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Abstract 

Nitrogen balance is increasingly used as an indicator of the environmental performance of 

agricultural sector in national, international, and global contexts. There are three main methods of 

accounting the national nitrogen balance: farm gate, soil surface, and soil system. OECD (2008) 

recently reported the nitrogen and phosphorus balances for member countries for the 1985 - 2004 

period using the soil surface method. The farm gate and soil system methods were also used in 

some international projects. Some studies have provided the comparison among these methods 

and the conclusion is mixed. The motivation of this present paper was to combine these three 

methods to provide a more detailed auditing of the nitrogen balance and flows for national 

agricultural production. In addition, the present paper also provided a new strategy of using 

reliable international and national data sources to calculate nitrogen balance using the farm gate 

method. The empirical study focused on the nitrogen balance of OECD countries for the period 

from 1985 to 2003. The N surplus sent to the total environment of OECD surged dramatically in 

early 1980s, gradually decreased during 1990s but exhibited an increasing trends in early 2000s. 

The overall N efficiency however fluctuated without a clear increasing trend. The eco-

environmental ranking shows that Australia and Ireland were the worst while Korea and Greece 

were the best. 
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1 INTRODUCTION 

Nutrient budgets have been a valuable tool for scientists to summarize and facilitate the 

understanding of nutrients cycling in agro-ecosystems for more than a century (Oenema et al. 

2003). Nutrient balance, based on the difference between nutrients imported to and exported from 

a defined system, is increasingly being used by farmers and policy makers alike at farm, regional, 

national, and international scales to assess both the environmental impact and potential 

sustainability of agricultural systems (Gourley et al. 2007; Janssen 1999; OECD 2001b; 

Sveinsson et al. 1998; Watson et al. 2003). Nutrient budgets are also used as regulatory policy 

instruments in many countries (De Walle and Sevenster 1998). 

There were few studies which estimated the nutrient balance in the regional and global context. 

Stoorvogel et al. (1993) calculated the nutrient balances of 38 sub-Saharan African countries for 

the period 1982-1984 and 2000. The authors found out that these countries experienced alarming 

soil nutrient depletion in the years surveyed.  

Mutert (1996) studied the nutrient balances of ten Asian countries for the major crops and for rice 

alone. Negative N, P and K balances were identified in Bangladesh, Indonesia, Myanmar, the 

Philipines, Thailand, and Vietnam while positive balances were found in Japan, South Korea, and 

Malaysia.  

Shino et al. (2003) investigated the spatial distribution of nitrogen load from farmland production 

activities, human and food waste, and energy production to the environment and river system in 

23 eastern Asian countries for the period from 1961 to 2002. The results showed that nitrogen 

discharge from farmland production activities in Thailand, Vietnam, India, Bangladesh, and some 

parts of China were high.  
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Sheldrick et al. (2002) provided the global estimation of nutrient balance in agricultural sector. 

This study calculated the nutrient balances of 197 countries in 1996 and reported the balances for 

different regions in the world. Recently, OECD has published nitrogen and phosphorus balances 

of OECD countries for the period from 1985 to 2004 (OECD 2001b, 2008). These two studies are 

probably one of the latest and most comprehensive international comparisons of environmental 

performance of agricultural sectors in terms of the nitrogen and phosphorus balances.  

The motivations of and the accounting methods used in these international studies varied. For 

example, the work by Stoorvogel et al. (1993), Mutert (1996) and Sheldrick et al. (2002) 

estimated the soil system balance to measure the soil nutrient depletion while OECD (2008) and 

Shino et al. (2003) calculated the soil surface balance which was used as an agro-environmental 

indicator. The present paper considers the nutrient status of the soil system is also an important 

part of environmental analysis. Given this analytical approach, this paper believes that all of the 

three methods can be used together to provide a more detailed auditing of the nutrient balance and 

flows in agricultural production. 

The literature on the use of the soil surface and soil system methods in international contexts have 

received more investigation than the farm gate method even though some studies argue that the 

farm gate method potentially provides a more accurate estimate (see for example Oenema et al. 

2003; Van Eerdt and Fong 1998). This is possibly because the strategy of calculating nutrient 

balance using the farm gate method at the country level has not been investigated adequately. 

Motivated by this, the present paper  also proposes a new strategy of using reliable national and 

international data sources to calculate the nutrient balance under the farm gate framework. 

The paper is structured as follows. Section 2 provides a critical review on three existing methods 

of calculating nutrient balance: soil surface, soil system and farm gate. Section 3 details the new 

calculating strategy under the farm gate method for international or global comparison purposes. 

Section 4 assesses the appropriateness of this calculating strategy in terms of accuracy, 
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adaptability, and interpretability. Section 5 discusses the potential combination of the balance 

sheets of the three methods in auditing the nitrogen balance and flows. Section 6 presents an 

empirical estimation of OECD nitrogen balance for the period from 1985 to 2003. Section 7 

provides conclusion.  

2. REVIEW ON NUTRIENTS ACCOUNTING METHODS 

Nutrient budgeting of agro-ecosystems summarises the flows of nutrients inputs and outputs from 

a defined system (Oenema et al. 2003). The most important information from nutrient budgeting 

are the nutrient balance and the nutrient flows of the defined system.  

There are various ways of budgeting nutrient balance for agro-ecosystems (Goodlass et al. 2001; 

Oenema and Heine 1999; Oenema et al. 2003; Watson and Atkinson 1999). Oenema et al. (2003) 

argue that the scale of the defined system of which the nutrient balance is recorded and the 

purpose of using the information of the balance are important factors determining which 

budgeting methods should be used.  

The use of the information on the nutrient balance of regional and national agricultural systems as 

environmental performance indicators for policy analysis is becoming increasingly common 

(OECD 2008; Oenema et al. 2003; Watson and Atkinson 1999). Given this, there are three main 

methods of calculating the nutrient balance of national agricultural systems: soil surface, soil-

system, and farm gate (OECD and EuroStat 2007; Oenema et al. 2003; Slak et al. 1998). The 

balance of nutrients is computed as the difference of the total nutrients in the input terms and 

output terms. This formula is regulated by the scientific law of mass conversation. 

The soil surface method records the amount of nutrients entering the soil and leaving the soil via 

crop removal and defines the balance as the difference between the nutrients inflows to and 

outflows out of the soil surface. OECD used this approach in their latest estimation of nitrogen 

and phosphorus balance of OECD countries (OECD 2001b, 2008; OECD and EuroStat 2007).  
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There are four input items including fertilizers, livestock manure, net atmospheric deposition (= 

gross atmospheric deposition of nutrient emitted from non-agricultural and agricultural sources 

and from agricultural – deposition of nutrient emitted from domestic agricultural land via 

volatilization and denitrification processes) and biological fixation. The output side has two 

items: market crops and fodder crops and grass. Figure 1 presents the concept of the soil surface 

budgeting method. Detailed calculation framework of nutrients conversion coefficients and the 

acquisition of data on input and output quantity are outlined in OECD and EuroStat (2007). 

INSERT FGURE 1 HERE 

The soil system method records all nutrient inputs and nutrient outputs, including nutrient gains 

and losses within and from the soil. Compared with the soil surface method, the soil system 

approach also partitions the various nutrient loss and gain pathways within the soil system.  

Oenema et al. (2003) observed that this method was often used to identify the net depletion or 

enrichment of the soil system. Since the state of nutrients in the soil system determines the quality 

of land, we therefore believe that balance sheet estimated from the soil system method can 

provide useful information for environmental analysis. 

The input and output terms in the soil system include all the input and output terms presented in 

the soil surface method. The output side of soil system method, however, includes also leaching 

and runoff to the water system. The soil system’s balance sheet also details pathways of nutrient 

loss via volatilisation, denetrification as well as gross atmospheric deposition of nutrients to the 

soil system. Details of the calculating framework are discussed in some literature such as Roy et 

al. (2003) and Stoorvogel and Smaling (1990).  

The farm gate budget considers the system as a “black box” and records the quantity of nutrients 

contained in all kinds of products entering and leaving it. This simple approach has been used 

widely in farm-level, regional and national analysis. Typically the Netherlands has used this 
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approach in its officially statistical Mineral Accounting System (MINAS) which focuses on 

nitrogen and phosphorus flows on individual farms since 1998 (Ondersteijn et al. 2002)1. The 

OSPARCOM (Oslo and Paris Conventions for the Prevention of Marine Pollution) has also used 

this method to monitor the nitrogen and phosphorus discharges into to the North Sea and Baltic 

Sea from the surrounding countries (OSPARCOM 1994). Slak et al. (1998) also used this method 

to estimate the overall national balance for both agricultural and non-agricultural activities.  

There are interactions of livestock and crop production activities inside the black box. Different 

from the soil surface and soil system methods, harvested fodder crops and grazed grass consumed 

by the livestock and the excretion of the livestock to the soil are considered as internal flows in 

the farm gate method. The farm gate nutrient balance sheet therefore does not show these internal 

items. Also, under the farm gate balance atmospheric deposition of nutrients which emitted via 

volatilization is completely internalized into the black box and other nutrient outflows from the 

soil systems (i.e. denitrification, net volatilization, leaching and runoff flows presented in the soil 

system balance sheet) are all included in the reported balance. 

Input and output terms can vary depend on how the boundaries of systems are defined, (Oenema 

and Heine 1999; Smaling and Oenema 1997). This paper aims to provide a more appropriate 

method of calculating the nutrient balance which is used for international and global comparison. 

Given this objective, this paper defines the input and output terms under the farm gate method as 

outlined in Figure 2.  

INSERT FIGURE 2 HERE  

There are five main items in the input side: fertilizers, seed and planting materials, feedstuff, live 

animals, and atmospheric deposition of nutrients which are emitted domestically from non-
                                            
1 Luxembourg government used the farm gate method in its Herdbooks Systems in which farms are 
compulsorily required to use this accounting method in order to join the beef labeling scheme (Goodlass et 
al. 2001). 
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agricultural sector or imported from overseas. Fertilizers and seed and planting materials are for 

crops production while feed and live animals are for livestock production. Fertilizers include 

inorganic fertilizers and organic fertilizers (e.g. sewage sludge, urban compost, industrial waste 

products) but exclude the excretion of livestock. Live animals include animal from the opening 

stock and live animal purchased from overseas during a surveyed year.  

The output side has four main items: marketed livestock products, marketed crop products, 

closing stock and exports of live animals, and all nutrients-containing items withdrawn from the 

system (e.g. fodder crops, grass, manure exported to other countries or domestically used for non-

agricultural purposes). The next section provides detailed discussion of the new strategy of using 

this method to calculate national nutrient balance for international comparison. 

3 CALCULATING NUTRIENT BALANCE USING THE FARM GATE METHOD:  

A NEW STRATEGY 

Data on the quantity of inputs and outputs 

Fertilizers in the input side include both inorganic and organic fertilizers. Inorganic fertilizers are 

chemical mixtures such as simple mineral fertilizers (e.g. urea, ammonium, nitrate and sulphate 

etc.), complex mineral fertilizers (e.g. NP, NK and NPK mixtures) and mineral-organic fertilizers 

(e.g. calcium cyanamid) which are applied to agricultural land. Data on sales or consumption of 

inorganic fertilizers in terms of nitrogen and phosphorus content are generally readily available. 

Organic fertilizers includes domestic urban compost and sewage sludge disposed of by spreading 

on agricultural land and imports (e.g. manure imported from overseas) but excludes excreta from 

domestic livestock. OECD (2008) provides a statistics on inorganic fertilizers for OECD 

countries. National statistical offices can collect or estimate domestic and imported inorganic 

fertilizers.  
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Ideally feed should include all imported forage and the feedstuff either from domestic supply or 

from overseas (i.e. imports) but exclude crops which are not harvested for their grain, such as 

roots, tubers and fruits and are fed to animals as roughage. FAO reports statistics on feed in its 

Supply Utilization Accounts (SUAs) (FAO 2009). The feed also includes the net imports of many 

feedstuff commodities such as brans, cakes, meals, meat meals, oilmeals and other items which 

are not presented in feed and seed accounts (e.g. forage or feed supplements).  

Seed and planting materials in the input side covers all the seed and plants required for crop 

planting. Data include the amounts of seed set aside for sowing or planting during the year, 

whether domestically produced or imported. Data should be taken of double or successive sowing 

or planting when this occurs. FAO also reports statistics on seed in its SUAs. For OECD 

countries, data on seed and planting materials are readily available in OECD (2008).  

Baby and purchased breeding livestock in the input side cover two types of animals: (1) the live 

animal at the beginning of the year, and (2) the live animals that a country imports from overseas 

during a year for slaughtering and milking purposes. These data are readily available on the FAO 

website. The stock of live animals reported in FAO’s SUAs indicates the number of animals of 

the species which were present in the country at the time of enumeration. It includes animals 

raised either for draft purposes, or for meat and diary production, or kept for breeding but exclude 

live animals raised in captivity for fur or skin (FAO 2009). Data on the imported live animal can 

be derived from FAO’s TradeSTAT.  

On the output side, standard agricultural statistics can provide data on livestock products, i.e. 

meat, milks, eggs etc. plus non-commercial parts of animals such as head, skin, bones and 

intestines. These data on livestock products are generally available as well as the data for crops 

products on FAO website in its production statistics domain. 
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The closing stock and export of live animal are reported in SUAs and TradeSTAT respectively by 

FAO. The last component in the output side (withdrawals) covers all nutrients-containing items 

such as crop residues, forage, live animals, and manure which are exported aboard or are for 

domestic non-agricultural use. Statistics on exports are generally available from FAO’s 

TradeSTAT. OECD (2008) also reported withdrawals for crop residuals and manure. 

The proposed strategy of using data from FAO in this present paper differs from the way used in 

other studies. For example, we use data from FAO’s SUA accounts to measure the balance of 

nutrients from all agricultural production activities not just food production as in Shino et al. 

(2003). Van Eerdt and Fong (1998) provided a clear separation that food production is a subset of 

the total agricultural production analysis. 

Also in this present paper, feed and seed data in FAO’s SUAs are used directly as input terms 

while Van Der Hoek and Bouwman (1999) made reduction to the crop output for internal 

consumption by animals. Theoretically the balance of commodities in two strategies is identical. 

However direct use of feed and seed in our approach avoid potential errors and uncertainty in 

calculating the quantity of internal consumption of crops production.  

Another advantage of using the proposed calculating strategy is that one can also include inland 

fishery activities into the system. The input term should include breed/bait and feed used for 

fishery production while output terms should cover fish production. The SUAs of FAO also 

report statistics on production and feed and breed (or bait) in its primary fish domain.  

Data on nutrient conversion coefficients 

In order to convert the quantity of input and output data terms into the nutrient amounts, we need 

nutrient content coefficients of all individual commodities. The uncertainty of these coefficients 

is the primary cause of the inaccuracy of the estimated balance. At the farm level, the nutrient 

content coefficients can be determined quite accurately by field research. Unfortunately, at the 
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national level the coefficients are normally estimated by generalization or averaging which lead 

to loss of information and to bias. Oenema and Heinen (1999) provided a good discussion on the 

paradox of up-scaling from farm-level to country-level analysis. 

Given this paradox, however, the aim of the present study is to find a “good” strategy of using 

data. One simply defines a good strategy as the one that uses most readily available data for the 

most accurate calculation. The following discussion on the data sources for nutrient conversion 

coefficients is one example of “good” strategies. 

The nutrient content of the fertilizers are readily available on the website of FAO where statistics 

of fertilizers are reported in terms of nitrogen (N), phosphorous (P) and potassium (K).  

Ideally national statistical offices can collect nutrient content of feedstuff from domestic 

manufacturers or from importers and collect nutrient content of imported forage from importers. 

Alternatively, data on the website of FAO’s Animal Feed Resources Information System (AFRIS 

2009) can be used at no extra costs with the assumption that data do not vary between countries 

of relevant biological conditions. Supplementary information sources can be traced using 

published literature such as Braun et al. (1994), Brautigam et al. (1994), Grote et al. (2005), Slak 

et al. (1998), Stanton (1999). These data sources also provide nutrient content for some major 

planting materials.  

OECD (2008) provides a good source of nutrient content for seed and planting materials in the 

input side for OECD countries. For other countries, if data are not available, nutrient content of 

seed and planting materials can be approximated using the nutrient content of given food 

commodities.  

FAO has used nutrient content to estimate calories, protein and fat consumption in its Food 

Balance Sheets accounts (FAO 2001). Information on nutrient content in food commodities was 

used to construct the nutrients flows of international trade (Grote et al. 2005; Miwa 1992). 



 
12

Recently Shino et al. (2003) used the nitrogen content in the food composition table of Japan to 

estimate the nitrogen discharge from food production and supply to the environment and to the 

river particularly in 23 countries in East Asia for the period from 1961 to 2003. Shino et al. 

(2006) also revised the model of Shino et al. (2003) to predict the nitrogen load by 2020 

according to several scenarios on food demand which is determined by economic and population 

growth factors. In the present paper, we use the nutrient content in food commodities to calculate 

the nutrients amount in the relevant input and output terms.  

Many countries have published food composition tables which report micronutrients values (i.e. 

nitrogen content or protein content and phosphorus content) in 100 g of a particular commodity of 

edible food. There are a number of international projects which aims at constructing international 

food composition tables. These include the International Network of Food Data Systems 

(INFOODS) with many regional branches, now coordinated by FAO (Infoods 2009), European 

Food Information Resource Network (EUROFIR 2009) with the sub-regional branch, 

NORFOOD within the North European countries, International Framework for Food Description 

(LANGUAL 2009) and European Prospective Investigation into Cancer and Nutrition 

(Charrondiere et al. 2002). These resources provide a reliable source of nitrogen and phosphorus 

conversion coefficients2. For any country that data is not readily available, data on neighborhood 

countries can also be used instead. FAO (2001) also reports the international food composition 

table which was used in its Food Balance Sheet accounts. 

Data on atmospheric deposition  

The non-agricultural atmospheric deposition refers to total amount of nutrients deposited from 

non-agricultural sector such as natural lightning or other human activities. It therefore excludes 

the amount of nutrient which has been emitted to the air (via volatilization processes) and 

                                            
2 Some national food composition tables also exchange their information. This practice however makes 
food information more internationally comparative.  
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deposited back to the agricultural land. The soil surface and soil system balance sheets show the 

total of these two flows. OECD and Eurostat (2007) however noticed that no deduction was made 

for the volatilization of NH3 in the gross nitrogen balance of the soil surface method and that this 

balance has the double-counting error of the volatilization. 

Task Force on National Greenhouse Gas Inventory of Intergovernmental Panel on Climate 

Change website documents guidelines for estimating nitrogen flows emitted to the environment 

from agricultural and non-agricultural sources (IPCC 2008). The agricultural and non-agricultural 

atmospheric N deposition can be approximated equal to utilized agricultural land multiplied with 

nutrient deposition rate. The nutrient deposition rate should be country-specific as guided by 

IPCC (2006) but if not available the default values of IPCC (2009) can also be used.  

4 ASSESSMENT OF THE APPROPRIATENESS  

Accuracy of the estimated balance 

The accuracy of the method implies that the calculated balance must be of high accuracy so that 

the information of the balance provides useful interpretation. The accuracy of estimation under 

this proposed strategy depends on the reliability of the underlying basic statistics of quantity and 

nutrient content of all the commodities in the input and output terms.  

Input and output quantity data at the country level mostly are from national or international 

statistical reports. Particularly in agriculture, as widely accepted, the quality of aggregate country-

level input or output data from FAO is highly reliable and widely used.  

The highest degree of reliability of nutrient content can be obtained by using country-specific 

data. Unfortunately data in many countries are not readily accessible to researchers. Due to this, 

one may use average values of those neighboring countries where data are available to 

approximate missing values. This approximation is done based on the assumption that nutrient 
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content do not significantly vary between neighboring countries where similar patterns of climate, 

land quality and farming practice exist. The use of this approximation, however, is potentially a 

main source of uncertainty of the estimation. 

Objective assessment on the estimating uncertainty related to various input and output terms is 

presented in Table 1. The uncertainty involved with the opening and closing stock as well as the 

imports and exports of live animals is potentially high due to the fact that statistics on these items 

do not give the weight of livestock but the number of heads only.  

FAO reports two conversion rates that can be used to convert the head number to weight: live 

weight and carcass weight conversion rates. The live weight conversion rate allows the 

conversion of stock number to the average live weight of slaughtered animals. The carcass weight 

conversion rate allows the conversion of the number of live animal to the weight of the carcass 

after removal of edible and inedible parts, particularly hides and skins, offal and slaughter fats. 

The carcass weight conversion rate is smaller than live weight but varies from year to year. The 

live weight conversion rate however normally has been fixed for a certain period of time.  

Also to reduce uncertainty involved with live animals, we suggest to use statistics on net change 

= net export (i.e. equals to export – import) + net stock change (closing stock – opening stock) 

and treat positive net change as an addition to the output side while negative net change as an 

subtraction to the input side.  

INSERT TALBE 1 HERE 

Adaptability of the proposed strategy 

The adaptability of the proposed calculating strategy refers to ability that a particular country can 

adapt the method to measure nutrient balance in that country. There are two relevant issues: 

simplicity of the method and availability of data. The simplicity of the method is not only about 
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the formula of calculating the balance but also about data acquisition and handling. The 

availability of data determines the level of costs involved in the whole process of estimation.  

Data required in the proposed farm gate method include data on input and output quantity and 

data on nutrient content. FAO is a reliable and rich source for input and output data. Nutrient 

content of most output and input commodities can be derived from relevant nutritive composition 

tables. This implies that any country can easily apply this method to calculate their nutrient 

balance without huge extra costs on acquiring data. The savings in the cost of doing the 

estimation is also due to taking advantage of available information from other projects related to 

food composition tables. 

Interpretability of the calculated balance 

In order to capture the multi-dimensional nature of agricultural sustainability, the information of 

nutrient balance must deliver meaningful economic and environmental interpretations.  

Economic interpretation implies that information on nutrient balance should be used in 

connection with other economic information to deliver further information for policy design. For 

example, when a country with intensive livestock farming is compared with another country with 

intensive crop farming, the nutrient surplus of the former country might appear larger than that of 

the latter. Policy makers in the former country if wanting to compare their performance with the 

latter country can use this information together with the economic value of their production to 

incorporate environmental performance with economic performance.  

Environmental interpretation on the other hand links the information on nutrient balance with 

farming practice to address the issue of environmental management of farmers. For example, 

when we compare two countries both having mixed livestock and crop farming structure, a 

country which internalizes more manure for crop production (i.e. use less inorganic fertilizer) 
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should have better environmental performance. The nutrient balance should capture this mixed 

farming practice.  

With these interpretability considerations, the farm gate method potentially delivers even more 

valuable economic and environmental implications than the soil surface and soil system balances. 

For example, under the soil surface or soil system method, in order to reduce the nutrient surplus, 

a country can choose to reduce fertilizer supply and livestock manure. Theoretically, an easy way 

of reducing livestock manure is to scale down the size of livestock production or export the 

livestock excreta to non-agricultural domestic activities or to overseas. However, scaling down 

the livestock production is not always economically feasible, especially in those countries where 

livestock production is a main agricultural production activity of their agricultural sector or 

exporting manure are not always economically feasible.  

In addition, the use of manure for crops production as a way of abatement is implicitly ignored. 

This fails the interpretation of the balance calculated by the soil surface or soil system methods in 

connection with nutrients management practice. On the other hand, under the modified farm gate 

method, one can think of maximizing the recycling of manure from the livestock production for 

crop production activities to reduce the nutrient balance.  

5 COMBINED USE OF NUTRIENT BALANCE SHEETS OF SOIL SURFACE, 

SOIL SYSTEM, AND FARM GATE METHODS 

The nutrient balance sheet of the farm gate method can also be used in conjunction with the 

balance sheets of the soil surface and soil system methods to provide more detailed auditing of 

nutrient balance and flows. Figure 3 presents the graphical presentation of combining these three 

balance sheets. The following discussions highlight some practical uses of these interrelationships 

in the context of using the nutrient balance as an indicator or to derive relevant indicators for 

international comparison of agricultural environmental performance. 
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INSERT FIGURE 3 HERE 

The farm gate balance equals to the sum of nutrients sent to surface and ground water system (via 

leaching and run-off) plus the amount of nutrient sent to the atmosphere (via net volatilization 

and denitrification). Within the black box, some part of the nutrients emitted from the domestic 

agricultural sector (via volatilization) is deposited back to the agricultural land through the 

process of atmospheric deposition. The net volatilization after deduction made for internal flow of 

volatilization is included in the balance sent to the environment.  

One of common indicators used in the international comparison of environmental performance in 

agriculture is nutrient efficiency. This indicator is defined as the ratio of nutrient output over 

nutrient input of a given nutrient balance sheet. We argue that one should use the nutrient 

efficiency derived from the farm gate balance sheet in analyzing the effect of agriculture on total 

environment. This is because the agricultural production has influence on the atmospheric 

environment, surface water system, and ground water system via processes like volalitilization, 

denitrification, leaching and run-off of nutrients.  

Another advantage of using the farm gate balance is that one can take the ratio of total nutrient 

balance over total economic value of outputs to define a new indicator which connects economic 

consideration with environmental performance. Under the farm gate method, total economic 

value of output equals to total economic value of crop and livestock products while under the soil 

surface and soil system method the value only covers crop products.  

For those who are interested in investigating the soil nutrient state, the soil system balance is 

more appropriate than the other two methods. However the soil system balance sheets demand 

more information, particularly information on the different nutrient losing pathways.  

One can also use the information on internal nutrient inflows and outflows to measure the 

efficiency of recycling nutrients between different activities within a mixed farming system. For 
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example, internal recycling balance can be defined as internal inflow – internal outflow and 

internal recycling efficiency as the ratio of outflow over inflow. These measures indicate the 

efficiency of recycling the nutrient flows which primarily determined by nutrient management 

practice of farmers or the farming structure of a region or the whole country.  

The concept of the nutrient recycling efficiency has been extensively investigated in farm-level 

analysis (Rufino et al. 2006 and Tivy 1987). For example, in a mixed farming system, nutrient 

from livestock manure is used as a nutrient source to crops while forage is a good source of feed 

to the livestock. The farm-level recycling efficiency refers to how these internal processes are 

efficient. It is obvious that the recycling efficiency is determined by efficiency in the management 

of nutrients in livestock excreta, fertilizer, forage as well as the efficiency of applying the 

fertilizer and manure on crops. When the analysis is scaled up to a higher level (a groups of farms 

or a region), nutrient recycling efficiency does not only cover recycling efficiency on the farms 

but also relates to efficiency of the transportation, storage and application of a variety of nutrient 

sources among farms in a region.  

With the intensification of agriculture, the scale of nutrient recycling has also increased from the 

individual farm (or even a sub-farm) to a global level (Tivy 1987). At the regional and national 

level, the concept of nutrient recycling efficiency is very relevant (Granstedt 2003). However 

literature in this issue has not received adequate attention. This present study does not aim to 

discuss in depth the issues related to the generalisation of nutrient recycling efficiency from farms 

to the whole national agricultural industry. However, we propose to use the information in the 

nutrient balance sheets to derive a simple indicator of nutrient recycling efficiency.  

6 OECD NITROGEN BALANCE: A REINVESTIGATION 

In this empirical work, we calculated an estimation of nitrogen balances of OECD countries for 

the period from 1985 to 2003. Our main objective of this calculation is to demonstrate an 
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international application using all of the suggestions discussed above. By doing this, we wanted 

to provide an estimate which can be a good complementary as well as alternative to OECD 

(2008). Since we utilized the data given by OECD (2008) as well as to make our estimation 

comparable with the balance in OECD (2008), inland fishery activities were excluded. 

Data sources 

Two sources of quantity data were used: OECD (2008) and FAO. Quantity data on organic and 

inorganic fertilizers, seed and planting materials, and withdrawals are from OECD (2008). Data 

on feed, net imports of feedstuff, livestock production output, crop production output, and live 

animals (net export and net change in the stock of live animals) are from FAO.  

Data on nutrient contents for the crop and livestock output terms are from food composition 

tables of surveyed countries including Australia, Belgium, Canada, Denmark, France, Finland, 

Germany, Ireland, Italy, Japan, New Zealand, Norway, Spain, Sweden, Switzerland and USA. 

There were some missing data in the nutrient content of some commodities in some countries. 

This was essentially because we did not have access to their food composition tables. However, 

we believe that nutrient contents in food commodities in countries of similar biological and 

weather conditions do not vary much. Based on this assumption, we applied nutrient contents of 

Korea to Japan, Mexico to USA and Canada. Nutrient content in Austria, Greece, Hungary, 

Iceland, Netherlands, Poland, Portugal, and Turkey are estimated using the average of Belgium, 

Denmark, Finland, France, Ireland, Italy, Norway, Spain, Sweden, Switzerland, and UK. For 

those other missing items, we used the International Food Composition Table of FAO (FAO 

2001).  

Data on biological N fixation and atmospheric N deposition are from OECD (2008). Nitrogen 

fixation is fixed to the soil through the action of bacteria which live in root nodules of leguminous 

crops and by free living soil organisms. The amount of nitrogen fixed to the soil is determined by 
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the type of bacteria and soil organisms which vary from leguminous crops and land type. 

Normally, the amount of nitrogen fixed to the soil through bacteria action is estimated equal to 

the cultivated area of leguminous crops multiplied with N fixation coefficient for the given crops. 

Similarly, the amount of nitrogen fixed by free living organisms equals to the area of each type of 

land multiplied with N fixation coefficient for the given land type. Data on nitrogen fixation 

coefficients on national scales are generally not available but some data from field research can 

be used instead. In this present paper, however, we used N fixation data from OECD (2008).  

Instead of estimating the total atmospheric N deposition using data from IPCC (2008), we 

decided to use data reported by OECD (2008) to make our estimation comparable with this 

report. However we need to separate this total deposition into agricultural and non-agricultural 

atmospheric deposition. In order to do this, we used the framework of IPCC (2006) and the 

default factors of IPCC (2009) to estimate the volatilization of NH3 from fertilizers, manure and 

crop residuals. 

N balance: a mixed picture for OECD 

Table 2 shows the balance sheet of an average year of the whole OECD community in the period 

1985 - 2003. The N surplus that OECD sent to the whole environment measured by the farm gate 

method was 29,037 thousand tonnes compared with 41,591 thousand tones of the soil surface 

balance and 40,853 thousand tones of the soil system balance.  

INSERT TABLE 2 HERE 

Figure 4 presents a relative comparison of environmental performance of OECD countries in 

terms of farm gate N balance per an hectare of total agricultural land (measured in kg/N) which 

was averaged over the surveyed period. The amount of N that Netherlands, Belgium-

Luxembourg, Japan and Denmark sent to the environment was much higher than the mean value 

of individual countries (67 kg N/ha) and an average of OECD community (23 kg N/ha). On the 
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other hand, the surplus of New Zealand, Canada, and Iceland were much below these mean 

values. The soil surface and soil system balances also presented the same conclusion. 

However in terms of percentage change using the farm gate accounting method, the Netherlands 

and Denmark gained a dramatic drop in its surplus (52% and 29% respectively the 19 years 

period) while New Zealand saw a big jump in its surplus (more than 100% per annum from 1989  

- 2003). A decreasing trend in the surplus was found in the majority of countries in Europe and 

the United State of America. Other ten countries notably in Canada, Ireland, Czech Republic, 

Korea, Spain and Norway also experienced the increasing trend of the surplus. Japan posed a 

special case of high N surplus going together with increasing trend in recent years (3.2 % per 

annum during 1995 – 2003). 

INSERT FIGURE 4 HERE 

The soil system balance showed the depletion of nitrogen in the soil systems happened in Korea 

for the five years of late 1980s. Hungary also experienced N deficit in 1991 and 2001, however, 

the balance in later years became surplus. This suggests that N depletion had not been an issue for 

OECD but pollution caused by N surplus from agricultural production has been a challenging 

issue in the last two decades.  

Over the whole surveyed period, the surplus of OECD community sent to the environment 

increased around 0.16% per annum for the farm gate balance and 0.21% for the soil surface and 

soil system balance. However within the years from 1990 to 2003 the percentage change of the 

balances of the three methods were negative values (- 6% for the farm gate balance and – 4% for 

the soil surface and soil system balances), suggesting that the surplus sent to the environment had 

reduced. This shows that the analysis of the balance is very sensitive to the selection of the time 

frame. For this reason, we also reported in Table 3 and Table 4 the values of balance and 

percentage change in different periods of time.  
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Another important finding is that the N balances calculated from the three methods had been 

increased in late of 1980s but then significantly reduced during 1990s. In the early years of this 

decade, however, the farm gate balance was increasing while the soil surface and soil system 

balances kept decreasing. For this reason, if we used the soil surface and system balance to 

present the potential harm of the agricultural production to the environment, the conclusion is 

misleading. Actually the farm gate balance has been increasing, suggesting that the discharge of 

N to the total environment never decreased regardless of many environmental policy efforts have 

been implemented. Comprehensive analyses on the effects of the policy efforts across countries 

are therefore needed. 

INSERT TABLE 3 & 4 HERE 

Nitrogen efficiency 

The overall nitrogen efficiency in this present paper is defined as the ratio of output N over input 

N calculated using the farm gate method. On average, OECD gained the farm gate efficiency of 

0.47, lower than the efficiency of 0.51 and 0.52 estimated from the soil surface and soil system 

methods respectively. Figure 5 exhibits the movement of the N efficiency scores of the three 

methods over the 19 years period. Unfortunately there is not a clear increasing trend of the N 

efficiency even through over the last two decades many OECD countries have been targeting 

environmental policies and spending in reducing the nutrient surplus. However the performance 

differs among countries.   

The farm gate balance sheet within Table 2 also shows that the efficiency of using nutrient in the 

livestock production sector is still low. 21 % of the nutrient in feed was converted to only 10% in 

the livestock products, implying that a significant amount of N in the livestock production was 

lost to the environment. This suggests that there is a huge opportunity for OECD farmers to 

reduce pollution by better N management in livestock production and the higher internal 

recycling efficiency. 
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The internal recycling efficiency of OECD (i.e. the ratio of internal outflow over internal inflow) 

was averaged over the 19-year period and was found to be around 50%. We also found a high 

positive correlation between this recycling efficiency and overall N efficiency (coefficient of 

correlation of 0.73) as well as between internal N balance and overall N balance (coefficient of 

correlation of 0.82), suggesting that countries experiencing high recycling efficiency tended to 

have higher overall N efficiency.  

Eco-environmental performance ranking 

The present study used the ratio of total nitrogen balance (calculated from the farm gate method) 

to total monetary value of agricultural production (in PPP current dollar values) to rank the 

performance of OECD. This indicator links economic output with total nitrogen balance which is 

potentially harmful to the environment. Simply it reveals how much pollution potentially caused 

by nitrogen per one dollar of production value.  

Table 4 lists the average ratios and respective rankings in two selected periods. Australia and 

Ireland were the worst while Korea and Greece were the best. Figure 5 graphs the mean ratio of 

the whole OECD communities from 1985 to 2003. There were fluctuations during the 19 years 

surveyed and the decreasing trend was not clearly detected.  

7  CONCLUSION 

The paper suggests the new strategy of calculating the national nutrient balance for international 

and global comparison purposes under the framework of farm gate method. This new calculation 

framework is easy and takes advantages of high quality and highly available data from different 

international and national sources. Due to this, the calculation is easily adaptable and delivers cost 

effective and more reliable estimation of nutrient balance. 
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Instead of comparing the appropriateness of different nutrient accounting methods, the paper 

explores the relationship between nutrient flows and balances of these methods as well as how the 

information of the three balance sheets can be used together to provide a more detailed nutrient 

auditing. The discussion in this paper is however limited to the issues related to nutrient balance 

and efficiency as indicators of environmental performance of agricultural production practice 

mixed between crop and livestock activities. 

The empirical calculation of OECD provided an alternative to OECD (2008) in which some of 

the findings reveal another picture of N balance and efficiency. The N surplus sent to the total 

environment of OECD surged dramatically in early 1980s, gradually reduced during 1990s but 

exhibited an increasing trends in early 2000s. The overall N efficiency however fluctuated over 

times without a clear increasing trend. An interesting question for future research is to address the 

issues of what are driving forces behind difference in environmental performance across countries 

and over time. 
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Table 1: Subjective assessment on accuracy of the balance estimated from different methods 

Items 
Farm 
gate 

Soil 
surface 

Soil 
system 

Data 
Availability 

International 
Data Source 

Data 
Reliability 

Uncertainty 

Input and output quantity 

Agricultural land   X X High FAO High Low 
Cultivated area of 
leguminous crops   X X  Low OECD Moderate 

/Low 
Moderate 

/High 

Feeding stuff X  High FAO High Moderate 

Fertilizer X X X  High FAO High Low 

Live animal X X X  High FAO High Moderate 
Seed & planting 
materials X X  X  Moderate FAO Moderate 

/High Moderate 

Marketed crops X X X  High FAO High Low 

Fodder crops & grass X X  Moderate OECD Moderate High 

Livestock products X  High FAO High Low 
Nutrient Conversion Coefficients 

Atmospheric 
deposition   X X  Low OECD Low High 

Baby/purchased 
livestock  X   High FCT* Moderate Moderate 

/High 

Nutrient fixation  X X  Low OECD Low High 

Feeding stuff X   High FCT & AFRIS Moderate Low 
/Moderate 

Fertilizer X X X  High FAO High Low 

Livestock manure X X  Low OECD Low High 
Seed & planting 
materials X X  X  High FCT Moderate Low 

/Moderate 

Marketed crops X X X  High FCT High Low 
/Moderate 

Fodder crops & grass  X X  Low OECD Moderate 
/Low 

Moderate 
/High 

Livestock products X   High FCT High Low 
/Moderate 

Denitrification & 
volatilisation   X  Low GAINS . . 

Leaching & run-off   X  Low GAINS . . 
Note: (*) FCT: Food Composition Tables which are available from Infoods (2009), EUROFIR (2009) and 
LANGUAL (2009) 
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Table 2: Auditing OECD in an average year (1985-2003) 
 
Code (*)  1,000 ton N % 
Input (I) nitrogen        54,413   
FGI1 = SSuI1=SSyI1 Fertilizers 28,300 52% 
FGI2 Feed           11,000  20% 
FGI3 = SSuI3=SSyI3 Non-agricultural atmospheric deposition 14,600 27% 
FGI4 = SSuI4=SSyI4 Seed and planting materials 513 1% 
   internal inflows to the soil surface     
SSuI5= SSyI5 Agricultural atmospheric deposition (***) 12 
SSuI2= SSyI2 Biological N fixation 13,500 
SSuI6= SSyI6  Livestock excreta  41,500 
   internal outflows from the soil surface     
SSuO2= SSyO2 Total forage 26,700 
SSuO4= SSyO4 Gross volatilization to the air (**) 964 
   additional outflows out of the soil system     
SSyO5 Leaching & runoff to the water system (****) 678 
   net internal inflows to the soil sytem     
SSyI2 + SSyI5+ SSyI6 - SSyO2 - SSyO3 - SSyO4 26,670 
Output (O) nitrogen   25,440   
FGO1=SSuO1=SSyO1  Crop products  22,500 88% 
FGO2  Livestock products  2,650 10% 
FGO3=SSuO3=SSyO3  Crops and manure removals  290 1% 
Total balance sent to the environment (FGI - FGO)     

Soil surface balance (SSuB = SSuI1-6 - SSuO1-4) 47,293 
Soil system balance (SSyB = SSuB -SSyO5) 46,615 
Farm gate balance (FGB = FGI - FGO) 28,973 
  sent to the atmosphere (net volatilization) (*****) 952 
  leaching & run-off sent to water system 678 
  others (denitrifcation) & errors 27,343 

(*) FG, SSu, and SSy stand for farm gate, soil surface and soil system accounting methods. I for input items 
and O for output items. (**) equal total nitrogen applied on the soil * 0.0125. (***) equal to SSyO4 * 
0.0125. (****) equal to total nitrogen applied on soil * 0.3 * 0.025. These emission and leaching fraction 
factors are the default values of IPCC (2009) and they were also used in Van Der Hoek et al. (2007). 
(*****) equal to gross atmospheric deposition from OECD (2008) – SSuI5 
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Table 3: Five yearly average balance 
    1985-89 1990-94 1995-99 2000-03 
Mean values Farm gate  74 67 64 65 
(kg N/ha) (*) Soil surface 81 78 74 75 

Soil system 83 78 73 74 
OECD community Farm gate  22 24 23 22 
(kg N/ha)  (**) Soil surface 32 34 33 33 
  Soil system 32 34 33 32 
Total OECD Farm gate  28,085 30,317 29,097 28,084 
(1,000 tonnes of N) Soil surface 40,184 42,823 41,811 40,973 
  Soil system 39,545 42,136 41,117 40,277 
(*) as mean of values of individual countries. OECD (2008) also reported these values. 
(**) as ratio of total N balance over total agricultural land of countries all taken together 
 
Table 4: Annual percentage change in different periods 
    1985-90 1990-95 1995-2000 2000-03 
Mean values Farm gate -0.52 0.04 -1.76 1.22 
(kg N/ha) (*) Soil surface 0.18 0.08 -1.62 1.08 

Soil system 0.13 -0.61 -1.64 1.10 
OECD community Farm gate 3.06 -0.85 -1.43 0.09 
(kg N/ha)  (**) Soil surface 2.33 -0.61 -0.80 -0.02 
  Soil system 2.34 -0.62 -0.83 -0.02 
Total OECD Farm gate 3.06 -0.85 -1.43 0.09 
(1,000 tonnes of N) Soil surface 2.33 -0.61 -0.80 -0.02 
  Soil system 2.34 -0.62 -0.83 -0.02 
(*) as mean of values of individual countries. OECD (2008) also reported these values. 
(**) as ratio of total N balance over total agricultural land of countries all taken together 
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Table 5: Eco-environmental performance ranking 
 

  
Average Ratio  
(Kg N/ PPP $) 

Ranking  
(1:Worst - 30: Best) 

Country 1993-1996 2000-2003 1993-1996 2000-2003 
Australia 0.4867 0.3162 1 1 
Austria 0.0303 0.0245 18 24 
Belgium-Luxembourg 0.0720   7   
Canada 0.0217 0.0385 23 14 
Denmark 0.1244 0.1000 3 4 
Finland 0.0381 0.0306 13 20 
France 0.0856 0.0471 4 11 
Germany 0.0757 0.0614 6 6 
Greece 0.0163 0.0118 28 29 
Hungary 0.0171 0.0235 26 25 
Iceland 0.0280 0.0268 19 23 
Ireland 0.1274 0.1410 2 2 
Italy 0.0238 0.0234 21 26 
Japan 0.0202 0.0169 25 27 
Korea, Republic of 0.0057 0.0052 29 30 
Mexico 0.0512 0.0565 9 7 
Netherlands 0.0496 0.0335 10 18 
New Zealand 0.0215 0.0359 24 16 
Norway 0.0367 0.0364 15 15 
Czech Republic 0.0375 0.0527 14 10 
Poland 0.0327 0.0441 16 12 
Portugal 0.0279 0.0293 20 21 
Slovakia 0.0307 0.0312 17 19 
Spain 0.0400 0.0342 12 17 
Sweden 0.0435 0.0402 11 13 
Switzerland 0.0222 0.0284 22 22 
Turkey 0.0165 0.0160 27 28 
United Kingdom 0.0847 0.0934 5 5 
United States of America 0.0606 0.0560 8 8 
Belgium   0.0543   9 
Luxembourg   0.1279   3 
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Figure 1: Soil surface budget method (adapted from OECD and EuroStat (2007)) 
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Figure 2: Farm-gate method 
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Figure 3: Combination of farm gate, soil surface and soil system methods 
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(*) Belgium-Luxembour for 1985 – 1999, Belgium and Luxembourg for 2000 – 2003. (**) 
Czechslovakia for 1985 – 1992, Czech Republic and Slovakia for 1993 – 2003. (***) France, 
Portugal, Turkey for 1990 – 2003. Mean value for individual countries: 67 kg N/ha. Average 
OECD balance: 23 kg N/ha (= total balance / total agricultural land, averaged over 19 years) 

Figure 4: Farm gate nitrogen balance, OECD countries, average value in 1985 - 2003 
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Figure 5: N efficiency using farm gate, soil surface and soil system accounting methods 
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Figure 6: Eco-environmental performance (kg N of balance / PPP $ value of production), Mean 
OECD, 1985 - 2003 
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