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Abstract 
Global climate change is a threat for the global food production. This study aims to detect on-farm 
management options to reduce the amount of greenhouse gases from grassland based dairy 
production systems while maintaining (or increasing) productivity. Two different regions of the world 
were chosen as case studies to explore the potential for mitigation: Brazil in South-America and the 
Netherlands in Europe. Currently, the intensive grassland based dairy systems of the Netherlands 
emit less CH4 kg

-1
 milk than the more extensive grassland based dairy systems of Brazil. There are 

several promising mitigation options available. There is, however, much uncertainty about the 
quantitative effect of these options and the interaction between emissions of different greenhouse 
gases. Therefore, experiments and simulation models are needed to conclusively decide for the best 
mitigation options for the farmer in different regions of the world. Exchange of information between 
countries, like here between the Netherlands and Brazil, is essential to increase our understanding of 
climate change and emissions of greenhouse gases. 
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Introduction 
Global climate change is a threat for the global food production. FAO estimates that the world 
population will increase to 9 billion people in 2050. Looking at the expected increase in human 
population and the need to feed the world within the carrying capacity of planet earth, it becomes clear 
that mitigating the emissions of greenhouse gases and adapting agricultural production to climate 
change is a key issue for the coming years. The global animal food chain is estimated to generate 
18% of global greenhouse gas emissions as measured in CO2 equivalents (FAO, 2006). Livestock 
production systems emit 37% of anthropogenic methane (CH4), most of that from enteric fermentation 
by ruminants, but also from manure. Moreover, they induce 65% of anthropogenic nitrous oxide (N2O) 
emissions, the great majority from manure. Furthermore, livestock production would also induce 9% of 
global anthropogenic CO2 emissions. The largest share (i.e. 7%) of this derives from land-use 
changes – especially deforestation – caused by expansion of pastures and arable land for feed crops 
(FAO, 2006). It is therefore important to study options to mitigate greenhouse gas emissions from 
livestock production systems. This study aims to detect on-farm management options to reduce the 
amount of greenhouse gases from grassland based dairy production systems while maintaining (or 
increasing) productivity. The paper focuses on the farm level, since it is the individual farmer who 
influences the emissions by the farm management. Furthermore, measures at field or animal level will 
always affect the farm level and interact at the farm level. A change in fertilization level, for example, 
will affect grass quality and quantity. This will in turn affect the ration of dairy cattle thereby influencing 
enteric fermentation and changing CH4 emissions from enteric fermentation. Two different regions of 
the world are chosen as case studies to explore the potential for mitigation: Brazil in South-America 
and the Netherlands in Europe. 
 
 
Methods 
 
Description of the regions 
Brazil is a tropical country located in South-America. Brazilian livestock production systems are very 
variable, but average stocking density of farm animals is low (on average 20 cattle per km

2
, 4 pigs per 

km
2
 and 165 chickens per km

2
). Around 30% of milk in Brazil is produced by non specialized farmers 

on extensive animal production systems where grazing cows receive no concentrates and pastures 
are not fertilized (Assis et al., 2005). Semi-extensive and intensive pasture systems are responsible for 
more than 60% of the milk production (Assis et al., 2005). On these systems, cows will graze tropical 
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forages and the ration will be supplemented with concentrates. During the dry season, some farmers 
will also provide conserved forage or sugarcane to their cows. Less than 5% of the milk in Brazil is 
produced by cows in confinement (Assis et al., 2005). Beef production in Brazil is characterized by 
pasture utilization. Less than 7% of animals slaughtered in Brazil are fattened on feedlots. Brazilian 
population density is relatively low (23 persons per km

2
). Brazil intends to reduce 36% to 39% of the 

projected greenhouse gas emissions by 2020. 
The Netherlands is located in western Europe. Livestock production in the Netherlands is 
characterized by a high stocking density for all types of farm animals (on average 111 cattle per km

2
 - 

mainly Holstein, 345 pigs per km
2
 and 2748 chicken per km

2
). Furthermore, agriculture in the 

Netherlands is characterized by high animal productivity, high grass and forage production levels with 
corresponding high levels of fertilization on grassland and fodder crops, and high imports of agro-
industrial by-products and other concentrate components. The population density in the Netherlands is 
high (488 persons per km

2
). The Netherlands intend to reduce emissions of greenhouse gases to 30% 

of the level of 1990. 
. 
Analysis of mitigation options 
We studied mitigation options for Brazil and the Netherlands using data from Embrapa and 
Wageningen UR. The most promising mitigation options are given in this paper. For Brazil, the number 
of experiments on greenhouse gas emissions from grass based dairy production systems is limited. 
We therefore focused on CH4 emissions. The impact of mitigation options was estimated using 
general assumptions and emission factors. The impact of lactation persistence and cow productivity 
was estimated using data of Pedreira et al. (2009). Pedreira et al. determined CH4 emissions of 
Holstein and crossbred Holstein x Zebu, but did not estimate CH4 emission kg

-1
 milk considering the 

whole herd. We incorporated the CH4 emissions of calves and heifers as well. We used data on CH4 
emission per unit of live weight (g CH4/kg LW

-0.75
). 

In the Netherlands, numerous experiments on greenhouse gas emissions have been carried out (e.g. 
Van den Pol-van Dasselaar et al., 1999; Velthof et al., 2003). Results of experiments have been 
incorporated in the farm model DairyWise (Schils et al., 2007). The DairyWise model is an empirical 
model that simulates technical, environmental, and financial processes on a dairy farm. The central 
component is the FeedSupply model that balances the herd requirements, as generated by the 
DairyHerd model, and the supply of homegrown feeds, as generated by the crop models for grassland 
and corn silage. The GrassGrowth model predicts the daily rate of DM accumulation of grass, 
including several feed quality parameters. The final output is a farm plan describing all material and 
nutrient flows and the consequences on the environment and economy. For this paper, a simple 
version of DairyWise was used to study the effect of on-farm management on emissions of CH4, N2O 
and CO2. 
 
 
Results and Discussion 
 
Most important CH4 mitigation options in Brazil 
Animal breeding and better animal nutrition are the most important CH4 mitigation options for milk 
production in Brazil. Around 70% of milk produced in Brazil comes from crossbred Holstein x Zebu 
cows characterized by a low lactation persistence and a low milk production (Assis et al., 2005). 
Crossbred Holstein x Zebu cows are common in Brazil because of their good resistance to heat stress 
and parasites. Furthermore, their nutritional requirements are relatively low and may be attended just 
by grazing on extensive production systems. No concentrates or conserved forages are needed in 
these systems. Zebu cows usually produce milk for 7 or 8 months after calving. Increasing the 
lactation persistency by animal breeding would lead to less CH4 emitted kg

-1
 milk. Furthermore, 

increasing the energy content of the ration would lead to a higher milk production. A higher milk 
production would also lead to less CH4 kg

-1
 milk. A further advantage of improving the nutrition of 

heifers is that the age at first calf may be considerably reduced. On extensive production systems, 
heifers will graze tropical grass and receive mineral supplements. Mean life weight gain on these 
systems will be around 350 g d

-1
. Mean life weight gain of heifers supplemented with concentrates and 

fed conserved forage or sugarcane during the dry season will be around 700 g d
-1

. We estimated that  
CH4 emission decreases from 114 to 98 g CH4 kg

-1
 milk when age at first calf is reduced from 48 to 24 

months. On herds characterized by a high lactation persistence of 12 months, CH4 emission was 
estimated to be 57% of that on herds characterized by a lactation persistence of 8 months. This leads 
to a decrease in CH4 emission from 98 to 56 g CH4 kg

-1
 milk. We estimated a further reduction in CH4 

emission from 56 to 28 g CH4 kg
-1

 milk if milk production per cow increased from 10 to 20 kg milk d
-1

. 



 
Most important mitigation options in the Netherlands  
Greenhouse gas emissions from agriculture in the Netherlands decreased by approximately 13% 
between 1990 and 2008 (van der Maas et al., 2010). This decrease was largely the result of 
decreasing numbers of livestock, a decreased application of animal manure and a decreased use of 
synthetic fertilizers. A detailed study of 23 commercial dairy farms and one experimental farm revealed 
an average level of greenhouse gas emissions of 1075 g CO2-equivalents per kg milk, with a standard 
deviation of 146 g (Vellinga et al., in preparation). CH4 was responsible for approximately 50% of the 
total emissions, N2O for 20% and the remaining 30% was CO2. On average CH4 emissions on dairy 
farms equal 15-20 g CH4 kg

-1
 milk produced (Tamminga et al., 2007). Tamminga et al. (2007) 

conclude that CH4 losses from dairy cows in the Netherlands are probably already among the lowest 
in the world. CH4 losses (mainly from enteric fermentation) can be further reduced by 5-15% by 
altering the feed ration (e.g. replacing grass silage by corn silage, increasing the energy content of 
roughages, increasing the amount of concentrates in the ration, increasing starch content in 
concentrates and increasing fat content in concentrates). Simulation of dairy farms in the Netherlands 
with a simple version of DairyWise revealed several other options to effectively decrease the emission 
of the greenhouse gases CH4, N2O and CO2 (Table 1). 
 
Table 1. Effect of mitigation options at farm level (expressed as % increase or decrease for CH4, N2O, 
CO2 and total greenhouse gas emissions in CO2-equivalents). 

 CH4 N2O CO2 Total 

Increase milk production from 7.500 to 10.000 kg milk cow
-1

 yr
-1

 -11 +2 -17 -11 

Decrease replacement rate from 30% to 20% -7 +1 -7 -6 

Decrease N fertilization level from 300 to 225 kg N ha
-1

 yr
-1

 -0 -11 -1 -2 

 
Furthermore, coverage of manure pits has been highly effective in reducing CH4 emissions in the past. 
Nowadays, farmers in the Netherlands are obliged to cover their manure pits and the effect has been 
accounted for in the national estimates. 
 
Feasibility of options 
Table 1 shows that a reduction in emissions of one greenhouse gas may be offset by an increase in 
emissions of another greenhouse gas. Therefore, mitigation options should preferably be valued on 
their total impact. Simple tools need to be developed to help the farmers in choosing the best option. 
In general, farmers are not aware of the impact of their dairy farm activities on greenhouse gas 
emissions. A survey in the Netherlands revealed that farmers tend to choose mitigation options that 
are relatively simple and either cost effective or with only relatively small additional costs. Some of the 
options in this paper are cost-effective (e.g. less replacement of dairy cattle). The farmer can earn 
money by implementing them. However, some of these options are also difficult to carry out in practice 
(e.g. increase of the milk production). Therefore, professional advise to farmers on these topics should 
be stimulated. 
 
CH4 emissions in Brazil and in the Netherlands 
Currently, the intensive grassland based dairy systems of the Netherlands emit less CH4 kg

-1
 milk than 

the more extensive grassland based dairy systems of Brazil. There are several promising mitigation 
options available. Especially in Brazil, large reductions in CH4 emissions can be achieved. 
Calculations in this paper show that a reduction to 25% of the current level is possible. This is 
especially important since on a global level the bulk of the growth in meat and milk production is 
expected to occur in countries like China, India and Brazil. 
 
Variability 
Even though the number of experiments on greenhouse gas emissions has increased considerably 
during the last decades, there is still much uncertainty about the quantitative effect of these options 
and the interaction between emissions of different greenhouse gases. The large temporal and spatial 
variability make measurements complicated and expensive. However, given the enormous impact of 
climate change on the food production, efforts should be made to further quantify the emissions and 
the effect of mitigation options on these emissions. Exchange of information between countries should 
be stimulated. Projects on climate change provide valuable information. In Brazil, for example, a large 
project on simulation of future agricultural scenarios from regional projections of climate change 
started in 2009 and another project for determination of greenhouse gas emissions from different 
animal production systems will start in 2011. In the Netherlands, for example, the program ROB 



(reduction non-CO2 greenhouse gases) started in 2000 and is still running. In the period 2011-2015 an 
international project is planned with the objective to provide scientific guidance on the integration of 
adaptation and mitigation options into sustainable development pathways for livestock production in 
Europe, in Latin America and in Northern and Sub-Saharan Africa. Both Brazil and the Netherlands 
will be included in this project. 
 
 
Conclusions 
We conclude that there are many promising options to reduce the emission of greenhouse gases 
while maintaining productivity. There is, however, much uncertainty about the quantitative effect of 
these options and the interaction between emissions of different greenhouse gases. Therefore, 
experiments and simulation models are needed to conclusively decide for the best mitigation options 
for the farmer in different regions of the world. Exchange of information between countries, like here 
between the Netherlands and Brazil, is essential to increase our understanding of climate change and 
emissions of greenhouse gases. 
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