from
the national and international levels. The CPI study was
unable to estimate the amount of climate finance for agricultural adaptation actions from the private sector and
particularly from microfinance in 2011. This is likely due
to complexity in identifying applicable activities. There
are also pros and cons of international level funds like
AF and GCF. On the positive side, the size of the funds is
really large and may draw attention for further support.
However, the application procedure is complex and
slow. It may take more than two years for funds to arrive
at the local level, while farming communities need quick
finance to produce food.
To achieve the mitigation target, most funding goes
towards large-scale mitigation actions. Only about 5%
of the climate finance is used for adaptation. Climate
finance is also facing problems of access at the local
level and overcoming a very long bureaucracy process.
Meanwhile, there are growing needs for agricultural adaptation finance to support implementation of actions
at the local level. Most adaptation actions still focus on
strengthening institutions, conducting vulnerability
assessments and making the adaptation needs mainstream in the government plan. Even though food and
agriculture is one of the priorities in the government
plan, some projects which want to increase community
resilience only established a few small, pilot adaptation
projects. Those kinds of projects are the action which is
actually needed more by farming communities.
There are both international, national, and local funding
sources for agricultural adaptation needs. There are dif-
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ferent recommendations for long-term and short-term
finance. A rapid climate change response can be supported by short term finance, which has a shorter application period. It could also become additional finance to
ramp up activities quickly (Schalatek et.al., 2010). Longterm finance means the finance requires a long-term
plan and has a long application period. Short-term finance will help the climate change-specific adaptive capabilities and can be more appropriately funded by private sector finance, including microfinance. Long-term
finance can be used to enhance general capabilities and
should be supported by public sector funds. The longerterm support will be connected with the mainstreaming
of climate finance to synchronise with general development goals.
Microfinance is a potential resource of climate change finance related to banks. There are 6,400 MFIs which have
a good opportunity because the existing microfinance
is not yet used for climate actions (MICRA, n.d). Therefore, it should be utilized to support climate finance. This
scheme also can be considered green financing by the
banks. It will increase private sector engagement and it
can go through public-private partnership, especially in
the agriculture-energy nexus sector.
Various types of financing initiatives from ADB, GEF,
SCCF, JICA, BRI and BNI provide significant results and
opportunities for potential partnership between microfinance and the agricultural sector. ADB, GEF and SCCF
adaptation projects have supported the government to
make agriculture-dominated, local adaptation actions
mainstream in local government plans. This plan can be
connected with microfinance schemes provided by BRI
and BNI. JICA has a different approach, in which a project
extends existing plans by the local government and is
connected with microfinance in its project concept. The
concept still can be developed into a more advanced
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scheme depending on the local needs. Microfinance is
important to supporting small-scale agricultural climate
actions, because it can address direct needs of the farmers. For instance, in the JICA case study, when a particular crop is vulnerable to drought, the farmers need to try
alternative crops to support food security and the resiliency of their livelihoods. It is considered an adaptation
measure. Microfinance can help farmers promote alternative crops. It will be useful for the agricultural sector,
since this sector currently only gets a small portion of
finance towards direct activities. For more information
about the climate finance, please refer to this link. The
microfinance process is also faster than the public sector.
It just takes half a year to make the final money transfer from a microfinance fund LIP to the partner MFIs,
while the public budget needs one to two years for the
approval process. Likewise, there are blockages to the
smooth flow of the public budget to the local government (Climate Policy Initiative, 2015). Therefore, rapid
microfinance development is needed to support timely, efficient and effective climate finance at the provincial and district level to fund these adaptation needs (as
shown in Table 3).
To promote the growth of the microfinance industry,
there is the Microfinance Innovation Center for Resources and Alternatives (MICRA) which was founded by Mercy Corps, an international NGO. The MICRA (I. Abdy, personal communication, March 21, 2016) has built a deep
understanding of the sector and has a relationship with
more than 1,000 MFIs in Indonesia by giving technical
and management assistance as well as providing research and innovation. Various donors have been working with the MICRA to support MFIs and low income
workers (MICRA, n.d.). Donors have created several funds
with promising total investment. The donors have MFI
partners which are based in other agricultural countries.
The donors lead the investment process, including deal
sourcing and conducting due diligence, investment
conditions negotiations, and monitoring. It usually takes
half a year after conducting due diligence to make the
final money transfer from donor countries to the partner
MFIs (LIP, 2016).
Even though there are other resources, such as the CSR
from SOEs, microfinance is still needed. CSR is not robust
enough, as it is not the key activity of the business (i.e.
when the business is struggling, CSR budget may be
cut). In contrast, microfinance is a part of business, so
it will continue as long as the business survives. It is a
different approach that goes beyond the CSR. CPI (2014)
found that most SOE spending on climate finance goes
towards mitigation. It is time to address adaptation in
the agricultural sector at the local level, which is lack					
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ing the involvement of SOEs. The farmers in West Java
need proper water resource management to irrigate
their fields. The SOEs’ contribution will help the local
governments which face finance flow blockages from
the central government. Consequently, it will speed up
implementation on the ground. Microfinance can be an
alternative way for the SOEs, especially banks, to support
adaptation needs. Many public funds stop providing finance once pilot projects are complete, so microfinance
can fill the gap by ensuring the projects’ sustainability.
Likewise, there is the PKBL (Heryadi, personal communication, January 20, 2016), which combines CSR with microfinance. After giving loans for farmers to start agroforestry projects or other alternative livelihoods, the PKBL
also gives assistance or training for farmers’ existing cultivation or agroforestry for all stages of production. This
increases the resilience of the agricultural sector and the
livelihoods of rural farmers.
Microfinance can support farmers to derive and strengthen their economic and non-economic assets, which are
highlighted in Table 1. In this regard, farmers have to
be able to transform their assets into income, food or
other resources for individual or household wellbeing.
It is about the capacity to manage asset accumulation,
which should be understood very well by the farmers
(Moser, 1998). In order to deal with variance in income
and consumption, they also have to be able to have a
larger asset base from which to draw and minimise or
entirely avoid depleting their asset base. The impact of
a shock or stress will not be immediately damaging if
credit, insurance and savings can help them protect and
build up enough assets.
In term of climate change adaptation, vulnerable agricultural stakeholders need microfinance which provides
both direct and indirect financial support. Microfinance
services help families build assets and coping mechanisms over time, especially through savings and, increasingly, microinsurance products. It also encourages
sharing of information and knowledge to influence behaviour. This has been the long-term nature of microfinance services.
Scaling up approaches include insurance and the international microfinance fund. However, microfinance may
not be strong enough to finance the whole demand for
agricultural climate actions. Adaptation is contextual, so
it has to be grounded in the local situation. However,
there are things the public sector can do. The MFIs need
public sector support as well as other resources from
the private sector. Several case studies mentioned previously, such as the JICA project, can combine its project’s
financial scheme with microfinance. These schemes will

ISSN-Internet 2197-411x OLCL 862804632

65

Future of Food: Journal on Food, Agriculture
and Society, 4 (3)

complete each other. Together with the trust funds for
supporting initial expenses, this will bring sustainability for climate change adaptation actions in agriculture.
Implementing this collaboration is impossible without
further study about ideal microfinance schemes needed
to complete this discussion.

Conclusion
There is an opportunity to improve the existing schemes
in Indonesian climate change adaptation finance for
agriculture. The opportunity comes by developing the
role of microfinance in climate actions. Indonesia is still
lacking direct adaptation activities due to a focus on indirect activities to build the foundation for later activities. However the agricultural sector needs urgent direct activities to support food security. Microfinance is a
potential resource which can finance those activities by
helping small-scale agriculture projects, in particular, be
established. Microfinance will be helping climate finance
readiness in Indonesia.
Microfinance is needed for adaptation measures in the
agricultural sector. This is a logical framework as microfinance can be useful for filling the gaps in conventional
funding. The business approach of microfinance is more
robust than CSR. Microfinance bundled with insurance
can be another good adaptation measure. Moreover,
in the case of rapid response to disasters, which often
destroy the agricultural sector, microfinance should be
advantageous in supporting adaptation. However, in reality, it does not work as it is prevented by regulations.
So, this can be an area the public sector can support, as a
risk taker as well as by providing an initial funds and aid
in scaling up projects.
From several established local adaptation plans in Indonesia, the most powerful support for microfinance is the
ability to help farmers’ families build and diversify assets.
It can allow them to avoid dependency on a single vulnerable livelihood. The farmers then can have more than
one means of supporting themselves and more than one
skill set. Another role can be played by the microinsurance schemes or savings which support farmers in dealing with climate change in high-risk areas, such as flood
or hurricane-prone regions. In several cases, the donors
have to reach farmers’ families with development aid or
handouts and loans through lender/borrower financial
contracts. In this scheme, the MFIs can play a role as distribution channels for the donors.
The microfinance sector in Indonesia is one of the biggest markets in the world. The climate stakeholders
should use this resource to help the farmers who still
lack access to climate finance. There is a large potential
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for growth in the agricultural climate change adaptation if microfinance can be effectively utilized on a large
scale for farmers in Indonesia. Furthermore, it will help to
shape a bright future of food in Indonesia.
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Beyond the classroom: Lecture series on sustainable development, food
security & humanitarian assistance

The Ringvorlesung is an ongoing lecture series held at
the University of Kassel-Witzenhausen Faculty of Organic Agricultural Sciences. This lectures series is organized
in the same format as the model-United Nations. The
Ringvorlesung was inspired by the goal of advancing the
post-2015 sustainable development agenda of the UN.
The three fundamental elements of this UN agenda are
economic growth, social inclusion, and environmental
protection. In terms of goals related to food, the current
Sustainable Development Goals (SDGs) aim to
end hunger, achieve food security, improve nutrition, and promote sustainable agriculture.
In order to address these UN goals, the three
main pillars of our Ringvorlesung are sustainable development, humanitarian assistance,
and food security. Guided by Prof. Dr. Angelika
Ploeger (Project Director), the organizational team consists of 10 graduate students from 8 different countries
who have selected the lecture topics, invited the guest
speakers, and orchestrate the discussion every week at
a high technical level. Following the model-UN system,
each session is guided by a chairperson and ends with
a debate and discussion between speakers and participants. The participants can received university credits in
addition to a certificate from the UN. It is also possible
for any interested individuals from around the world to
attend via online live broadcast of the lectures. speakers
from differents level are invited to join with us, including
professors, PhD students, NGO representatives, activists,
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and practitioners. More than 38 highly-qualified experts
from all over the world (including the USA, India, Egypt,
Italy, Sri Lanka, Brazil, Lebanon, Ghana, and Turkey, just
to name a few) present in the lecture series, either in
person or via skype. The 10 specific topics of the Ringvorlesung include: (1) Humanitarian Crisis in the Modern
Day, (2) Malnutrition & Hunger, (3) Agricultural Practices & Food Security, (4) Water for Food, Water for Life, (5)
Biodiversity & Natural Resource Management, (6) Food
Sovereignty, (7) Food Culture, Food Sharing & Combatting for Food Waste, (8) Health & Nutrition Security, (9) Peace & conflict resolution (Food & War), (10)
Climate Change.
The goal of our sessions, which are held on Tuesday
nights from November 2016-January 2017, is that
participants come away with a critical perspective
on these issues. In addition to attending the lecture series, participants can join in the drafting process of the
“Witzenhausen UN Charter,” which will be officially presented to the UN Secretary General in March 2017. This
charter will present our community’s collaborative ideas
for achieving sustainable development and food security in the future.
For more information about the Ringvorlesung and to
participate in the development of the “Witzenhausen Charter,” please visit our website: http://ringvorlesung-witzenhausen.de/
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Critical Agrarian Studies Colloquium on "the future of food and challenges for agriculture in the 21st century"
The international colloquium organized by the Initiative in Critical Agrarian Studies (ICAS), La Via Campesina (LVC)
and the Transnational Institute (TNI) seeks to analyze the practices and economic, ecological and social crises of the
current food system and how they can be overcome. 10 years after the declaration of Nyéléni, important questions remain on how to transform the current food system towards food sovereignty. The colloquium therefore aims
to operationalize food sovereignty as the “the most developed proposal for
an alternative food system to date” and encourages research and activism
according to the following six pillars:
• Capitalism, class, agriculture, livestock and fisheries
• Climate Change and convergences
• Models of development in the context of flows of capital, goods and people
• Access and control over the means of production
• Consumption, health, nutrition and the Right to Food
• Movements for Food Sovereignty
Interested persons are welcomed to participate as presenters (abstract deadline 30.01.17), workshop organizers (proposal deadline 15.02.17) or participants interested in constructing food sovereignty. Confirmed speakers include leading scholars and activists such as Jun Borras, Henry Bernstein, Raj Patel,
Ian Scoones, Sofía Monsalve, Peter Rosset, Susan George and many others.
For further information, see: https://goo.gl/5rWyLM

Organic retreat at Navdanya Biodiversity Sanctuary 8-13th March, 2017
Navdanya, a network of seed keepers and organic producers spread across
18 states in India, is inviting participants to their organic retreat to learn
about the gifts of biodiversity and the knowledge, power and resilience of
women. The program is organized to provide a meaningful celebration of
Holi, a festival to enjoy and learn about natural colors and natural foods. The
6 day program also aligns with the celebration of International Women’s Day
on the March 8th, 2017. For further information, please email earthuniversity@navdanya.net or call +911-135269302.

Healthy Ageing Conference 2017 - March 16-17, 2017
This conference will take place for the first time at Fulda University on March 16th
and 17th, 2017. The conference deals with a wide range of research results from
science and industry, focusing on the following three categories: Food, Exercise
and Living Environment. Abstracts can be submitted until January 19th, 2017.
There will be prizes for the 3 best posters in the conference. For further information and registration, please visit http://healthy-ageing-2017.de/Startseite/index.
php/

70					

ISSN-Internet 2197-411x OLCL 862804632

UniKassel & VDW, Germany- December 2016

Reports

Future of Food: Journal on Food, Agriculture
and Society, 4 (3)

Capacity building activities in rain water
harvesting: South Kyrgyzstan
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Water and food are fundamental human rights. However, a number of communities in the world suffer due to a
lack of these most basic needs. With few alternative economic opportunities, communities in rural and mountainous Kyrgyzstan have to rely mainly on agriculture
for their livelihoods. Alteration of rainfall patterns puts
rain-fed agriculture at risk. As water is an essential factor for existence, its seasonal unavailability makes smallscale family farmers vulnerable during long dry seasons
in arid and semi-arid areas. Living far from the administrative centre, having poor infrastructure (including

poor water systems), and existing conflicts of water interests exacerbate the situation for the residents of the
Shybran village of Batken province (south Kyrgyzstan).
Unpredictable weather conditions undermine farmers’
plans for agricultural activities. There is a strong need to
enhance the capacity of local farmers in relation to water
security.
Climate change adaptation strategies include rainwater harvesting (RWH), the most sustainable technique
for securing water. As a simple, cost effective and easily

Figure 1: Project grop and farmers in Shybran village in the workshop and construction
of rainwater tank process
Photo Credit: Daniar Matikanov
Citation (APA):
Otunchieva, A. (2016). Capacity building activities in rain water harvesting: South Kyrgyzstan. Future of Food: Journal on Food, Agriculture and
Society, 4(3), 71-72.
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constructed alternative for irrigating crops, RWH offers
stability in terms of water availability for the agricultural output of small-scale farmers in semi-arid areas like
Kyrgyzstan. More than 90% of the locals in the Shybran
village rely on agriculture for their livelihoods. Farmers
currently grow maize, barley, sunflowers, apples, apricots, and more. Although minor forms of RWH already
exist there, efficiency of water use is doubtful. To be precise, poor water storage capacity, increased evaporation
rates, the absence of calculations of local precipitation
levels and the actual annual need of irrigation water
weakens efficient use of this precious natural resource.
Three graduates of German universities, Daniar Matikanov, Baatyrbek Alymkulov and Aiperi Otunchieva,
all originating from Kyrgyzstan, developed the project
“Water for Small-scale Farmers.” With the support of the
Engagementpreis Foundation, a two-day workshop
was conducted in Shybran village in August 2016 by a
German consultant, Mr. Frank Löwen (NGO Down to
Earth Consult), who has over 15 years of experience in
nature conservation and water use efficiency in different parts of the world. The project was also supported
by the Association for the Promotion of a Natural and
Socially Acceptable Nutrition and Landscape Culture
(Verein zur Förderung einer natur- und sozialverträglichen
Ernährungs- und Landschaftskultur) in its further research
activity at this site.

The expected results of our project include availability of
RWH structures with efficient water use, their wider dissemination among rural farmers in southern Kyrgyzstan,
insurance of water sustainability, increased reliance on
self-grown food, and decreased youth migration from
rural areas.
RWH is a sustainable project as it will be used permanently by the farmers in Shybran village since agriculture
is the primary livelihood strategy. During the capacity
building activities, the locals showed a strong interest
in learning the new method for rainwater saving and its
efficient use in farming. After the training, construction
of RWH structures is planned to be finished by May 2017.
As the village suffers due to the lack of drinking water,
we plan to find easily available solutions for this complex problem in the future. It is only the beginning of our

plans to work with this village, which has so far never received any support from the government nor
from other organizations.

Practical solutions were presented for efficient water use
in the absence of water system infrastructure in rural areas. Our main message was that even with annual precipitation less than 300mm, it is possible to ensure the
productivity of rain-fed agriculture. During the sessions,
farmers from 15 households were informed about the
opportunities to increase water supply, improve water
use efficiency and employ appropriate crops requiring
less water. Different types of RWH structures (open landscape and house roof technique) were introduced to the
locals, taking into account landscape, amount of precipitation, climatic conditions, and amount of water needed
for irrigation.
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Introduction
With the global population projected to reach 9 billion
in 2050, demand for food is expected to increase by over
50% in 2030 and 70% in 2050 (UN-Water, 2013). Already
agriculture is the largest user of water with irrigation
accounting for nearly 70% of all freshwater withdrawals (UN-Water, 2016). It is estimated that to meet this
increased demand for food, global agricultural water
consumption will increase by around 19% by 2050; however, this figure could be higher if crop yields and the
efficiency of agricultural production does not improve
dramatically (UNESCO, 2012). At
the same time, global demand
for water is projected to exceed
supply by 40% in 2030 and 55% in
2050 as a result of climate change
and non-climatic trends including rapid urbanisation, economic
growth and rising income levels,
as well as increased demand for
energy (OECD, 2012; UNEP, 2016).

sources of nutrient pollution from agricultural sources.
Overall, excess nutrients can cause harmful algal blooms
harming public health, creating dead zones in water, increasing water treatment costs and impacting industries
dependent on clean water (U.S. EPA, 2016a, 2016b).

Demand management
To reduce water-food nexus pressures, water managers can implement demand management strategies to
balance rising demand for limited, and often variable,
supplies of good quality water. Demand management
involves the better use of existing water supplies before plans are made to further
increase water supply. Demand
management promotes water
conservation, both during times
of normal conditions and uncertainty, through changes in practices, culture, and people’s attitudes
towards water resources (Brears,
2016). Demand management
aims to: reduce loss and misuse;
optimize water use by ensuring
reasonable allocation between
various users while considering
downstream users, both human
and natural; facilitate major financial and infrastructural savings; reduce stress on water resources by
reducing unsustainable consumption levels; and reduce water quality degradation.

Impacts of agriculture on water
quantity and quality
Groundwater is used for over 40%
of global irrigation on almost 40%
of irrigated land and therefore has
become an indispensable source
of water for agricultural production in many countries. However,
groundwater sources are at risk of
being ‘mined.’ In other words, the
rate of groundwater extraction Figure 1: Irrigation canal in Algarve, Portugal
Case 1: Irrigation tariff simuPhoto Credit: Emmanuel Eragne (via flickr)
is greater than its replenishment
lator in Portugal
rate (OECD, 2016). Meanwhile, agriculture is one of the
largest contributors to non-point source pollution im- The Alqueva Multi-purpose Undertaking (EFMA) in
pacting rivers, streams and lakes as well as wetlands southern Portugal is Europe’s largest irrigation project.
and groundwater supplies. Fertiliser and animal manure, Around 120,000 hectares of irrigation area has been set
both rich in nitrogen and phosphorous, are the primary up in a region where soils are highly suitable for irrigaCitation (APA):
Brears, R. C. (2016). The water-food nexus and the role of demand management . Future of Food: Journal on Food, Agriculture and Society, 4(3),
73-74.
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tion and the number of hours of sunshine is above the
European average (EDIA, 2016b). As part of EFMA, irrigators are offered a tool for simulating water consumption
and estimating its cost. The irrigation tariff simulator
calculates the cost of water consumption based on the
location and type of supply, year of introduction of the
crop, amount of crop expected and the area covered
(EDIA, 2016a).

Case 2: Water quality trading in the Ohio River
Basin
The Ohio River Basin Water Quality Trading Pilot Project
is a first-of-its-kind interstate program that spans Ohio,
Indiana and Kentucky to evaluate the use of trading by
industries, utilities, farmers and others to meet water
quality goals while minimising costs. The water quality
trading program, a market-based approach to achieving water quality goals, allows permitted discharges to
generate or purchase pollution reduction credits from
another source (EPRI, 2015).

Conclusions
With the global population increasing over the coming
decades, demand for food is expected to increase significantly. This will lead to increased demand for water
in food production. At the same time, global demand
for water is projected to exceed supply due to climate
change and non-climatic trends including rapid urbanisation, economic growth and rising income levels, as well
as increased demand for energy. To reduce water-food
nexus pressures, water managers can use demand management tools to reduce water demand and promote
efficiency through water tariffs, while at the same time
reduce agricultural impacts on water quality through activities including water quality trading.
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In the rural areas of Brazil, a farmer runs his agricultural
empire with a fierce hand: he exploits his workers and
the land to their limits. Lack of sustainable land management leads to the pollution of rivers, changes in rain
patterns, and exhaustion of the soil. The vast amount of
land that he owns was acquired through dispossession
and violence towards indigenous people and peasants.
And as his empire grew, so did his political power, which
grants him free access to politicians and public officials.
This profile could have depicted hundreds of real characters in the history of Brazilian rural development. However, it refers specifically to Coronel Afrânio de Sá Ribeiro, a fictional character in the telenovela Velho Chico,

1997). The topic of agriculture is not new in a country
that is the third largest exporter of agricultural products
in the world (WTO, 2015). Some telenovelas have also
been set in the rural environment such as Rei do Gado
(1996) and Renascer (1993). What is new is that the Coronel’s power is being challenged by ideas that came from
abroad. Sustainability, natural recovery of water bodies,
and social justice to rural workers are the ideas brought
by the character’s grandson Miguel, who returns to his
family’s hometown after studying agricultural sciences
in France, creating a conflict between the old and new
ways of managing the land.

Figure 1: The character Coronel Afranio, representing the traditional and oppressive coronelism, will be challenged with ideas
linked to sustainability by his grandson
Photo Credit: Paraiba.com.br and Velho Chico Team

a highly-rated soap opera which is run by media giant
Rede Globo. Telenovelas have been an important cultural and social component in Brazilian society (Fernandes,

The story, which runs at prime time, delivers an important message to millions of viewers. Sustainability
and social equity in the rural environment have finally
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matured into ideas that can be presented to the mainstream audience in a developing country. To understand
the importance of this change, it is necessary to consider the impact that such TV programs have in Brazil.
The country lacks leisure activities for the low income
population. Furthermore, high crime rates lead people
to prefer to stay at home, and deficient schooling and
literacy limit alternative activities such as reading books
and magazines. As a consequence, 95.6% of residences
have a TV set (IBGE, 2011). The development of a national television system was stimulated by the government
during the military dictatorship, which needed to create
a sense of union in a country of continental proportions
with profound cultural differences (Hamburger, 1998).
Much of the Brazilian identity, therefore, was formed by
telenovelas – which are programs that aim at showing
examples of the Brazilian way of life and creating shared
cultural values. The audience has been led to believe
that when they sit in front of their TV sets every night,
they are seeing a representation of an idealized Brazilian
family. The Brazilian telenovelas are different from their
Spanish speaking counterparts because they are meant
to be realistic and contemporary, and to create discussions about topics that are polemic, such as sexual identity, racism, corruption, etc. (Lopes, 2003).
Telenovelas have dealt with important changes in political, social and cultural trends; however, they have not
created these changes, but followed them after they
were perceived as promising trends (Lopes, 2003). This
can be applied to the mentality in rural development.
The synopsis of Velho Chico was pitched and rejected
twice, both in 2009 and in 2012, for being “too political”,
according to news reports on online magazines (Portal
IG, 2012). However, in 2016, it was put into production,
proving that the idea of sustainable development and
social equity in agriculture has matured to the point that
it can be endorsed and presented to a large audience.
The story depicts an old, common practice called “Coronelismo” that was prevalent from the colonial period
until the 1930s, and even still exists in remote areas of
Brazil. The land owners are called “Coronéis” (Colonel, in
English), a nickname dating back to the time when land
owners bought titles. The Coronel has influence over
public officials by means of electoral fraud and corruption, and is not tamed by the state because he is deeply
associated with it. This practice shaped the distribution
of land, leading to the concentration of land in the hands
of a few traditional families, as well as social inequality
and impoverishment of peasant families (LEAL, 2012).
Coronel Afrânio, the main character of Velho Chico, often
claims to have one of the largest fortunes in Brazil.
The new ideas raised by the 2016 production include
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the valorization of cooperatives and peasant families,
respect for natural crop cycles, renewal of water sources
with the use of native vegetation, ceasing the use of pesticides, and the end of irrigation systems that divert the
courses of rivers. The title of the story, Velho Chico, refers
to the main river that runs through Northeastern Brazil,
officially named the São Francisco. Throughout the story, the characters often make remarks about changes in
the river, such as that it is not as deep as in the previous decades and that is it not possible to fish there anymore. The farmer’s grandson, Miguel, quickly identifies
the predatory agricultural practices of his grandfather as
the main culprit for the worsening water conditions, and
calls for an immediate change in practices. The Coronel
acknowledges that many changes have occurred since
the construction of a dam nearby, which altered the river’s flow, but also guaranteed some of his political power. This suggests that connections exist between large
infrastructure projects, environmental degradation, and
the strengthening of local elites.
Coronel Afrânio shows no concern for land management, and rarely interferes in the actual work of farming. Instead, he approves the most profitable practices
and divides his time between trying to enlarge his fortune and securing more political power through violence, corruption, and empty populist discourses. He is
shocked when his grandson wants to implement new
practices. Rather than attempt to make as much money
as possible, the young man cares about protection of the
environment and the well-being of the locals.
This plot depicts a few important discussions that have
surfaced and are in direct contrast to Brazil’s prevalent
practices and culture: questioning the origin of landowners’ fortunes, the right of peasants to receive a fair share
of their produce, the importance of social movements,
sustainability over productivity, and the long-term consequences of poor environmental management. Previously, there was little questioning by locals of the devastating effects that this form of land management has
for income distribution. Some of the most impoverished
people live in the rural areas, where sanitation, health,
education, and access to electricity remain a challenge,
despite the 21.46% contribution of agriculture to overall
GDP (Cepea, CAN and IBGE, 2016). Instead, rich individuals were perceived as more competent or deserving than
the rest of the population, or as people that could provide the basic necessities, such as medication and protection (LEAL, 2012).
Velho Chico established 2016 as the year that matters of
sustainable use of land and water resources finally left
the confines of academia in Brazil and reached a mainstream audience, which is primarily urban. According to
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the 2010 Census, 83.34% of the Brazilian population lives
in urban areas, and is therefore unfamiliar with the realities of the rural environment (IBGE, 2010). It is still too
early to determine if the issues raised by the telenovela
have called the attention of the audience to the products they consume on a daily basis and agricultural policies. Yet, the telenovela suggests that we have reached
a maturation point in the discussion, and represents a
bet made by one of the largest media broadcasters in
the world that there will be a trend of more sustainable
agricultural practices in the future. The discussion is especially valid considering that there are still new, large
properties displacing areas that until recently were solely native vegetation (Colussi, 2015). The expansion of a
new agricultural frontier during a time where the old,
predatory practices are being revisited offers the possibility to create different patterns in agricultural and social development. However, it requires new forms of relationships between the state, landowners, and workers
in order to avoid the kinds of past associations that have
led to corruption, drought, impoverishment, and poor
management practices in the Northeast region of Brazil.
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Eco-Cultural Networks and the
British Empire. New Views on Environmental History
A book review by Sören Köpke
Editors: James Beattie, Edward Melillo, Emily O'Gorman
Book title: Eco-Cultural Networks and the British Empire. New Views on Environmental History (344 pages, £
81.00)
Year of publication: 2015
Publisher: Bloomsbury Academic, London and New York
ISBN-13: 978-1441109835
Throughout global history, empires have always tried to extort natural resources from the peoples and territories they
had conquered and colonized. More often than not, these
natural resources included agricultural products. The British
Empire was no exception. Discussions on political economy,
military conquest and political resistance are tried and trusted perspectives on the history of the British Empire. But imperial history is not only about exploitation and conquest.
There are new and exciting ways of inquiry into global history, especially into environmental history.
The editors and authors of the volume at hand argue for the
concept of “Eco-Cultural Networks.” This open and innovative approach advocates an emphasis on interlinkages and
exchanges. It looks at commodity chains, colonial institutions, and modes of producing knowledge about and gaining control over ecosystems and people. The book follows
in the footsteps of Richard Grove’s Green Imperialism (1995),
a work that highlighted the role of natural scientists in the
expansion of the British Empire.
The collection is divided into two parts, “Regional Eco-Cultural Networks” and “Local Eco-Cultural Networks.” Several of
the eleven chapters are of great interest to scholars of food
culture and agriculture, while others, like Nancy T. Jacob’s
chapter on birds between Europe and Africa, and Kathryn
M. Hunter’s and Robert Peckham’s accounts of hunting cultures, while in itself interesting, may not be as relevant to
the field. The different chapters deal with single significant
crops – like tea or rice – but also with sites of production,
commodity exchange, and consumption.

British Tea Consumption.” The British culture of tea, so emblematic of the United Kingdom’s cultural identity, is tightly interwoven with its colonial heritage. Melillo traces the
evolution of this obsession with tea, connecting it with the
British colonial presence in Sri Lanka (then Ceylon), and the
corporate policies of Lipton’s Tea.
Sean Kheraj tells a local history of animal husbandry in Winnipeg. His description of Canadian cities as multispecies
habitats, as places of urban agriculture, has a surprisingly
modern tinge. Domestic livestock animals were brought
over from Europe as part of the colonization process, but
evolved in the “new world,” taking part in the creation of
new landscapes and livelihood strategies. The chapter reminds us how much introduced species contributed to the
colonizing of imperial spaces.
Overall, the volume provides a diverse spectrum of narratives concerning the environmental history of the British
Empire. Given the persistent weight of the Empire’s historic
influence on many of its former colonies, this is a great point
of departure for further research into environmental and
agrarian history.
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One of the most vivid examples of Eco-Cultural Networks
formed around a commodity is described in Melillo’s “Empire in a Cup: Imagining Colonial Geographies through
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Climate Change in World Politics

A book review by Jessica Lucinda Amprako
Author: John Vogler
Book title: Climate Change in World Politics (211 pages, ebook $19.99)
Year of publication: 2016
Publisher: Palgrave Macmillan, UK
ISBN-13: 978-1-137-27343-7
Climate change has become a well-known topic of global discussion. Scientists have expressed serious concerns
about global warming as a result of human activities. Environmentalists have also embarked on several campaigns to
spread awareness about climate change to political leaders
and common citizens. Yet the issue of climate change remains unsolved and has created political controversies surrounding the approach to its rectification. Even definitions
of the cause of the canker remain vague.
John Vogler is a Professorial Research Fellow of International
Relations at Keele University in the United Kingdom. He has
been the chair of the British International Studies Association’s working group on the environment. He is a member
of the ESRC Centre for Climate Change, Economics and Policy, and has conducted a great deal of research on environmental topics.
Vogler’s book Climate Change in World Politics addresses
the issue of climate change from an international governmental perspective by marrying the ideas of different school
of thoughts, such as the concerns of the green activists, naturalists and scientific experts with the social scientists’ and
economists’ point of view. The book asks questions about
why the problems caused by climate change are addressed
in isolation from socio-economic drivers of global warming.
Climate change poses a threat to natural resource availability for future generations. It will have a negative impact on
the environment, society, and the economy of all nations in
one way or another. Factors that are in play are associated
with increases in emissions of greenhouse gases (GHG) due
to changes in consumption patterns as well as population
growth. Some measures that were taken to solve this crisis were the establishment of conventions and creation of
mutual agreements to curb activities that lead to climate
change. However, these suggested policies and measures
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have not effectively solved the problem due to bureaucracy
and limitations in the decisions and policies, as described by
some members of the sovereign states (Vogler, 2016).
The proceeding chapters of this book cover the following
topics: framing and fragmentation, the United Nations
Framework Convention on Climate Change (UNFCCC) regime, interests and alignments, the pursuit of justice, recognition and prestige, and finally, structural change and
climate politics. The book provides a rich contrast between
policies that have been developed to help mitigate GHG
emissions and the strategies that have been adapted to
pursue the course. Vogler, in his research, discloses how climate change interventions have been inhibited by power,
prestige and norms of member states. Several linkages have
been drawn to find a balance between the scientific approach and political structures in an international context.
In the section regarding framing and fragmentation, Vogler
tries to define the problem of climate change by considering diverse factors, such as globalisation, consumption and
territorial emissions. Globalisation has increased the emissions of GHGs that arise from international aviation and
transportation of goods by sea. Some of these emissions are
the result of the import of goods from the developed world
to developing countries and the transport of tourists from
developed countries to the developing world. These factors,
however, are not discussed by the UNFCCC.
However, the role of developed countries in this instance
is vital as they must be the frontliners in the reduction of
emissions and can influence others to do same. Monckton
(2011) argues that the UNFCCC and the United Nations Intergovernmental Panel on Climate Change are only using
the threat of global warming and the guise of saving the
planet as a scare tactic to cover up their extravagant spending and self-enrichment. This is evident as the UNFCCC is
growing more powerful and bureaucratic over the years, as
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they have taken huge sums of money and power from the
Western nations without giving a concrete and transparent
account of the science and the economics of the climate
change (Monckton, 2011).
Concerning the approach mechanisms adopted by different nations, Vogler (2016) analysed how these parties defined the causal factors that have led to climate change from
the perspective of developing and developed countries. He
argues that the ideologies of the responsible states suit their
personal benefits. For example, Saudi Arabia, whose economy depends solely on fossil fuels, and China, an emerging
super-power which is undergoing rapid industrialisation,
have their own interpretations regarding the contributing
factors to climate change (Vogler, 2016).
Some critics are of the notion that the western world is
complacent in the climate debate in order to prevent the
developing world from using fossil fuels as the West itself
has (Monckton, 2011). Sustainable energy options, such as
solar, wind and biofuels, are not as sustainable as they might
seem since they require large tracts of land and reduce the
production of food crops, which will only allow developing
countries to advance slowly (Monckton, 2011).
Regarding structural change and climate politics, there is a
contentious debate regarding what kind of power is suitable to regulate the actions of other nations which contribute to the emissions of GHGs. In this chapter, two types of
power are discussed: relational and structural power. Both
kinds of power are effective in changing the actions of others. However, the first type of power tends to use violence
and strong economic capacity to suppress and manoeuvre
other countries to facilitate change (Vogler, 2016). In the
context of a delicate issue like climate change, the use of
force may not be the best option.
However, adopting a diplomatic stance where negative
human actions (burning of fossil fuel, population growth,
deforestation) are linked to the occurrence of natural phenomenon (Asian tsunamis, the melting of the ice fields that
cover Antarctica and Greenland, or the release of methane,
a potent GHG, due to the melting of the frozen peat bogs
in western Siberia and Canada) can serve as a precaution to
countries who are contributing greatly to GHG emissions
(Giddens, 2009). This form of power is defined by Vogler as
structural power.

climate change (Vogler, 2016). The problems of the climate
regime are due to economic growth of nations, breached
promises of aid, and the requirements of participating in
Western-dominated international economic institutions
like the International Monetary Fund and the World Trade
Organization (Vogler, 2016). In this section of the book, the
importance of a structural analysis in the context of the climate regime is well-dissected and explained.
In this book, a vast range of policy issues have been raised
regarding the limitations of the international system as well
as the possible solutions to climate change. I am of the view
that promoting green taxation will preserve and enhance
social justice and help reveal and mitigate indulgence in
activities that contribute to the GHG emissions. I believe
good policies and a concrete scientific account of the current state of the climate will help convince states to reduce
their emissions. However, a major conflict of interest is our
urgent need to protect the environment and our growing
demands for energy, which will be expensive and challenging to meet with renewable alternatives like wind and solar.
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There is also the need for an international power structure. Most cooperation to sustain international economic
regimes requires hegemonic leadership from a dominant
actor such as the United States of America (Volger, 2016).
Social and economic determinants reveal the inequity between the developed and developing worlds regarding the
mismatch between accountability for and susceptibility to
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