The waterfootprint of crop production in Belgium
Anne Gobin'*

Abstraet: The water footpring concept (Mekonnen and Hoelksira, 2010} hag created preat awareness of susiainable
watfer wge and water consumpdion. In Belpium 73% of the total water footpring of consumypdion iy agsociated with pland
and animal products, while only 23% of the total water fooipring of national production is attributed to crop production.
The objectives of this study are to quantify the green water foofpring and ity cariability for the major arable crops in
Belpium apaingt the wider concepds of the water fooipring of nationa production. A regional dynamic crop model
geared fowands climate impact on Biomass producion, REGC ROFP (Gobin, 2010}, was run fo caleulate the crop waler
use for siv major arable crops during the period 1985-2012. The water fooiprint of nafional crop produciion in Belgium
ix subject io a larpe variability owing fo cariability in both crop water use and yield between soily and between years.
The preen waier fooipring of seed and prain crops iz larger than tuber and root crops, and depends on éhe proporiion
of marketable produce fo biomass produced per surface area. The total annual actual water use of arable crop
production averages ai 379 liresday capui-! for the period 1955-2012, represending 50.5% of the total preen water
footprint of production in Belgium. Water use and water availability should become more infeprated when evaluating
cropping systems for their sustainable water uze.
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Riassunto: Il concetio di impronia idrica ha creaio prande consapevolezza sull’uso sostenibile ed il consumo dell'acqua.
In Belgio il 75% dell'impronta idrica tofale del consumo & associaio alle produzioni vegetali e animali, fuitavia solo i
23% dell'impronta idrica iotale della produzione nazionale & attribuita all’apricoliura. Gli obiettiol di questo studio sono
di quantificare limpronda idrica verde e la sua cariabiliia per le principali colture seminative in Belgio contro la
concezione piil ampia di impronta idrica della produzione nazionale. Un modello colturale regionale dinamico, pensaio
per valutare Vimpatto climatico sulla produzione di biomagse, REGCROP (Gobin, 2010), & staio applicato per il caleolo
del consumo idrico delle gei principali colture, nel periodo 1955-2012. Limpronta idrica della produzione agricola
nazionale del Belgio & sopgetta a una forte cariabilita a causa della cariabilita gia del consumo idrico delle colture che
della resa, tra suoli differenti e negli anni. Limpronia idrica verde delle colture da seme e dei cereali & maggiore rigpetio
a quella dei tuberi e delle radici e dipende dal mpporio della produzione commerciabile con la Fomassa prodotia per
unita di superficie. 1l consumo fotale annuo gffeitivo di acqua delle colture seminative & sfato in media di 379
litri/glornofpro capite per il periodo 1955-2012, pari al 50,5% dellimpronta idrica verde fotale della produzione del
Belpio. Luso dell aciua e la sua disponibilita dovrebbero essere maggiormenie infegrate nel momenio in cui vengono
calutati i sistemd colturali in termini di uso soztenibile dell acqua.

Parole ehiave: impronia idrica, Belgio, seminativi.

INTRODUCTION

Belginm is a small but densely populated country.
Its strongly globalized economy and transport
infrastructure at the heart of a highly industrialised
region in Europe helped make it the worlds 15®
larpest trading nation in 2007. Amongst Belginum’s
main imports are raw  materials, chemicals,
pharmaceuticals, machinery, foodstuffs and oil
products. The Westem lifestyle, and in particular a
high-meat diet, result in a very large average water
footprint of national consumption of around 1858
miyr! per capita (Mekonnen and Hoekstra, 2010),
of which a small fraction is supplied through own
resources. Belginm has a higher footprint than its

surrounding conntries, with the exception of
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Luxemburg (Fig. 1). Belginm’s total waterfootprint
amounts to nearly 19,6 billion m?, which represents
5171 litres per person per day. The figures by
Vincent ef al, (2011) are slightly higher but for
reasons of international comparison the data
provided by Mekonnen and Hoekstra (2010) are
nsed here. Thongh Belginm has a temperate
maritime climate, fresh water resources are limited
in availahility dne toa combination of high demand
and limited supply. Large impermeable surfaces
hinder water infiltration and groundwater
replenishment. In addition, a large proportion of
surface and subterranean water are polhited. The
water consumption exceeds own resources, and is
therefore dependent on the water resources of
other conntries. Supply chains can be clearly traced,
and the external impacts can be related to the
producing countries.
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Fig. 1 - The water footprint of national DClELEIlEl‘IPtICll‘l (total, in-
ternal and extemal) for several conntries (in m?yr" caput!) [data
sonree : Melommen and Hoelstra, 3010,

Fig. 1 - Witer foofprint del consume nadonale (fofale, inferne
mrw;&vnn_lp.@rrfiwj Ilmsh_'m"."mun pro-capife) | fonfe: Makon-
nen e Hodksive, 20141).
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Fig. 2 - Breakdown of the water footprint for consnmption
in B‘-r:lgium (in 107 m”._'.'r'] [data source: Mekonnen and

Hoekstra, 2010).
Fig 2- Suddivisione del u‘rr!?rﬁ:'r:-pﬁuf dd comsumo in E#I,'_';:'r:'
(10F mYanna ) (fonte: Mekonnen e Hoelsira, 2010).

The majority of the total water footprint is
associated with the consumption of plant and
animal products (75% or 3879 litres), while
consumption of industrial products accounts for
1199 litres per person per day and domestic use for
93 litres per person per day. The water footprint
for consumption is largely connected with
impaorted agricultural products (73%), followed by
industrial production (Fig. 2). The figures for
agriculture are made of crops and livestock; the
latter includes grass, drinking water, and water
used for service purposes (such as the cleaning out
of stables). Since many crops are used as animal
feed. the real [mpaf_t of raising livestock is
llnderﬁl:[matﬂ'l The crops that contribute to half
of the external crop water footprint are mainly
wheat, cotton, soya and coffee. The crops that
contribute mostly to the internal water footprint
are wheat, sugarbeet, barley, potato and maize.
The largest water footprint related to livestock is

Fig. 3 - Breakdown of the water footprint in Belginm at-
tributed to national production (in 10° m? yr') (data souree:
Melkonnen and H Ewt‘ra.‘llllﬂ]. ’

Fig. 3 - Suddivisione dd water foaptint del consumo in Begio
attribuito alls produzione nazionale (1F mYanne | (fonte:

Mekonnen ¢ Hodestra, 20140)

associated with milk production; more than half of
the livestock products are imported. Wheat is the
import that contributes most to the external water
footprint with France as main supplier, followed by
Germany and Canada. The second largest
contributor, cotton comes main ly from India. Soya
and coffee are mainly imported from Brazl.
The water footprint of national production is
heavily influenced by industrial production
representing 693 litres per day per person
representing 41% of the total national footprint.
The water footprint of livestock production is 511
litres per day or 30% of the total water footprint,
while it amounts to 387 litres per day for crop
production or 23% of the total water footprint.
Domestic water supply only accounts for a small
proportion in comparison fEI? litres per person per
day or 6%). The breakdown of the water footprint
into green, blue and prey shows that the green
water footprint is largest for crop production (77%)
and livestock production (grazing; 89%), while for
industrial production and for domestic water
supply the shares of the grey water footprint are
the largest with 88% and T9% respectively. Overall
this results in a slightly larger share of the grey
water (46%) than the green water (44%) to the
total water footprint.
The agricultural sector is part of 2 much broader
agro-business complex that includes  food
processing. bio-energy and bio-based chemistry.
With 26.3% or slightly more than 800 km?® of the
country in 2012, arable cropping constitutes an
im portant element in the Belgian rural landscape;
grassland covers another 600 km?. The major crops
in terms of area are winter wheat, potato, grain
maize, sugar beet, winter barley and winter oilseed



Moisture content (vol %) at

Texture a9 9 Ko Bulk density  Wilting Field Saturatiom
Sand  Clav  {mm h™) (g em™) point capacity

Loamy sand 82 G 91.3 1.44 57 12.1 45.7

Silty loam ) 13 13.9 1.35 1000 33.0 45,9

Loam 30 25 9.7 1.40 16.4 31.9 47.2

Tah. 1 - Sail variables for the most commeon soils for arable cropping in Betium (Santon and Bawls, 2006). Textures are hased

on TSDA classifications.

Tah. 1 - Variahili del suolo per i prinripuh' suoli per le colfure seminafive coltivate in Be!giu {Sacton e Ravels, 2006). Le

fesypiture sono basate sulla classificazione USDA

rape. Arable crops in Belginum are predominantly
rainfed. The ohjectives of this study are to quanti

the preen water footprint and its variability for the
major arable crops in Belginm against the wider

concepts of the water footprint of national

production.

MATERIALS AND METHODDS

The green water footprint I:“WFPW,,} was calculated
for the six major agricultnral crops in Belginm nsing
meteorological and yield data series for the 1988-
2012 period. The green water footprint is the green
component of the water footprint (Mekonnen and
Hoekstra, 2010), and reflects the water use per
harvested crop.

10. ¥, ET:
WFP e =—f—£'

Where ET, is the daily evapotranspiration in
mm.day!, accnmulated over the length of the
growing period (Igp. in days). The factor 10 converts

water depths in millimetres into water volumes per
land surface. The nominator reflects crop water use
in m*ha”, whereas the denominator (Y) is crop yield
in tomnes.ha! as available from the statistics office
for the different agricultural zones in Belginm
during the 1988-2012 period.

For the most dominant soils per crop (Tab. 1) a
regional dynamic crop model geared towards
climate impact on biomass pmoduction, REGCROP
(Gobin, 2010; Gohin, 2012}, was run to caleulate
the daily crop evapotranspiration. Crop growth is
simulated from planting dates  until the
acenmulated thermal units equal the reguired
potential thermal wnits (PTU in Tab. 2). The
amount of solar radiation intercepted depends on
the seasonal distribution of ambient temperature
and moisture supply in both soil and atmosphere.
Phenological development is confined to cro
specific threshold temperatures which form the
boundaries of phenological activity. The potential
evapotranspiration was calenlated according to the

Crop Surface Area Average PTU PET soil
{kmn®) (t'ha) (=) {mm) (Tah.1)
Winter Wheat {(WW) 1935 « 118 50+ 09 17040 592 « 41 Sil & L
Sugar beet (SB) 593 + 155 66.7 + 8.6 1800 610 « 43 S5il & L
FPotato (FOT) 613 + 105 447 + 47 1350 556+ 35 .5
Winter Barlcy (WB) 503 « 193 T4+ 0.8 1450 521 £ 34 Sil & L
Grain Maize (GM) 371 = 208 100+ 1.7 1300 525 + 42 LS
Oilseed rape (05) 66+ 28 3604 150400 B30 = 43 Sil & L

Average area and vield are calculated at national level. PTU is potential thermal units. PET is

potential evapolranspiration.

Tahb. 2 - Variables related to deter mining the water E:.-c:dprin.t af crop pmr[uuti.cm in Bdgium. Average and standard devia-

tion are for the period 1958 -2012 (25 vears).

Tah. 2 - Variahili uﬁ!:'::afeper I deferminazione del uuﬁ'-.rﬁ:r.:fpriuf delle pnx'.fu::'w;e u'f_;rinﬂa del Beff_;s'r.:'. Media e deviadone

standard si riferiseono al periodo 19882012 (25 anni |
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maodified Penman-Monteith algorithm (Allen et al.,
1998) from radiation, temperature, wind speed and
dew temperature, and varies within the crop
prowing season and with the vear during the period
1988-2012. The crop rooting depth and water
retention characteristics determine the maxmum
available water that can be stored by the soil and
the crop determines the amonnt that is available to
the plant.

RESULTS

The f:ﬂmptll:at[ans af crop evapntransp[rat[an
required for the estimation of the green and blue
water footprint in crop production, were simulated
with the REGCROP modelling approach. The
dynamic water balance computes a daily soil water
balance and simulates crop water require ments and
actual crop water use. Since less than 5% of
agricultural land in Belginm is irrigated, most of the
nternal crop water footprint is related to green
water. which is the crop water use under rainfed
conditions.

The seasonal sum of PET is highest for oilseed rape
and sugar beet, and lowest for winter barley (PET
in Tab. 2), and is explained by the growing season
length and period of the year. The crop water use
requires the modelling of crop daily evapo-
transpiration during the entire prowing season. The
maximum evapotranspiration rate is realised when
the root zone is well watered and the soil surface is
wet. The crop water satisfaction (crop coefficient)

follows a growth curve from emergence to
scenesence and depends on the crop type, its
growth stage and canopy cover (Fig. 4). Prima facie
winter grown crops such as cereals and rapeseed
may have a comparatively larper crop water
satisfaction but their growth characteristics such as
the presence of dormancy are different from
summer grown crops. The growth progress is
expressed in percentage of the prowing season (Fig,
4) and not in acmal length so that shorter crop
cycles require less water nse. When water supply to
the crop roots is insufficient, the actnal evapo-
transpiration is reduced, and a water deficit
develops in the crop, i.e. crop water stress, whereby
the prowth of the crop will be reduced pro-
portionally. These dynamics enable the estimation
of the consumptive use of water. The crop water nse
is largest for sugar beet followed by potato, and
smallest for maize.

Yields vary between years and between agricultural
regions in Belginm for the different arable crops
(Fig. 5). Winter cereals are predominantly grown on
loam and silty loam soils where wheat vields are on
average 8.2 + 0.9 ton'ha and winter barley 7.8 £ 0.9
tonha during the period 19588-2012, which is higher
than the national average for the same period (Tab.
2). More than 60% of sugar beet and T0% of oilseed
rape in Belgium is harvested on loam scils with
sugar beet vields averaging at 68.3 £ 9.2 ton/ha an
oilseed rape at 38 £ 0.5 ton/ha. Potatoes are
cultivated on slightly sandier soils vielding 46 £ 5
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ton/ha or 3% higher than the national average. Most
of the maize occurs on sandy soils reaching an
average yield of 103 £ 22 ton/ha; the yield
variability is larpest for maize.

The green water footprint of the six major arable
crops, calenlated using Eq. 1, shows that cilseed has
a considerably larger green water footprint as
compared to the cereal crops winter wheat and
winter barley (Fig. 6). The root crops potato and
sugarbeet have the lowest green water footprint
owing to the relatively larpe tonnage of yvield per
season. The results are very similar to the data
provided by Mekonnen and Hoekstra (2010), which
is not so surprising since a similar method was nsed
to calenlate crop evapotranspiration. The nation
wide annual actual water nse for the period 1955-
2012 is largest for wheat (6386 = 19.9 Mm3yr),

followed by sugar beet (341.3 = 5.8 Mm3yr') and
potato (199.3 = 7.1 Mm? yr!). The lowest annual
actnal water use is for cilseed rape (233 = 1.1
Mm?yr?), maize (110.5 = 14.7 Mm?yr') and barley
(124.7 £ 8.6 Mn.yr') production in Belginm. The
total annnal actual water use of arable crop
production amounts to 1438 £ 57.3 M yr! oran
equivalent 379 litres.day-.caput! for the period
1988-2012 representing 50.5% of the total green
water footprint of production in Belginm.

DISCUSSION

The resnlts show that there are considerable
differences in crop water use, yield and the green
water footprint of six different arable crops in
Belginm for the period 1988-2012.

The period of the year during which the crop is

Fig. & - The green water
footprint of the most impar-
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wn has a considerable influence on its water nuse.
Rapeseed and cereals are predominantly prown as
winter crops and during their growing season
temperatures are moderate and rainfall is more
available. Sugar beet and potato are grown during
the summer period and are in addition highly
sensitive to water stress. These dynamics are
captured by the crop water satisfaction (Fig.4) and
the water balance.
The physical pmcess behind crop water consumption
is the process of actual evapotranspiration. The water
use is around 200-300 ¢ water transpired per g dry
matter produced in C4 crops (maize) compared to
usually more than 500 g in C3 crops (the five other
crops). The relative difference in water use effidency
is reflected in a lower water footprint for grain maize
as compared to other cereals, despite the fact that
maize is enltivated during the summer which leads to
a higher water consumption. With rising CO.
concentrations water use efficiencies are reported to
enhance in both C4 and C3 crops.
The harvested crop product and its proportion of
the total biomass greatly influence the water
footprint. Root and tuber crops therefore have a
much lower water footprint as compared to grain
and seed crops. When taking straw harvest into
consideration, the water footprint of cereals is 40 to
45 % lower (own caleulations). Harvesting green
crops or harvesting a large share of the biomass
produce reduces the water footprint further, but
larpely depends on the marketable product for the
food, feed, fibre or fuel dhain.
When the same crop is compared for different
environments, not only the apparent differences in
productivity (Fig. 5) but also the water consumption
in the entire agro-ecosystem have important effects
on the water footprint. Some crops are deep rooting
and offer a better root network to water infiltrating
into the soil. A water stress factor that takes into
acconnt water availability from deeper soil layers,
groundwater contributions or run-on from adjacent
fields conld alter the water footprint caleulations
and advocates the introducton of a water-
availability-at-the-basin approach to the concept of
the water footprint.
The water nse nnder rainfed conditions is limited
by dronght in Belgimm and, consequently, water
use drops below the requirements for optimum
vield. As a result the irrigated area is increasing
parl‘:umlarlv for potatoes as a better quality crop
can be harvested after adequate water supply
during the season. In the majority of cases
farmers invest in irripation for vegetables and

potatoes for the fresh market. This trend will

necessitate recalenlations to include the blue
water footprint.

CONCLUSION

The water footprint of national crop production in
Belgium is subject to a large variahility owing to
variahility in both crop water use and yield
between soils and between years for the period
1958-2012. Since arable crop production is rainfed,
the green water footprint of the arable crops can
be used as a basis to caleulate the water footprint
of derived crop products based on product valne,
fractions and processing steps (Hoekstra and
Mekonnen, 2012). The water footprint concept has
created awareness of crop water use and su-
stainable water consumption. To this extent water
use and water availability shonld become more
inteprated when evalnating cropping systems for
their sustainable water nse.
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