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population below the economic threshold level and that this is provided by soil microorganisms and invertebrates was assessed
equivalent to two effective pesticide application per year for by using data on mineralization of organic matter obtained
each pest type. from field experiments (36).

N Regulation (ES2). N regulation comprises N fixation of
atmospheric N into organically bound N by the legume clover Nunin ~ 1#b#v +k +10*% kg Eq:2
and the Frankia species red alder in the CFE system and N N,,, amount of N mineralized, n total amount of N (%) in
mineralization from organic to mineral forms of N. Total fixed  sgil, 5 bulk density of soil (g me?’), vy volume of soil (cn13),
N is used by soil microorganisms and plants in a proportion of % percentage mineralization %). The percentage of organic
70 : 30 (28). Our economic valuation of N regulation includes matter mineralized in each field was calculated from this
both N used by microorganisms and plants because this permits equation by using the nutrient mineralization rate from the bait-
a comparison with data presented in Costanza et al. (1) and lamina probes. The total amount of N mineralized was
because microorganisms are important components of an agro- estimated by using Eq. 2 and was valued at USD 0.63 Kg
ecosystem. To derive the value of ES2 to the separate cropsfrom the commercial price of ammonium nitrate in Denmark.
fodder and biomass components of the CFE system, the total This estimation assumes that, if there is no soil N, then we
value of ES2 has to be multiplied by 0.3. Based on a price of would have to provide this amount of N to maintain
USD 0.63 kg** N, the commercial price of ammonium nitrate productivity. The estimates of economic value of N regulation
fertilizer in Denmark, the calculated amounts of mineralized N obtained in this study are similar to the results reported in
fixed into the separate components of the CFE system are 277 earlier study (10).

kg ha** (pastures), 143 kg ha' (crops), and 10 kg ha* Soil Formation (ES3). Soil formation was assumed to be
(biomass). Such values for the pasture and crop components areclosely linked to the activiies of earthworms and thus
well within the range found by experimental studies in Denmark dependent on earthworm density (37). Earthworm density was
(28, 29). Total fixation into microorganisms plus the three plant assessed to estimate the quantity of soil formed Ha y*%.
components of the CFE system were calculated as 690 kg Sampling was done during the spring (April 2006), because
(pastures), 345 kg ha' (crops), and 24 kg ha* (biomass) (30). earthworm populations are generally highest at that time (38).

Mineralization of plant nutrients was assessed at each site by Four 25-cm X 25-cmXx 25-cm soil samples were taken from each
using bait-lamina probes (31, 32). Probes were made in asite by using a spade and by avoiding field edges and double
workshop and were 16-cm-long, 0.6-cm-broad, and 1-mm-thick cultivation areas (39). The soil was spread onto a 2-fm
strips of rigid plastic, with sixteen 2-mm holes (33). These were polythene sheet, and earthworms were extracted by hand and
filled with a gel that comprised (by weight): cellulose (6%), placed in a collection jar. The samples from each site were
agar-agar (1346), bentonite (10), and wheat bran (10%). This stored in the dark at 10C before sorting for age class and
mixture matches the key constituents of dead plant material on species. The economic value of earthworms in soil formation
or in the soil (33). They were inserted into the soil at the same was calculated based on the assumptions that the mean biomass
locations as the predation facsimiles described above (ES1). Theof an earthworm is 0.2 g (40, 41) and that 1000 kg of
probes were left in the ground for 10 days in June 2006. Soil earthworms forms 1000 kg of soil ha® y*! (42). Thus, the
microorganisms and invertebrates consume the eebait,es and theamount of top soil created was calculated by multiplying
number of holes that are empty (partially or fully) gives a earthworm mass by the price of top soil in Denmark, that is,
relative measurement of the percentage of N mineralization (34..USD 53.6 t**. The values are within the reported range of soil
37). The economic value of plant nutrient mineralization formation values in the literature (10).

Table 3. The monetary value and field assessment of ES in pastures, cereals, biomass belts, and the CFE system.
ES value USD ha** y**
ES Pasture Cereals Biomass CIFE
Biological control of pests 13 0 12 7
N regulation: fixation and mineralization 434 217 15 294
Soil formation 11 17 — 13
Food and fodder production 216 515 0 329
Raw material (biomass) production 0 0 600 60
Carbon accumulation 37 25 60 34
Hydrological flow 76 86 42 7
Aesthetics 262 138 332 213
Pollination 85 0 85 a7
Total economic value of ES 1134 998 1146 1074
Nonmarket ES value (NMV) 918 483 546 685
NMV/ES value 0.81 0.48 0.48 0.64
Field assessment of each ES in pasture, cereals, and biomass belts
Field process and/or state Pasture Cereals Biomass
Predation rate of aphids (% removal 24 hr**) ES1 20 53 0
Predation rate of eggs (% removal 24 hr*) ES1 45 38 0
N regulation: mineralization of plant nutrients (%) ES2 14.5 16.7 17.1
Earthworm density (number m*?) ES3 104 160 0
Food/fodder (t dry matter ha*") ES4 6.1 4.1 0
Yield of wood (t dry matter ha*?) ES5 0 0 10
Carbon residue (t ha**) ES6 3.7 25 6
Water recharged into ground (mm ha*?) ES7 382 432 212
Aesthetic (USD ha*?) ES8 262 138 332
Pollination (hives) ES9 0.5 0 0.5
* The ES value of the CFE system was calculated based on the ratio of 45 : 45 : 10 as between pasture, cereals, and biomass belts.
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Table 4. ES values of six scenarios of land use in the EU25 countries based on the current land use, 100% arable or 100% pasture cover, and
percentages (10%, 20%, and 30%) CFE coverage of land. External costs (EC) were calculated based on Pretty et al. (11), but ignoring costs
attributed to a single outbreak of bovine spongiform encephalopathy. For comparison, public subsidy values of agriculture for the EU25
countries range from USD 133 x 10° y** to USD 150 x 10° y**.

ES value (USD X 10°)

Scenario MV NMV TES : (M NMV) EC ES-EC NMV/TES
Current 68 126 194 52 142 0.65
100% arable 99 94 193 66 127 0.49
100% pasture 33 177 210 29 181 0.84
CFE (10%) 57 139 196 42 154 0.71
CFE (20%) 58 140 197 38 160 0.72
CFE (30%) 54 145 199 33 166 0.73

MV market valued ES; NMV  nonmarket valued ES; TES total ES value.

Food Production (ES4). Yields of grains and pastures were by using bottom-up experimental methods are within the range
measured for 2006, and the economic value was calculated aseported in the literature (10).
the farm gate prices of these products to give totals of USD 216
ha** (pasture) and USD 515 h&* (crops). Caveats of These Methods

Raw Material Production (ES5). Biomass belts provide
wood for energy and power, and their economic value was
calculated as the farm gate prices of wood for a combined heat
and power generation plant as USD 600 h&" at USD 60 t“. ;) These methods assessed ES as a sssnapshots in time, but, as

Carbon Accumulation (ES6). The amount of plant and more and better information becomes available, better
root residue was estimated in each CFE category as 1.5 times  estimates of the total value of these ES can be obtained, and
the crop grain yield, with 40% of this being carbon (43). This how they may change with time.
was used to calculate the economic value of carbon accumu-ii) There is evidence that ground-level predation in some crops

Estimation of the economic value of ES in this study is limited
for a number of reasons:

lation in each category. The economic value of carbon can reduce pest populations to such an extent that a yield
accumulated by crop and root residue was estimated based on increase results (51). This was not accounted for in this
USD 10 t** of carbon accumulated (45). study. Also, the level of biological control estimated in this
Hydrological Flow (ES7). The economic value of this ES study is based on only one of the many ecological guilds of
was calculated by estimating the input (rainfall and irrigation) predators and parasitoids that are potentially active in
and output of water (46) and the amount of water that was crops, so the potential total value of biological control in
recharged into the ground in each category (47). The cost of arable fields is likely to be higher than the minimal value
applying water was calculated at the rate of USD 20 for 200 mm presented here.
water ha‘l. The water recharged into the ground is estimated /i) The predation rates recorded in this study with eprey
and valued from the cost of applying water to give the economic surrogatesee provided useful estimates of the phenomenon of
value of this ES for each field. predation, given that use of living, mobile prey is technically
Aesthetics (ES8). There was no direct method available to very difficult. Absolute rates of predation calculated here

estimate the economic value of this ES. However, estimation of ~ May not accurately reflect real field rates. However, they do
the aesthetic value of landscape on Swedish arable farms (48) Provide a useful comparative measure (19, 20, 51).

were found to be USD 138, 262, and 332 ha’{ for cereals, iv) We attempted to use the best possible method to rapidly
pastures, and wooded arable landscapes, respectively, by usinga assess N regulation (ES2) at the field level. However, this
contingent valuation method. We used these values as a method only gives a relative measurement of rates. As other
standard value of aesthetic services provided by Danish arable ~ Methods become available, we expect a better estimate of
farms, because they are similar to Swedish arable farms. Other this ES.

methods, for example, willingness to pay, and other regions, ¥/ Extrapolation from bait removal to N mineralization is
such as the Yorkshire Dales National Park (UK) were found to being considered here based on a study by Kratz (31). This
have aesthetically based landscape values of about USD 140y can only be considered as a crude approximation and
(49) (2006 prices), but we chose the Scandinavian values as more ~ introduces errors, depending on several factors, such as
representative of landscape appreciation in Denmark and the ~ témperature, moisture content, pH, and compaction of soil.

relatively high land prices in this country. However, it provides a useful estimate. Some studies (52)
Pollination (ES9). The economic value of this ES was noted higher N mineralization rates than the ones obtained
estimated by using the direct cost incurred by farmers to buy a I this study.

pollination service by hiring honey-bee hives for the period of
pollination. The economic value of this ES is considered as zero
for the fields where the crops do not require pollinators. Crops
that require pollination cover about 30% of the CFE system,
and this level of pollination could be provided by one hive of To calculate the ES of current and possible future land use in
bees, which costs USD 170°% (50) and is partitioned equally the EU25, we examined six scenarios of current and possible
between the clover pasture and biomass belts. land use in European farming, the results of which are reported
The whole notion of using naturees services or ES onin Table 4. The scenarios were the followingi) the current
farmland is to replace external inputs that have high external EU25 areas of arable and pasture as defined by statistics from
costs (11). The economic value of these ES on farmlandthe Food and Agriculture Organization (53), ii) a scenario in
provides useful information that can be used for maintenance which all cultivated land was used for arable cereal production,
and enhancement of these ES. The values estimated in this studyii) that all cultivated land was used for pasturejv) a scenario

Calculation of the ES of EU Supported Agricultural Primary
Production
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