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Abstract. Traditional economic activities induce environmental pressures. In order to ensure sus-
tainable economic growth, one needs to decouple it from the environmental pressures. Sustainable 
growth of the agricultural sector is topical in the sense that economic activity supports rural popula-
tions, whereas the resulting environmental pressures may affect diverse groups of population. Thus, 
the analysis of water footprint related to crop farming is important in the sense of efficient resource 
use and sustainable development of agriculture in general. In this paper, we focus on Lithuanian 
crop farming and the related green and grey water footprints. Specifically, we decompose the chang-
es in the water footprints during 2000–2016 by exploiting the Logarithmic Mean Divisia Index. Due 
to the expansion of the areas harvested, the scale effect appeared as an important driver of growth 
in green and grey water footprints. The shifts in spatial distribution of area harvested virtually had 
no influence on the dynamics in either of the water footprints. The crop-mix effect was much higher 
for the grey water footprint (51% over the period of 2000–2015) than it was the case for the green 
water footprint (21%). The yield growth induced growth in both green and grey water footprints. 

Keywords: water economics, economy-water nexus, water footprint, Index Decomposition Analysis, 
Logarithmic Mean Divisia Index, crop farming, Lithuania.

JEL Classification: C43, Q15, Q25.

Introduction

The focus on economic growth and sustainability has instigated the emergence of the con-
cept of sustainability. Agricultural sector also requires solutions for sustainable growth (Zil-
berman, 2014; Zilberman et  al., 2018; Wang et  al., 2019; Lin et  al., 2019; Fedulova et  al., 
2019; Serban et al., 2017). Sustainable use of resources appears as an important direction 
for development of the whole economy and particular sectors (Song et al., 2019; Miao et al., 
2019). The primary sector is responsible for sustainable use of multiple resources, both ma-
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terial and human ones (Toma et al., 2017). Water appears an important resource needed for 
both agricultural production and human needs (Aznar-Sánchez et al., 2019; Miglietta et al., 
2018; Rosegrant et al., 2013; Chaudhry & Barbier, 2013; Arto et al., 2016). Hence, the food-
energy-water nexus appears as a focal topic in the context of sustainability (Tian et al., 2018; 
Cai et al., 2018). The United Nations World Water Development Report identified multiple 
threats to water resources and their linkages to the other ecosystems (UN-Water, 2018). 

In the context of the increasing concerns on the resource efficiency, water economics 
has become a topical issue (Drysdale & Hendricks, 2018; McCarl & Hertel, 2018; Sears & 
Lawell, 2019). The strategies for sustainable use of water in the context of crop production 
and agriculture in general have been outlined in the European Union (Richard et al., 2018; 
Papadimitriou et al., 2019; Tsolakis et al., 2018) and the other regions (Chaudhry, 2018; Bae 
& Dall’erba, 2018; Xu & Lowe, 2018). In order to adapt to the climate change, the modelling 
of water systems and economic activities is needed (Dainys et  al., 2019; Schönhart et  al., 
2018). 

The sustainability of water use in agriculture is related to multiple factors. The natural 
constraints and the resulting crop-mix imply the need for application of different technolo-
gies across different parts of the world. The economic conditions determine the demand for 
different agricultural products and trade flows which, in turn, affect the water consumption. 
The differences in the real prices of different crops (or other agricultural products) also de-
termine the production structure, revenue, and use of water along with the other resources. 
Thus, there have been a number of theoretical approaches and empirical applications de-
veloped in the domain of sustainable water use in agriculture (Velasco-Muñoz et al., 2018a, 
2018b; Aznar-Sánchez et al., 2018). 

In order to properly assess the impacts of production systems on the use of water resourc-
es, a framework involving dedicated measures and analytical tools is required. As regards the 
measures used for this end, the water footprint concept developed by Hoekstra et al. (2011) 
provides a comprehensive approach towards the measurement of the demand for water re-
sources. By disaggregating the water footprint into green, grey and blue footprints, one is able 
to track the use of water from the viewpoint of precipitation water, pollutant assimilation and 
groundwater or surface water, respectively. The latter indicator can be applied from produc-
tion and consumption perspectives. There have been a number of studies applying the water 
footprint for different issues. Miglietta et al. (2018, 2017a) applied the grey water footprint 
for analysis of water pollution in different sectors in Italy. D’Ambrosio et al. (2018) applied 
the water footprint of crop farming in a Mediterranean watershed. De Girolamo et al. (2019) 
developed a framework for dealing with uncertainties in the measurement of the parameters 
determining the water footprint and applied the approach for the case of durum wheat pro-
duction in the Rio Mannu Basin (Italy). Miglietta et al. (2017b) proposed the environmental 
Kuznets curve involving water footprint and applied it for a sample of 94 countries. Zhao 
et al. (2014) decomposed the water footprint with regards to population, affluence, urbaniza-
tion level, and diet structure for Chinese agricultural sector. 

Environmental pressures, including the water footprint, are influenced by a number of 
different factors. These factors are both structural ones and extensive ones (e.g. scale effect). 
Preparing effective measures for mitigation of environmental pressures calls for identifica-
tion of the underlying factors. The index decomposition analysis (IDA) has been applied as 
a tool for isolating the effects of multiple drivers of the environmental pressures (Ang, 2005, 
2015). Among different approaches of the IDA, the Logarithmic Mean Divisia Index (LMDI) 
has appeared as an effective technique for attributing the changes in the water footprint to 
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explanatory factors. Indeed, it also follows the theoretical requirements for such methods in-
cluding time reversal and perfect decomposition. The LMDI has been applied for the analysis 
of water footprint dynamics at the international (Zhuo et al., 2016), national (Li et al., 2017; 
Zhao & Chen, 2014) and regional (Xu et al., 2015; Zhao et al., 2017) levels. 

Lithuanian agriculture was affected by the Common Agricultural Policy of the European 
Union. In particular, the crop farming saw an increasing share in the total agricultural out-
put. This has caused changes in environmental pressures besides economic impacts. Thus, it 
is important to identify the underlying trends and factors in water footprint for Lithuanian 
crop farming. In this paper, we focus on the green and grey water footprints as the irrigation 
systems (represented by the blue water footprint) are not generally applied in Lithuania. The 
green water footprint measures the requirement for water from precipitation. The grey water 
footprint measures the requirement of water for dilution of agrochemicals applied. We use 
the county-level data for different crops. The period covered is 2000–2016. The LMDI is ap-
plied for the decomposition of changes in the water footprints. 

1. Methods and data

This section presents the major methodological approaches taken in order to isolate the 
effects of the dynamics in the water footprint of Lithuanian crop farming. First, the IDA 
identity is defined to explain the relationships between the water footprint and agricultural 
activities. Second, the LMDI approach is adapted for the case of the water footprint analysis. 
The discussed approach allows one to analyse the changes in the water footprint from differ-
ent perspectives and levels of aggregation. 

1.1. IDA identity

In this paper, we consider the green and grey water footprints of Lithuanian crop farming. 
Therefore, the two IDA identities are established for each footprint type. The water footprint 
methodology (Mekonnen & Hoekstra, 2010) suggests the footprint is dependent on the yield. 
Therefore, we account for extensive and intensive changes underlying the crop farming. Here, 
by intensive factors we mean that the water footprint might be altered without actually ad-
justing the scale of crop farming. On the contrary, extensive factors capture the effects of 
changes in the scale of crop farming.

The extensive factor is the area effect, which indicates the additional requirement or sav-
ings in green or grey water due to changes in the utilized agricultural area (with other factors 
remaining fixed). However, the crop structure varies across regions and time thus making 
the virtual yields varying across space and time. In order to account for such dynamics, we 
further consider some intensive factors.

We model the water footprints (grey and green) by considering the areas harvested, yields 
and footprint factors at the county level. Let there be indexes i = 1, 2, ..., I and j = 1, 2, ..., J 
for counties and crops respectively. Each crop is associated with a corresponding carbon foot-
print factor, fj (again, these factors vary for green or grey footprint). Let the total area harvest-
ed in hectares be denoted by A and the total are harvested in county i denoted by ai. The area 

harvested under crop j in county i is denoted by aij. Obviously, 
= = =

= =∑ ∑ ∑1 1 1

I I J
i iji i j

A a a
 
. 

Crop yields vary across the counties as we consider crop output in tonnes denoted by yij. 
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Therefore, water footprint can be calculated by applying the following relationship:

 = = = =

= =∑∑ ∑∑
1 1 1 1

,
I J I J

ij ij i
j j ij ij i

ij ii j i j

y a a
F f A f Y A A A

a a A
  (1)

where F is the water footprint (grey or green one) and Yij, Aij, Ai and A represent yield, crop-
mix, spatial distribution and scale effects respectively. Therefore, we account for changes in 
pure and aggregate crop yields. The former ones are related to short-term environmental 
shocks, improved farming practices and varieties, whereas the latter ones are outcomes of 
structural changes which are directed by economic and long-term environmental factors. 

The IDA identity presented in Eq. (1) is a static one. As we are interested in the dynam-
ics in the water footprints, we can establish a dynamic setting by introducing the underlying 
calculations for carbon footprint during time period t as follows:

 = = = =

= =∑∑ ∑∑
1 1 1 1

.
I J I J

t t t t t t
ij j ij ij i

i j i j

F F f Y A A A  (2)

Note that we assume carbon factors are fixed for the period covered in the analysis. Thus, 
IDA can be applied to decompose the change in the water footprint as follows:

 
∆ = − = ∆ + ∆ + ∆ + ∆0T

yield crop distribution scaleF F F F F F F , (3)

where indexes T and 0 denote that current and base period, respectively. As one can note, 
the footprint factors do not vary with time and, thus, they are not included as a factor of 
change in the water footprint. The remaining three effects on the right-hand side of Eq. (3) 
correspond to changes in yields ( )t

ijY , crop-mix in counties ( )t
ijA , spatial distribution of the 

area harvested across the counties ( )t
iA and scale of crop farming ( )tA .

1.2. LMDI model

The decomposition described in Eq. (3) can be implemented by exploiting different quantita-
tive techniques. For instance, Ang (2005) presented a framework for decomposition based 
upon the Logarithmic Mean Divisia Index (LMDI). The LMDI is appealing in sense that it 
ensures residual-free decomposition and is invariant to time reversal, besides satisfying the 
other desiderata. In our case, we seek to additively factorize the change in the water footprint 
with respect to the four effects. In this paper, we apply the following calculations for each of 
the effects in Eq. (3):

= =

 −
 ∆ =
 −  

∑∑
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The underlying idea for decomposition of the water footprint is that LMDI attributes 
the changes in the aggregate variable, Fij to the four explanatory factors. In this sense, the 
explanatory variables serve as weights for the decomposition. 

The changes in absolute indicators and absolute contributions of the individual effects 
are meaningful at the aggregate level. However, comparison of the contributions of differ-
ent factors at the lower levels of aggregation (e.g. crop or county level in our case) is more 
meaningful. In this case, we normalize the contributions by different factors resulting from 
Eqs (4)–(7) by the sum of their absolute values. Furthermore, the contributions are negated 
in case of decrease in the aggregate variable, i.e. water footprint. Thus, the relative contribu-
tions by different factors are obtained as follows:

 



∆ ∆ ∆ >∆ = −∆ ∆ ∆ <

∑
∑

/ , 0;

/ , 0
k kk

k
k kk

F F F
F

F F F ,
 (8)

where k denotes a certain factor, i.e. { }∈ , , ,k yield crop distribution scale . 

1.3. Data used

The dynamics in water footprint for the major crops cultivated in Lithuania is considered in 
this paper. The data on crop yields and areas harvested come from Statistics Lithuania (2019). 
The data are provided for each county. The data cover the period of 2000–2015. The grey 
and green water footprint factors come from Mekonnen and Hoekstra (2010). The analysis 
is carried out for the following crops: winter and spring wheat, winter and spring triticale, 
winter rye, winter and spring barley, oats, buckwheat, mixed cereals, maize, legumes, winter 
and spring rape, and potatoes.

2. Results

As it was defined by the IDA identity outlined in Section 2.2, the changes in the water 
footprint can be related to multiple factors. In this section, we present both dynamics in the 
absolute and relative indicators defining the footprint and the results of the IDA. The latter 
relate the country-wide and regional changes in cropping patterns and yields to changes in 
the water footprint.

2.1. Lithuanian agriculture and dynamics in the water footprint

Lithuanian agriculture has seen serious changes due to shifts in the economic conditions 
associated with the accession to the European Union (EU) in 2004. The establishment of the 
direct payments induced increase in the utilized agricultural area as well as changes in the 
crop structure. Figure 1 presents the dynamics in the area harvested for 2000–2015. 

As one can note, the area harvested declined prior to accession the EU. Following 2004, 
the logged rate of grown in area harvested exceeded the value of 3%. The economic crisis 
of 2008–2009 also affected agricultural sector in Lithuania and the rate of growth for area 
harvested became close to null. The period after the economic crisis saw a growth rate of 
more than 2% p.a. All in all, area harvested under crops enumerated in Section 2.3 increased 
from 1.19 million ha up to 1.68 million ha during 2000–2015. This indicates that the scale of 
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crop farming has generally increased in Lithuania. Accordingly, one may expect increase in 
the water footprint related to the crop farming. 

The changes in water footprint can also be driven by structural adjustment. In our model, 
we consider changes in the distribution of areas harvested across the counties (i.e. region-
al distribution) and changes in the cropping structure within the counties (i.e. crop-mix). 
Therefore, we further present the major trends in structural dynamics of crop farming in 
Lithuania during 2000–2015. Figures 2 and 3 present the dynamics in the structure of are 
harvested by taking region- and crop-wise approaches, respectively. 

The results in Figure 2 suggest that basically each county faced a change in the share 
in the area harvested during 2000–2015. The counties are arranged in descending order of 
the change in the share of area harvested. Telšiai, Kaunas, Panevėžys, and Šiauliai Counties 
saw increasing shares in the national area harvested. At the other end of spectrum, decline 
in the relative importance was observed for Alytus, Tauragė, Utena, Klaipėda, Vilnius, and 
Marijampolė Counties. 

As one can note, the steepest increase is observed for the largest agricultural producing 
counties, namely Šiauliai, Panevėžys and Kaunas Counties. Therefore, the increase in the 
area harvested occurred in areas with factor endowments and established agricultural infra-
structure. Given differences in soil quality and the crop-mix across the counties, this kind of 
structural change may also affect the water footprint of crop farming in Lithuania. 

Figure 2. The share of area harvested for each county in Lithuania (%), 2000 and 2015
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Figure 1. Dynamics in area harvested in Lithuania, 2000–2015
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The water footprints can be adjusted at both regional and crop scale. The crop-mix can be 
impacted by means of support payments. In case the relative income associated with different 
crops diverges significantly, farmers may opt for corresponding shifts in the crop-mix. The 
regional distribution of crops and area harvested is mainly related to geoclimatic conditions. 
The support payments can affect regional distribution of particular crops only in an indirect 
manner. Thus, management of water footprint is a rather complex issue involving multiple 
facets of sustainability. Figure 3 presents the dynamics in distribution of the area harvested 
in between 2000 and 2015. 

The changes in agricultural markets and introduction of the support payments under the 
CAP have affected the crop-mix in Lithuania. However, the crops have been affected to dif-
ferent extents. The share of area harvested decreased for spring barley, winter rye, potatoes, 
and spring rape. The relative importance of spring triticale, oats, mixed cereals, and win-
ter barley remained virtually stable. Finally, the share of area harvested went up for maize, 
buckwheat, winter triticale, legumes, winter rape, spring and winter wheat. The changes in 
crop-mix are obviously related to dynamics in water footprint as both footprint factors and 
yield vary across the crops. 

Yield determines the water requirements as suggested by Eq.  (1). In Lithuania, all the 
crops saw an increase in yields during 2000–2015. The steepest increase in yield is observed 
for maize (6.9% p.a.). this can be explained by early stage of cultivation of this crop in 
Lithuania at a wider scale (Figure 3 suggests its share in the total crop-mix is still relatively 
low). For the rest of the crops, the average annual rates of growth fluctuated around 2%. 
Winter rye shows the lowest rate of growth of some 0.2% p.a.

We have shown that there have been both extensive and intensive changes in crop farm-
ing in Lithuania. These shifts are often related to changes in the water footprint. In the sequel, 
we apply the LMDI approach to factorize the changes in the water footprint with respect to 
the effects outlined in Section 2.

Figure 3. The share of area harvested under different crops in Lithuania (%), 2000 and 2015
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2.2. Decomposition of changes in the water footprint

Given the trends in crop farming in Lithuania discussed above, the water footprints went up 
during 2000–2015. The dynamics for the green and grey water footprints are presented in 
Figures 5 and 6. As one can note, both of the water footprints followed the same trajectories 
in general, yet the green footprint showed more variations along the time period considered. 
In absolute terms, the green water footprint is some 20 times higher than the grey one. The 
green water footprint increased from 3754 million m3 in 2000 up to 9400 million m3 in 2015. 
As regards the grey water footprint, it went up from 123 million m3 to 393 million m3 during 
the same time period. 

The economic results of the crop farming can be quantified by considering the revenue 
generated. We apply the data from Statistics Lithuania (2019) to calculate the revenue for the 
crops covered in the analysis. Specifically, selling prices for particular crops are multiplied 
by the harvest in order to calculate the revenue. The resulting indicators can be compared 
to the water footprints in order to ascertain whether there has been decoupling between 
economic activity and the environmental pressures in Lithuanian crop farming. The indices 
for water footprints and crop revenue are given in Figure 7. As of 2015, the grey water foot-
print showed a three-fold increase if compared to 2000, whereas the level of the green water 
footprint stood at some 250%. Meanwhile, the revenue index was 284% for the same period. 
This indicates that economic results and the environmental impacts have not been decoupled 
in Lithuanian crop farming.

The average annual rates of growth vary across the two water footprints. The average an-
nual rate of growth for the green water footprint is 6.3%, whereas the corresponding value 
for the grey water footprint is 10%. The differences in the levels and changes of the water 
footprints will be further analysed by means of the LMDI. This will allow isolating the effects 
specified in Eq. (3) at different levels of aggregation. 

The analysis of dynamics in the water footprints is carried out in the chain-linked man-
ner. The results are then aggregated across regions, crop or time periods. This allows identify-
ing the general trends in the growth of the water footprints. 

Note: stochastic growth rates are presented. 
Figure 4. Changes in crop yields in Lithuania (%), 2000–2015
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Figure 5. Dynamics in the green water footprint for Lithuanian crop farming, 2000–2015

Figure 6. Dynamics in the grey water footprint for Lithuanian crop farming, 2000–2015
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Figure 7. Dynamics in the grey and green water footprints (WFs) and revenue  
from crop farming in Lithuania, 2000–2015
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Table 1. Decomposition of changes in the water footprints, 2000–2015

Water 
footprint

Scale  
effect

Spatial distribution 
effect

Crop-mix 
effect

Yield  
effect

Total 
change

Absolute level (million m3)
Green 2090 30 1186 2340 5647
Grey 85 0 139 47 270

Relative contribution (%)
Green 37 1 21 41 100
Grey 31 0 51 17 100

The decomposition based on the LMDI is presented in Table 1. The results are aggregated 
across crop, regions and years. Thus, the changes in the two types of water footprints are 
decomposed with respect to the four factors. As one can note, scale effect exerted similar 
influence on the growth in both types of the water footprints (the contributions of 37% and 
31% are observed for the green and grey water footprints, respectively). This is obvious given 
the expansion of area harvested without structural change does not lead to the changes in the 
aggregate water footprint factor and the “pure” water footprint factors remain stable across 
regions, crops and time periods. 

The contribution of the spatial distribution effect is virtually nil for both types of the 
water footprints. This suggests the changes in the aggregate crop yields and, hence, aggregate 
water footprint factors did not change due to the shifts in the distribution of the harvested 
across the counties. Crop-mix and yield effects appeared as the major ones. However, the 
extent of their contribution varies across the two types of the water footprints. Specifically, 
the yield effect played the key role in promoting the green water footprint (contribution of 
41% to the overall growth in the water footprint), whereas the crop-mix effect dominated the 
other effects in the case of grey water footprint (contribution of 51%). This indicates crop-
mix is much more decisive for the dynamics in the grey water footprints as the amounts of 
agrochemicals applied vary across the crops and the impact of yield change remains negli-
gible. The contribution of changes in the crop-mix towards the growth in the green water 
footprint is 21%. As regards the contribution of the yield effect to the growth in the grey 
water footprint, the value of 17% is observed. We further decompose the aggregate results 
presented in Table 1 with regards to different dimensions of the IDA model. Figure 8 pres-
ents the decomposition of the change in the green water footprint for different time periods. 

The decomposition results outlined in Figure 8 suggest that the yield effect pushed the 
green water footprint down in 2005–2006, 2009–2010 and 2012–2013. These cases are related 
to unfavourable climatic conditions. The scale effect is directly related to dynamics in the area 
harvested. The positive contribution to the green water footprint was observed throughout 
the period covered albeit its absolute contribution varied. The crop-mix effect remained 
positive for much of the research period indicating that there have been shifts towards water-
intensive crops in Lithuanian crop farming. We further decompose the changes in the green 
water footprint in order to identify the patterns associated with different crops and regions.

The decomposition of changes in the green water footprint across crops is presented in 
Figure 9. The results are obtained by applying Eq. (8). The three crops show a decrease in the 
green carbon footprint, namely winter barley, spring barley and potatoes. As regards the crop 
with increasing water footprints, they were mostly affected by increasing scale and yields.  
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The crop-mix affected the change in the water footprint differently depending on the di-
rection of change in the shares of different crops. The negative yield effects are observed 
for potatoes, maize and winter barley. Indeed, these crops showed upward trends in yields 
(Figure 4). Anyway, actual fluctuations in yields resulted in overall negative contribution 
towards change in the water footprint for those crops. 

The region-wise decomposition is presented in Figure 10. Obviously, the distribution effect 
plays a more important role on the latter perspective. Correspondingly to results in Figure 2, 
the steepest decline in the green water footprint due to the distribution effect is observed for 
Tauragė and Alytus Counties. The crop-mix effect contributed to growth in the water foot-
print across all of the counties covered in the analysis. This suggests that the changes in the 
crop-mix were oriented towards water-intensive crops independently of the county consid-
ered. Yield effect was equally important across the counties with exception of Alytus County. 

Note: the current year is provided in the figure.
Figure 8. Decomposition of the green water footprint across different time periods, 2000–2015

Note: the relative contributions were obtained by applying Eq. (8).
Figure 9. Decomposition of changes in the green water footprint across crops, 2000–2015
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The grey water footprint is important in that it is related to non-point pollution result-
ing from the use of agrochemicals. The crop output should be compared to the grey water 
footprint in order to gain insights into environmental sustainability of the crop farming. 
Therefore, we further decompose the dynamics in the grey water footprint. As it was the 
case with the green water footprint, we look into decomposition across time periods, crops 
and counties. Figures 11 and 12 present the results. By comparing Figures 5 and 6, one can 
note that the increase in the grey water footprint took place 2009–2013, whereas the later 
period marked stagnation. In this regard, it is important to identify the driving forces behind 
these patterns. 

Note that the decomposition at the crop ant county levels features certain common ele-
ments across the two types of the water footprint. As regards the region-wise decomposition, 
the factors entering the IDA identity are the same for both types of the water footprint with 
exception of the water footprint factor. Turning to region-wise decomposition, the relative 
effects of the spatial distribution remain the same across the two types of the footprints. 

Note: the relative contributions were obtained by applying Eq. (8).
Figure 10. Decomposition of changes in the green water footprint across counties, 2000–2015

Note: the current year is provided in the figure.
Figure 11. Decomposition of the grey water footprint across different time periods, 2000–2015
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The fluctuations in grey water footprint were negligible up until 2005. The drought in 
2006 pushed the grey water footprint down. The following year 2007 saw a rebound in the 
water footprint which exceeded the decline in the previous period. In these two instances, 
the yield effect played the most important role. The period following year 2006 also saw an 
increase in the absolute contribution of the crop-mix effect. For most of the years, the latter 
effect remained positive with exceptions for 2008–2009 and 2014–2015. The yield effect ap-
peared as an important contributor in the absolute terms during 2010–2013, yet the period of 
2013–2014 a decline the water footprint due to the latter effect. Scale effect remained rather 
stable throughout 2011–2015. The case of 2014–2015 shows that changes in crop-mix can 
completely offset the effect of scale change. These results suggest crop-mix adjustments may 
mitigate the growth in the grey water footprint.

The crop-wise decomposition of changes in the grey water footprint is corresponds to the 
one given in Figure 9. This is due to the fact that at the crop level the changes in the water 
footprint are driven by the same effects with exception of changes in the footprint factors. 
However, our model assumes constant footprint factors which rules out the possibility of the 
latter effect. Obviously, the absolute values of the individual affects vary across the grey and 
green water footprints. 

The spatial effect is slightly different from that observed for the green water footprint 
across the counties. This is due to the relative differences in the green and grey water foot-
print factors associated with different crops. As one can note, the negative effects of the spa-
tial distribution observed for green water footprint in Utena, Marijampolė and Klaipėda went 
up in the case of the grey water footprint if compared to the green water footprint. Notably, 
Alytus county shows a decline in the grey water footprint due to the yield effect which is not 
observed for the green water footprint. This is also related to different levels of grey water 
footprint factors associated with different crops. 

Note: the relative contributions were obtained by applying Eq. (8).
Figure 12. Decomposition of changes in the grey water footprint across counties, 2000–2015
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Conclusions

The water economics has become increasingly important in the European Union and the 
other regions due to the climate change and sustainability concerns. This paper developed a 
framework for assessing the water-economy-water nexus in the crop farming of Lithuania. 
The LMDI-based index decomposition analysis model was set up to identify the driving 
forces behind the changes in the water footprint of Lithuanian crop farming. Given the recent 
developments of sector induced by the EU Common Agricultural Policy, among other fac-
tors, the analysis allowed quantifying the effects of scale, spatial distribution of agricultural 
area, crop-mix and yields on the dynamics in the water footprints. Obviously, technological, 
economic and environmental conditions affected the aforementioned factors. The index de-
composition analysis model allowed to isolate particular effects and aggregate them across 
counties and crops. 

The expansion of the crop farming in Lithuania began following the accession the 
European Union. Besides extensive development, the public support allowed for improve-
ments in cropping practices. As a result, the harvest went up not only because of the scale 
effect, but also due to structural changes (in the sense of areas harvested and crop-mix) and 
pure yield growth. The average annual rate of growth for the green and grey water footprints 
were 6.3% and 10% respectively. Growth in the crop revenue did not diverge from the water 
footprint. This indicates that economic results of the crop farming are still coupled with the 
water footprint. In this regard, Lithuanian crop farming still needs further improvements in 
sustainability. 

The LMDI was applied in order to decompose than changes in the green and grey water 
footprints for crop farming in Lithuania. Due to the expansion of the areas harvested, the 
scale effect appeared as an important driver of growth in green and grey water footprints 
with contributions of 37% and 31%, respectively. The shifts in spatial distribution of area 
harvested virtually had no influence on the dynamics in either of the water footprints. Thanks 
to higher degree of differences in grey water footprint factors associated with different crops 
(if contrasted to those for the green water footprint), the crop-mix effect was much higher 
for the grey water footprint (51% over the period of 2000–2015) than it was the case for the 
green water footprint (21%). The yield growth induced growth in both green and grey water 
footprints. 

The mitigation of the growth in the grey water footprint is required I order to increase 
the sustainability of Lithuanian crop farming. The results indicate this can be done by adjust-
ing the crop-mix in Lithuania. Indeed, the Common Agricultural Policy has caused certain 
shifts in the crop-mix in Lithuania. Specifically, the areas sown under cereals have increased. 
Policy makers should take the dynamics in the water footprint into account when designing 
the public support policies. For this end, an integrated framework relating economic and 
environmental indicators should be further developed. The index decomposition analysis 
can serve as a means for obtaining the isolated effects of different factors in the dynamics in 
the water footprint. 

The index decomposition analysis identity employed in this research could be extended 
towards different directions. The revenue indicators could be directly related to the water 
footprint thus extending the scope of the analysis. The dimension of food security could be 
taken when accounting for the intake of calories and domestic consumption of agricultural 
products. Besides, the other types of footprints (ecological footprints) could be applied. The 
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present research is also limited in that it applied the aggregate data (e.g., country-wide aver-
age yields). Further research could also look at the effects of crop farming on commercial 
farms of different size classes.
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