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Introduction 

This communication is a technical report on the testing of the biophysical criteria as a tool to 

delineate Less Favoured Areas (LFA) in Denmark. Under Danish conditions only two of the eight 

biophysical criteria are relevant for delineations of agricultural areas with severe natural handicap. 

The two criteria used in Denmark are: drainage and texture. 

To exclude agricultural areas where the natural handicap has been overcome (through irrigation or 

drainage the soil has been improved, and thus the yield or standard gross margin, SGM, is above 

member state average) the concept of fine tuning has been tested. We have tried to perform fine 

tuning of the areas that were originally pointed out as having natural handicaps according to the 

biophysical criteria. We have used statistical information on irrigation, artificial drainage, yield and 

SGM to exclude areas having natural handicaps.  

Finally we propose to use root zone capacity as an alternative to soil texture as criteria for 

designating areas as LFA. 
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Summary 

This communication is a technical report on the testing of the biophysical criteria as a tool to 

delineate Less Favored Areas (LFA) in Denmark. The criteria are proposed by the commission. 

Regarding the choice of using the LAU2 units as the level of delimitation, we would like to stress 

that this is an administrative level and the work is done on biophysical criteria. An obvious choice 

of scale would be a 90 meter grid since a pan-European digital elevation model is available at this 

scale. 

Under Danish conditions only two of the eight biophysical criteria are relevant for delineations of 

agricultural areas with severe natural handicap. The two criteria used in Denmark are: drainage 

and texture.  

108 LAU2-units have been designated as LFA using the initial two criteria applying for Denmark. 

Relatively large areas with very low yield potential were not designated as LFA. 

To exclude agricultural areas where the natural handicap has been overcome (yield or standard     

gross margin, SGM, is above member state average), the concept of fine tuning has been 

introduced. We have tried to perform fine tuning of the areas pointed out as having natural 

handicaps according to the biophysical criteria. We have used statistical information on irrigation, 

artificial drainage, yield and SGM to remove the areas, where the natural handicaps have been 

overcome, from the LFA assignment, see Figure 1. After fine tuning, 28 LAU2 units qualified as LFA. 

Our attempt to perform fine tuning of the areas pointed out by the biophysical criteria has  

revealed a problem with using SGM and livestock density as they have no relation to areas with 

natural handicaps for agricultural production. The present SGM and livestock density reflects the 

agricultural policy rather than the conditions given by nature. 

We propose to use root zone capacity for winter wheat (most common crop in Denmark) on 

agricultural areas in rotation as an alternative to the biophysical criteria put forward. This criterion 

very clearly delineates the poorest soils with the most uncertain conditions for agricultural 

production in Denmark, and this criterion needs no fine tuning. 
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Danish summary 

Denne rapport beskriver afprøvningen af de biofysiske kriterier, som kommissionen har foreslået 

som et redskab til at afgrænse landbrugsområder med naturlige handicap (LFA) i Danmark.  

Vi mener, det er meget uhensigtsmæssigt at anvende LAU2-enheden som niveau for afgrænsning, 

da det er et administrativt niveau, og arbejdet udføres på biofysiske kriterier, som ikke følger disse 

administrative grænser. Et mere oplagt valg af størrelse vil være 90 meter grid, da en 

paneuropæisk (global) digital højdemodel er tilgængelig på denne skala.  

Under danske forhold er kun to af de otte biofysiske kriterier relevante for afgrænsninger af 

landbrugsområder med naturlige handicap for produktion. De to kriterier, der kan anvendes i 

Danmark, er jordens dræningsgrad og jordens tekstuelle sammensætning.  108 LAU2 enheder er 

blevet udpeget som LFA, heraf er de 104 udpeget på baggrund af ugunstig tekstur. 

Vores konklusion er, at de biofysiske kriterier, der er fremsat af Kommissionen, er uegnede som et 

redskab til at afgrænse landbrugsområder med naturlige handicap i Danmark, idet områder med 

meget dårligt dyrkningspotentiale ikke udpeges.  

På en del af de udpegede områder har landmændene fundet metoder til at overvinde det såkaldte 

naturlige handicap f.eks. ved vanding af tørre lokaliteter eller dræning af vandlidende jorder. Vi 

har forsøgt at udføre ”fine tuning” af de områder, der i første omgang er udpeget som LFA i 

henhold til de biofysiske kriterier, ved at bruge statistiske oplysninger om vanding, om kunstig 

dræning, gennemsnitlige udbytter og dækningsbidrag, for at fjerne de områder, hvor de naturlige 

handicap er overvundet, fra udpegningen. Efter fine tuning blev 28 LAU3 enheder udpeget som 

LFA (se figur 1). 

Den rumlige fordeling af de statistiske data, som anvendes til fine tuning, har ingen sammenhæng 

med de naturgivne betingelser for landbrugsproduktion, men er snarere et resultat af årtiers 

landbrugspolitik. 

Vores forsøg på at gennemføre fine tuning har afsløret et problem med at bruge dækningsbidrag 

og husdyrtæthed, da de ikke har nogen sammenhæng med områder med naturlige handicap for 

landbrugsproduktion.  De nuværende dækningsbidrag og husdyrtætheder afspejler 

landbrugspolitik snarere end naturens betingelser.  

Vi foreslår at bruge rodzonekapacitet forvinterhvede (mest udbredte afgrøde i Danmark) som et 

alternativ til de biofysiske kriterier fremsat. Dette kriterium beskriver meget klart den fattigste 

jord med de mest usikre betingelser for landbrugsproduktion i Danmark. 
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Figure 1 LFA combined criteria after fine tuning on LAU2 level 
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Current Article 20 LFA scheme in Denmark 

Denmark has at present no areas pointed out under the LFA naturally handicapped criterion. 

The present delineation of areas with specific handicaps, Figure 2, is made on the basis of 

permanent natural and geographical handicaps that result in higher production and transport 

costs. All islands with an area of less than 600 km2 on which adverse natural conditions 

contribute to a farming income below the national average have been selected. 

 

Figure 2 Present LFA delineation 
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If we compare the areas designated as LFA with specific handicaps, with the areas designated 

as LFA with natural handicaps there is an overlap at the island of Læsø. This overlap 

comprises of 2,,462 ha, see table below. 

 LFA, Specific 

handicaps 

LFA,  Natural 

handicaps 

LFA,  Natural 

handicaps, with 

fine tuning. 

Overlap 

Area, Ha 58,196 246,566 9,582 2,462 
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Delineation of the agricultural area 

Delineation of the agricultural area is based on the Land Parcel Information system (LPIS) 
from 2008. The calculation of agricultural area in each LAU2-unit is based on data from the 
application for subsidy according to the Single Payment Scheme.  The area is geographically 
positioned according to its field block. 

Administrative unit LAU2  

The analysis is presented at the administrative level LAU2. In Denmark this is the parish level, 

and there are all together 2,357 parishes in Denmark.  

Many of the analyses are done in much more detailed scale and then aggregated for 

presentation.  

A number of the LAU2 units have masked out due to very low agricultural activity. The 

thresholds used are: Agricultural area < 50 ha or agricultural area < 5% within each LAU2 

unit.  

In 192 of the LAU2 units there is no significant agricultural activity, see Figure 3. 

 
Figure 3 In 192 of the LAU2 units there is no significant agricultural activity 
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Areas identified as 'Naturally Handicapped' 

 
This document describes the Danish method for delimitation of areas affected by natural 
handicaps to agriculture. 
 
There are eight criteria used to delineate handicapped areas: 
 

1. Low temperature 
2. Heat stress 
3. Poor drainage 
4. Texture and stoniness 
5. Rooting depth 
6. Chemical properties 
7. Soil water balance 
8. Slope 
9. Combined map 

Ad 1 Low Temperature  

Denmark is not in the low temperature zone. 

Ad 2 Heat Stress 

Denmark has no heat stress (only 10 days in total over the last 100 years have been >35 °C).  

Ad 3 Poor Drainage  

We have access to one mapping of the wetlands compiled in the eighties on the basis of old 

topographic maps from the beginning of the 20th century, and we assume hydromorphic 

conditions in these areas. The delineation of the wetland is done in 1:20 000. The spatial 

resolution is 250x250 meter. Only poorly drained soils within agricultural areas are 

delineated, see Figure 4. 

Ad 4 Texture and Stoniness 

The information on Danish topsoil texture is based on work done by Greve et al. (2007). 

Presence of coarselytextured topsoil 

Red areas in Figure 5 indicate the presence of coarsely textured topsoil (0-30cm). The 

definition follows the definition in FAO (2006). The resolution of this delineation is 250x250 

meter. Only sandy soils in agricultural areas are delineated. 

 

 



10 
 

08-03-2012 Delineation of Less Favored Areas in Denmark AU-Draft 

Presence of organic topsoil 

The information on organic soil is based on the results of a new survey.  Organic soils are 

defined as soils with more than 20% organic matter to a depth of 30cm, and not 30% organic 

matter to a depth of 40 cm as described in the guidelines. 70,000 ha have been classified as 

organic soils following the Danish criterion. 

The presence of organic soils is not in general considered as a handicap in Denmark since the 

fields with organic soil are among the fields with the highest economical return. Some part of 

the organic soils will - due to mineralisation of the organic material - turn increasingly wetter 

and slowly be taken out of intensive agricultural use, see Figure 6. 

Ad 5 Rooting Depth 

The rooting depth is assessed for winter wheat, as this crop is the most common crop in 

rotation and we have good data for the rooting depths on the different soil texture classes. 

The rooting depth is assessed based on the work of Breuning-Madsen (1992). Rooting depths 

from this work are modified, since we have texture information on both A, B and C horizons, 

whereas Breuning-Madsen's work is based on a two-layer soil model. Knowledge of recent 

root studies is also included in the assessments. Figure 7 shows the rooting depth on all 

Danish soils in 250x250 spatial resolutions. The rooting depth is larger than 30 cm 

throughout Denmark and is therefore by definition no problem in Denmark. 

Ad 6 Chemical Properties 

No problem in Denmark. 

Ad 7 Soil Water Balance 

No problem in Denmark. 

Ad 8 Slope 

No problem in Denmark. 
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Figure 4 Red areas indicates poorly drained soils 
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Figure 5 Yellow area indicates sandy soils (silt%+(2clay%) ≤30) 
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Figure 6 The green  areas have organic soils 
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Figure 7 Rooting depths for winter wheat 
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Combined map 
The map in Figure 8 combines all above mentioned criteria. All areas assigned as less 

favoured by either being coarse sandy, poorly drained or organic soil are coloured orange. 

Only agricultural areas are delineated. The spatial resolution is 250x250 meter. 

 

Figure 8 The orange areas are LFA 

 

 

 

 

 

The delineation should be performed at the LAU2 level. An LAU2 unit is classified as LFA, if 

more than 66% of the parish fulfils one of the above mentioned criteria. Figure 9 shows the 

classified map. 108 LAU2 units have been classified as being naturally handicapped.  
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Figure 9 Naturally handicapped areas at the LAU2 level 
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Figure 10 Shows plant available water (PAW) 
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Fine tuning 
The classification of the LAU2 units is done on the basis on detailed soil data. We do not have fine tuning 

information at this scale. The fine tuning is done using various statistical methods, each explained in detail 

in the respective paragraphs.  

Fine tuning coarsetextured areas by using irrigation 

The calculation of the amount of utilized agricultural area (UAA) that can be irrigated is based on data from 

the National Geological and Hydrogeological Well Database at GEUS. The data used include the amount of 

irrigated water permitted in 20061 and the coordinates for the placement of the well. Only permitted 

irrigation was included. 

Furthermore data from the application for subsidy according to the Single Payment Scheme were used to 

identify the farmers and the size of their fields. 

The permission is assumed to apply to the farmer, who has the largest part of agricultural area in the field 

block where the well is placed or - in case the placement is outside a field block – the nearest field block. 

For these farms, the fields are assumed possible to irrigate if the field is included in a crop rotation where 

some of the crops are normally irrigated. 

The area of the fields is then aggregated to parish level, see Figure 10. 

Thresholds: >50% of the UAA in the parish can be irrigated. 

  

                                                           
1
 Due to implementation of the new water plans some decrease in permitted irrigation can be expected  
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Figure 10 LAU2 where more than 50% of the UUA in the Parish can be irrigated (the blue areas) 



20 
 

08-03-2012 Delineation of Less Favored Areas in Denmark AU-Draft 

Fine tuning areas with poor natural drainage and organic soils 

Analysis made on the basis of data from a nationwide mapping on artificial drainage. This map (Figure 11) 

has been compiled in 1:100 000 (Olesen, 2009). 

The blue colour indicates that the majority of the parish has a 50% probability of being artificially drained. 

This map can be used for fine tuning the map of organic soils and the map showing poor natural drainage.  

 

Figure 11 LAU2 where more than 50% of the UAA is artificially drained 
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Distribution of soil types 

Figure 12 shows a soil map resampled to the LAU2 level from the original 250m x 250 meter grid map. Each 

LAU2 polygon is assigned the dominant soil type.  

 

Figure 12 LAU2 dominating soil type using the Danish Soil Classification system 

Fine tuning using yield  

The distribution of crop yields on soil types are based on standard yields for the so-called plan period 

2009/10, see Table 1 and Figures 13 and 14. Standard yields are annually adjusted proportionally to the 

average yields for the previous 5-year period as published by Statistics Denmark, i.e., for the plan period 

2009/10 the average yield for the period 2003-2007 is used. Distribution of crop and previous crop on soil 

types are based on data from the General Agricultural Register (GLR) in 2005 and 2006. The proportion of 

sandy soils that can be irrigated was estimated from data in the GEUS "Jupiter" drill database 2007 on 

irrigation permits. 
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Figure 13 Blue areas have winter wheat yields above the Danish average 

Yield hkg/ ha 
Soil type JB1 JB1 JB2 JB2 JB3 JB3 JB4 JB4  

Irrigation yes No yes no yes no yes no  

Barley 51,3 39,0 51,1 46,1 50,9 38,9 50,9 46,1  

Wheat 68,8 50,0 68,4 63,9 68,1 49,5 68,0 63,7  

          

Soil type JB5 JB6 JB7 JB8 JB9 JB10 JB11 JB12 Overall 

Barley 58,8 63,6 62,0 62,6 62,0 45,8 46,4 47,7 50,0 

wheat 82,0 86,9 85,8 86,1 85,8 62,6 63,4 64,1 73,0 

Table 1 Yield (hkg/ha) on various soil types, irrigated/non-irrigated 
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Figure 14 Blue areas have barley yields above the Danish average 
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Fine tuning using stocking density 

Figure 15 shows the calculation of livestock units in each LAU2-unit based on the number of animals (from 

the Central Husbandry Register (CHR)2) and the geographical position of the holdings (x and y co-ordinates). 

The calculation of agricultural area in each LAU2-unit is based on data from the application for subsidy 

according to the Single Payment Scheme and the geographical position according to the field block. 

In small LAU2-units with big holdings this method can give misleading results as a farm can have areas in 

more than one LAU2-unit. 

Thresholds: The livestock density of pigs and cattle is above the national average. 

 

Figure 15 LAU2 where livestock density of pigs and cattle is above the Danish average 

                                                           
2 The Central Husbandry Register (CHR) is the central database use for registration of holdings and animals. 

It is owned by the Ministry of Food, Agriculture and Fisheries and was established in 1992.  
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Fine tuning using simplified Standard Gross Margins for farming  

The data used to calculate the Standard gross margin, SGM, pr. hectare compared to the national SGM, 

originate from statistics at parish levels in 1999 from Statistics Denmark. Due to the small size of some 

parishes, these have no data. The standard gross margin pr. hectare is calculated for farms with cereals and 

other field crop farms, see Figure 16. 

 Thresholds: The standard gross margin per hectare is above the national average. 

. 

 

Figure 16 LAU2 where the standard gross margin per hectare is above the Danish average 
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Combined map after fine tuning 

In Figure 17 the poorly drained soils and the organic soils were fine tuned using drainage data and 

the information on yield, stocking density and standard gross margins. 

The coarsely-textured soils were fine tuned using irrigation data and the information on yield, 

stocking density and standard gross margins. 

Our attempt to perform fine tuning of the areas pointed out by the biophysical criteria’s has led to 

a more or less random selection of LAU 2 units, and has no relation to areas with natural 

handicaps for agricultural production. 

Figure 17 shows 24LAU2 units that are still LFA after fine tuning using the above mentioned 

method. 

 

 

Figure 17 LFA combined criteria after fine tuning on LAU2 level 
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Conclusion 
Regarding the choice of using the LAU2 units as the level of delimitation we would like to stress that this is 

an administrative level and the work is done on biophysical criteria. An obvious choice of scale would be 90 

meter grid since a pan-European digital elevation model is available at this scale, and research on this scale 

is being done both in Europe and globally. 

Under Danish conditions only two of the eight biophysical criteria are relevant for delineation of 

agricultural areas with severe natural handicap. The two criteria used in Denmark are drainage and texture.  

Poor drainage and hydromorphic soils have not been directly mapped in Denmark. Indirectly these soils are 

delineated on historical maps by the occurrence of plant communities indicating permanent or temporal 

high water table. In addition to these areas, marches, fens, peatlands and reclaimed land are considered as 

having poorly drained soils, and therefore LFA´s. The maps used to delineate these areas are in a scale of 

1:20 000 and relatively detailed compared to the LAU2 level. The quality of the delineation is considered 

good, but Denmark has been under intensive cultivation for centuries and intensive artificial drainage has 

been initiated for the last 200 years, very often with government subsidies, and therefore the actual 

drainage status of the soils is not reflected in this map. In our opinion this information is not suited for 

delineation of LFA´s since the actual drainage status of the soils is highly variable within this area. 

The task to use topsoil texture to delineate LFA´s is subdivided into two subtasks: delineation of coarsely-

textured areas and delineation of the organic soils. All maps are generated on the basis of the detailed 

topsoil texture map (Greve et al. 2007). Delineation of sandy areas results in only 102 of the 2,350 LAU2 

unit having sandy soil texture as the dominating soil textures. Delineation of the hydromorph and organic 

soils results in 88 LAU2 units. The quality of the textural data is very reliable at the LAU2 scale. 

Delineation of LFA´s using the two criteria “coarse material” and “organic” makes sense, but the strict 

criteria in combination with the spatial requirement (the LAU2 level), results in very few LFA’s at LAU2 

scale.  

To exclude agricultural areas where the natural handicap has been overcome (yield or standard gross 

margin, SGM, is above member state average), the concept of fine tuning has been introduced. One 

problem with fine tuning is that we do not have fine tuning information at the scale we have used to 

designate areas as LFA. The fine tuning is done using various statistical methods, and could from the 

farmer’s perspective, seem more or less random.  

In our opinion the conclusion is that the biophysical criteria put forward by the commission are suited as a 

tool to delineate agricultural areas with natural handicaps in Denmark. But the concepts of using the LAU2 

level disturb this picture, as it is necessary to work on pixel (90 meter x 90 meter or finer)/ farm / fields 

scale. A good example of this is the distribution of peatlands, found on LAU2 units with more than 66% of 

peat. This does not mean that we do not have coherent peat areas in Denmark, in fact we have seven areas 

larger than 10km2, and the largest covers more than 85km2 (see figure 18). 

Furthermore, the concepts of fine tuning make the final classification as LFA less objective and more 

dependent on member state data availability and decisions.  
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The criteria put forward focus to a high degree on soil properties. During recent years, the soil scientists’ 

community has focused more and more on the function of the soils and threats against these functions. It is 

important to take this work into consideration when areas are designated as LFA. Furthermore it is 

important to take into consideration the interaction between land use, soil characteristics and both 

groundwater and surface water. This is especially important in areas with intensive agricultural activity as 

Denmark. 

As a result of this we shall suggest the use of root zone capacity as LFA criterion, as this criterion in our 

opinion represents the soil function “Food production”. 

 

Figure 18 Large coherent peat areas covering more than 10km
2
 

 

Proposals for alternative criteria 
Since the criteria suggested by the commission perform poorly under Danish conditions, we propose to use 

root zone capacity (RZC) of water for winter wheat (representing cerial crops) as a sole biophysical criterion 

in Denmark.  This criterion should only be applied on soils in rotation. 

The information on the soils derives from a three layer soil information system giving information on the 

soil properties in the root zone (see Figure 7). LAU2 units with an average RZC of 100 mm or less are 

selected as LFA since plant production in these areas will be exposed to drought in dry years, see Figure 19.  
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Figure 19 LAU2 average root zone capacity 

The root zone capacity of the soil should be evaluated in combination with the precipitation in the growing 

season or even better, an assessment of the water balance.  

The use of the root zone capacity as a criterion has the advantage that it could be used in member states 

despite huge differences in soil textural classifications systems. All member states have pedotransfer 

functions for the prediction of soil water content based on the local soil databases.  
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Description of the Digital data 
Data is supplied in a Arc Map shapefile ( LFAParish.shp) 

Field Name Meaning 

Sognenavn Parish name 

Nyt_DS_SOG Parish no. 

WetPct Pct. of parish being wet 

AgPct Pct. agricultural area 

AgArea Agricultural area  

WetAgPct Pct. of agricultural area being wet 

WetAgArea Wet agricultural area 

OrgSoil Area of organic soils 

OrgsoilPct Pct. organic 

DE No. of livestock units from pigs and cattle 

SeoMajor More than 50% artificially drained 

IrrPct Pct. that can be irrigated 

Irrigation More than 50% can be irrigated 

Yield_Wh Yield in winter wheat 

Yield_Ba Yield in spring barley 

RootDpt Problems with rooting depth 

ChemPro Salinity problems 

SWB Soil Water Balance problems 

Slope Problems with slope 

CoarseTex Coarsely-textured top soils 

GrossMar Standard Gross Margins per ha, field crop 
farms 

Area Area of parish 
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