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Executive summary
 

This paper presents two low-carbon solutions for government bond investors: one for investors who do not 
aim to generate alpha, and one for investors who want to combine decarbonization with alpha generation 
using multi-factor investing. 

Investors are increasingly trying to reduce the carbon footprint of their portfolios. Several climate solutions are 
available for asset classes like equities and credits. We propose solutions for government bond portfolios. As 
these bonds are issued by countries rather than by companies, we explain how countries’ emissions are measured 
based on their production or consumption. The normalization of emissions is also different from that used for 
companies, as there is no direct equivalent to the enterprise value for countries. Instead, country emissions are 
expressed as emissions per capita or per unit of GDP. For developed bond markets the different metrics provide 
similar rankings.

The simplest way to create a portfolio with lower emissions is to take a regular index as a starting point and 
adjust the country weights solely based on emissions. The pitfalls of this naïve decarbonization approach are that 
it changes the portfolio’s risk profile in unintended ways, it can result in a portfolio with lower yield, and it can 
harm the profile with respect to other dimensions of sustainability. We demonstrate how this naïve approach can 
increase the interest-rate risk and sovereign credit risk. Our risk-controlled portfolio construction avoids these 
pitfalls and decarbonizes portfolios more efficiently, resulting in a stronger reduction of emissions for a given 
tracking error.

We propose two solutions to combat this problem. The first solution is for investors who do not aim to generate 
alpha. This green beta solution efficiently reduces the portfolio’s carbon emissions without altering its risk profile, 
maintains the broader sustainability profile, and aims to avoid overpaying for sustainability to reach index-like 
returns. 

“ Green beta: efficient decarbonization without 
overpaying for sustainability

The second solution, sustainable enhanced index, combines lower carbon emissions with multi-factor investing. 
Academic evidence shows that factors like value, momentum and low-risk can be used to select government 
bonds with superior risk-adjusted returns. The portfolio construction process efficiently uses the risk budget to 
meet the twin goals of decarbonization and return enhancement.

“ Sustainable enhanced index: decarbonization with 
return enhancement
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Introduction
 

Carbon reduction is increasingly gaining interest amongst 
investors. In this research paper we discuss the carbon intensity 
of sovereign bond portfolios, present common pitfalls to naïve 
decarbonization, and propose solutions that efficiently combine 
decarbonization and risk-return tradeoffs in bond portfolios. 

Many investors are actively trying to reduce the carbon footprint of 
their portfolios. Initially, attention has been focused on companies 
and several climate solutions are available for asset classes like 
equities and credits. As government bonds, with their USD 33 
trillion market value, comprise a significant part of many portfolios, 
we propose solutions for government bond portfolios. Firstly, we 
discuss why one would prefer to invest in a portfolio tilted to bonds 
from countries with lower carbon emissions, then we explain how 
countries’ emissions are measured and how they can be 
normalized. 

We then turn our attention to portfolio construction, to examine the 
pitfalls of the naïve decarbonization approach. We show that a 
risk-controlled portfolio construction can avoid these pitfalls and 
decarbonize portfolios more efficiently. Building on these 
foundations we then propose two solutions. The first solution is for 
investors who do not aim to generate alpha. This green beta 
solution efficiently reduces the portfolio’s carbon emissions, while it 
maintains the broader sustainability profile and aims to produce 
index-like returns. The second solution, sustainable enhanced 
index, combines lower carbon emissions with multi-factor investing, 
aiming for return enhancement. We briefly introduce the factors 
used to select government bonds with superior risk-adjusted 
returns and show how the portfolio construction process uses the 
risk budget to meet the twin goals of decarbonization and alpha 
generation.
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“ High-emission countries face larger economic and 
financial risks in the transition to a Paris-aligned world. 
Sovereign bond investors can mitigate these risks  

Why invest in government bonds with lower  
carbon emissions?

they are more energy-efficient or they employ more renewable 
energy.

Moreover, by favoring bonds issued by countries with lower 
emissions, investors can effectively communicate their 
endorsement of emission-reduction policies to governments.

Governments have an important role to play in the climate transition. 
They set the rules that regulate companies and households and are 
responsible for enforcing those rules. Additionally, the government 
can use financial incentives to influence company and household 
behavior. When investors take carbon emissions into account, failing 
to tackle climate change will also have financial implications for 
governments as investor appetite for debt issued by these countries 
is reduced and borrowing costs potentially rise. 

Before discussing how to construct government bond portfolios 
with lower emissions, let’s first consider why one should want to 
do so. 

Countries’ carbon emissions are relevant for sovereign bond 
investors as these indicate how challenging the transition to a 
Paris-aligned world will be. As part of the Sustainable Development 
Goals, the United Nations’ 193 member states have unanimously 
agreed to take urgent action to combat climate change (SDG 13). 
The Paris Agreement specifically calls upon developed countries to 
reduce their economy-wide emissions, as these countries account 
for the bulk of cumulative historical emissions; it states that 
countries have “common but differentiated responsibilities”. 
Countries with high emissions have to make bigger efforts and will 
face higher costs to align their economies to the Paris Agreement. 

The transition to a cleaner world is likely to be more disruptive for 
economies that are strongly dependent on fossil fuels or on highly 
pollutive production processes. These countries face the risk that 
important sectors of their economy will become obsolete or require 
a drastic restructure. Investors can mitigate risks to their 
government bond portfolio by tilting it towards bonds from 
countries that already have lower emissions, for example because 

Finally, initiatives like the Net Zero Asset Owner Alliance and 
regulations like the EU SFDR require investors to disclose data on 
the carbon emissions of their sovereign bond holdings, potentially 
spurring greater interest in lower-emission solutions.
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Comparing countries’ carbon emissions

In this chapter we discuss how countries’ carbon emissions are 
measured and how these emissions can be normalized to 
compare bond markets. 

We are interested in the carbon emissions of countries, not just in the 
direct emissions by governments – for example for heating of 
government offices and powering government vehicles. Country 
emissions are the relevant risk measure for government bond 
investors, because high emission countries face higher costs and run 
larger risks in the climate transition. And governments have pledged to 
reduce their countries’ emissions , not just their own direct emissions.

Measuring country emissions
Data on countries’ greenhouse gas (GHG) emissions is determined 
by combining data on activities (for example power generation, 
transportation and industrial processes like steel-making) with the 
typical emissions caused by these activities, and then by each type 
of fuel used for these activities. Detailed standards for these 
computations were developed by the Intergovernmental Panel on 
Climate Change. These numbers are called production-based 
emissions because they measure the emissions related to what is 
produced in a country. In recent times, consumption-based 
measures have emerged as additional metrics. The premise being 
that when something is produced in country A, then exported to 
country B and used there, the related emissions should be counted 
as emissions of country B. The OECD publishes data on the amount 
of CO2 emissions embedded in international trade, which is then 
used to adjust production-based emissions for exports and imports 
to derive consumption-based emissions.

Figure 1 shows production-based and consumption-based 
emissions for the 30 countries with the highest emissions. China 
has the highest emissions on both measures. However, 
consumption-based emissions are lower than production-based 
emissions for China, reflecting that some of the products that China 
produces are not consumed there but are exported to other 
countries. In the US, the opposite holds true as consumption-based 
emissions are higher than production-based emissions. US 
consumption causes more emissions than US production, as the 
US consumes more (or more pollutive products) than it produces. 
This is the case for most high-income countries.

Currently production-based emissions are used more widely than 
consumption-based numbers. The Paris Agreement framework only 
refers to production-based emissions. The Global GHG Accounting 
and Reporting Standard issued by PCAF (Partnership for Carbon 
Accounting Financials), however, recognizes that consumption-
based emissions are “an important metric in the context of broader 
sovereign responsibility for emissions caused”.

Production-based emissions data for the main greenhouse gas CO2 
is published annually. Ideally, we would include emissions of other 
greenhouse gases like methane, nitrous oxide and fluorinated 
gases as well. Data for these emissions are available, but this data 
is updated less frequently and with an additional publication lag. 
Consumption-based emissions are for now published only for CO2 
emissions, not for other greenhouse gases, and this data has an 
additional publication lag of one year compared to production-
based estimates.

Consumption-based Production-based
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Figure 1 | Consumption-based and production-based country emissions in 2020, megaton fossil CO2 (log scale) 

Source: Robeco, Global Carbon Project (2023), EDGAR 2022 report1

1. Crippa, et al, CO2 emissions of all world countries - 2022 Report, EUR 31182 EN, Publications Office of the European Union
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Normalizing country emissions
The mere fact that the US emits more CO2 than Denmark is not 
surprising, as the US is a much larger country with a higher 
population and bigger economy than Denmark. But the question is, 
what is the relevant measure of a country’s size? How should we 
normalize emissions to assess which country is emitting more in a 
relative sense?

Equity and credit investors often use the emissions of a company 
divided by the sum of the market value of its equity and debt. This 
allows investors to express their carbon footprint by how much of a 
company’s emissions they “own” (or finance). Exactly the same 

cannot be done for a country, as countries have no tradeable equity; 
investors cannot “own” a country. And it doesn’t make sense to 
divide a country’s emissions only by the market value of its debt; 
firstly, because countries finance themselves primarily with tax 
income rather than debt issuance (so an investor holding 1% of a 
country’s debt doesn’t finance 1% of the country’s emissions); 
secondly, as this leads to undesirable results for countries with very 
high or very low debt levels. Bonds of a country with hardly any 
debt like Norway would be considered extremely “dirty” (or 
carbon-intensive), while highly indebted countries would be 
considered relatively “clean” as their emissions are divided by a 
large pool of debt. Therefore, country emissions have to be 
normalized in a different manner than company emissions.

Two measures are commonly used to normalize country emissions: 
the size of the population and the size of the economy (GDP). 
Normalizing emissions by the size of the population makes 
lower-income countries’ emissions compare more favorably and 
dividing by the size of the economy puts the emissions of high-

Figure 2 compares CO2 emissions to the total greenhouse gas 
(GHG) emissions for the countries with the highest emissions. 
Emissions of other greenhouse gases like methane have been 
converted to CO2-equivalent emissions based on their Global 
Warming Potential values. All numbers are representative of 2018, 
at the time of writing this was the most up to date greenhouse gas 
data available. For countries like Brazil and Pakistan, the difference 
between the two emission numbers is large. However, for the major 
developed bond markets CO2 typically accounts for circa 80% of 
greenhouse gas emissions. Therefore for these countries we get a 
similar picture when we look only at CO2 instead of at total 
emissions. For developed market government bonds, we can use 

the most recent data on countries’ CO2 emissions to get a good 
picture of their total greenhouse gas emissions.

When including emerging bond markets, the choice is more 
complex: for some emerging markets it is important to use 
consumption-based measures, which are currently only available 
for CO2, while for other markets it is more relevant to use the broad 
greenhouse gas emissions. Finally, attempts have been made to 
include emissions related to land use and change of land use (like 
deforestation). According to the PCAF standard, there is a 
divergence of views among emissions data providers and climate 
experts regarding the methods for collecting land use, land-use 
change, and forestry (LULUCF) emissions, and this creates 
significant data uncertainty.

In the remainder of this paper, we use production-based CO2 
emissions excluding LULUCF. However, the solutions we present to 
decarbonize portfolios can also be used with consumption-based 
data, or with broader GHG data instead of fossil CO2 emissions.

GHG CO2
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Figure 2 | Country emissions in 2018, greenhouse gas emissions and fossil
 
CO2 emissions, megaton CO2 equivalent (log scale)

Source: Robeco, EDGAR
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represented by a block: the height of each block corresponds to 
that market’s CO2 emissions per capita and the width corresponds 
to the market value. Therefore, the largest government bond 
markets in the index are the US, Japan, France and the UK (the 
widest blocks). The markets with the highest emissions are 
Canada, Australia and the US (the highest blocks). The US, with its 
large market cap weight and high emissions, contributes most to 
the index emissions, as seen from the size of its block.

We can distinguish three groups of countries with similar emissions 
per capita in Figure 4:
•	 Canada, Australia and the US have the highest emissions: 14-15 

ton per capita in 2021
•	 Japan, the Netherlands, Belgium and Germany: emissions of 8-9 

ton per capita, ca 40% below the first group
•	 	Italy, Spain, the UK, Denmark, France and Sweden: emissions are 

60-70% lower than in the first group.

The three high emission markets comprise more than half of the JP 
Morgan Global Government Bond index. This index has a weighted 
average of CO2/capita of 10.8 ton per year (using the end of 2022 
index weights and the 2021 CO2 data published in 2022). We can 
construct portfolios with a lower carbon intensity by shifting weight 
from high-emission countries to countries with lower emissions. 
The lowest emissions would be reached when we invest only in 
bonds from the country with the lowest emissions – Sweden. 
Diversified global portfolios will have higher average emissions than 
Sweden’s 3.8 ton/year as they contain bonds from countries with 
higher emissions.

income countries in a more favorable light. PCAF recommends the 
use of GDP based on purchasing power parity to normalize 
production-based emissions and to use population size to 
normalize consumption-based emissions, while SFDR asks for 
reporting emissions normalized by GDP.

To illustrate the difference between the two measures, Figure 3 
compares the carbon emissions of China and the US in 2021. China 
emitted 12.5 gigaton of CO2, the US emitted 4.8 gigaton. Using the 
size of the economy to normalize the emissions, we see that the 
Chinese economy can be considered less carbon-efficient: China 
emitted 0.5 ton of CO2 per 1,000 US dollar of GDP, compared to 0.23 
ton for the US. If we use the size of the population to normalize 
emissions instead of the size of the economy, we get a different 
picture: China emitted 8.7 ton of CO2 per inhabitant, while the US 
emitted 14.2 ton per person per year. Because the average income 
level (GDP/capita) is higher in the US than in China, emissions per 
person are higher in the US, despite the lower emissions per 1,000 
dollar of income.

Note that the distinction between CO2/capita and CO2/GDP is mainly 
relevant when comparing countries with markedly different income 
levels. When comparing countries with similar GDP/capita, both 
measures will result in similar outcomes. For a portfolio containing 
only developed market government bonds, the distinction between 
the two measures is less important: in this case, a portfolio with low 
CO2/capita will generally also have low CO2/GDP.

Figure 4 illustrates the CO2 emissions of the global developed 
government bond market, represented here by the JP Morgan 
Global Government Bond index. Each bond market in the index is 
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The highest country emissions are almost four times higher than 
the lowest country emissions in this universe of developed 
government bond markets. This is much smaller than the 
differences between the highest and lowest company emissions, 
especially when comparing companies from vastly different 
sectors, like an oil company and a tech company. As a result, the 
potential decarbonization percentage in an equity or credit portfolio 
is bigger than what is possible in the government bond universe. 

Nevertheless, with a difference in CO2 emissions of about a factor 
4, meaningful portfolio decarbonization can also be achieved in 
developed market government bond portfolios. Assuming countries 
reduce their emissions in line with their commitments, over time 
the portfolio’s emissions will decline further.

2%
 C

an
ad

a, 
14

.9
1.

7%
 A

us
tra

lia
, 1

4.
3

50
% 

Un
ite

d 
St

at
es

, 1
4.

2

18
.2

% 
Ja

pa
n,

 8
.6

1.
2%

 N
et

he
rla

nd
s, 

8.
5

1.
3%

 B
el

gi
um

, 8
.2

4.
4%

 G
er

m
an

y, 
8.

1

5.
3%

 It
al

y, 
5.

4

3.
6%

 S
pa

in
, 5

.0

5.
8%

 U
ni

te
d 

Ki
ng

do
m

, 5
.0

0.
3%

 D
en

m
ar

k, 
4.

7

6.
1%

 F
ra

nc
e, 

4.
6

0.
2%

 S
we

de
n,

 3
.8

0

2

4

6

8

10

12

14

16

Figure 4 | CO2/capita and market value weight of main developed government bond markets

Source: Robeco, JP Morgan, EDGAR



10 Efficiently reducing carbon emissions in government bond portfolios – August 2023

Constructing low-carbon portfolios

the emissions, the more we increase the weight. We then rescale all 
weights to ensure that the sum of the new country weights is again 
100%. 

The process above is illustrated in Figure 5. The countries in the 
index are ordered by their emissions from high (Canada, 14.9 ton/
year) to low (Sweden, 3.8 ton/year). The CO2/capita emissions for 
each country is shown by the grey bars, which refer to the 
right-hand scale. The blue bars show the weight of these countries 
in the regular, market value weighted index; the purple bars reflect 
the adjusted weights.

The weights of all Canadian, Australian and US bonds are nearly 
halved, as these countries have the highest emissions. The weights 
of Japanese, Dutch, Belgian and German bonds are increased 
slightly. The weights of all Italian, Spanish and UK bonds are 
roughly doubled and the weights of Danish, French and Swedish 
bonds are more than doubled, as these are the countries with the 
lowest emissions. 

Table 1 contains the original and adjusted country weights. It also 
shows other characteristics of these bond markets such as their 
average duration and credit rating.

To decarbonize government bond portfolios efficiently, risk 
should be taken into account. A risk-controlled portfolio 
construction process results in stronger decarbonization and 
lower tracking error versus the regular index than a naïve 
approach. 

To construct a government bond portfolio with a lower carbon 
intensity, one has to reduce the weight of the bonds of high-
emission countries and increase the weight of bonds of countries 
with lower emissions. Some index providers do just that: reduce the 
weight of all bonds from the most polluting countries and increase 
the weight of all bonds from low-emission countries. This approach 
reduces the portfolio’s carbon intensity, but it can also change its 
risk profile in unintended ways.

Pitfalls of naïve decarbonization
To demonstrate the potential pitfalls of the naïve approach to 
decarbonization, we apply this approach to the JP Morgan Global 
Government Bond index. This index contains government bonds 
from developed bond markets. In this example, we use the method 
to create an index with 20% lower carbon emissions. We reduce the 
weight of all bonds from countries with high emissions and 
increase the weight of all bonds from countries with low emissions. 
The higher the emissions, the more we reduce the weight; the lower 
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We have also shifted weights from highly-rated countries to 
lower-rated countries. This is illustrated in Figure 6. For example, 
the weight of BBB-rated bonds increases from 5% to 10%. The 
increased weight of lower-rated bonds increases the vulnerability of 
the portfolio in times of heightened sovereign credit risk like the 
eurozone sovereign debt crisis.

The naïve decarbonization thus unintendedly increased the 
portfolio’s absolute risk: the duration has increased and the credit 
profile has deteriorated. Because of this altered risk profile, the 
performance of the decarbonized index will differ from that of the 
regular index. The naïve approach to carbon reduction doesn’t 
control this relative risk, i.e. tracking error versus the market value 
weighted index. Finally, the naïve approach to decarbonization does 
not take other dimensions of sustainability into account. While the 
resulting portfolio will have a lower average carbon intensity, it 
might accidentally score less well on other environmental, social 
and governance measures.

The weighted average of the carbon emissions in the original index 
is 10.84. With the adjusted weights, this is 8.67. By adjusting the 
weights, we have created an index with 20% lower carbon 
emissions as intended. However, we have also shifted weight from 
the markets with the lowest durations to markets with higher 
durations. For example, we halve the weight of all US bonds, and we 
double the weight of all UK bonds. 

In the US, 80% of the bonds have a remaining maturity of less than 
10 years. In the UK, this is only 54%, where 46% of bonds have a 
maturity of more than 10 years. By shifting weight from the US to 
the UK, we have also shifted weight from shorter-dated bonds to 
longer-dated bonds. As a result, the adjusted index has a duration 
of 8.7, clearly higher than the 8.1 of the original index. A higher 
duration exposes the portfolio to larger losses in times of rising 
yields.

Table 1 | Bond market characteristics and weights in market value weighted index and naïve decarbonized index

CO2 / capita Duration Rating Market value index 
weight

Decarbonized index 
weight

Canada 14.9 6.57 AAA 2.0% 1.1%

Australia 14.3 6.63 AAA 1.7% 0.9%

United States 14.2 6.89 AAA 50.0% 28.0%

Japan 8.6 10.05 A 18.1% 18.8%

Netherlands 8.5 9.2 AAA 1.2% 1.2%

Belgium 8.2 9.8 AA 1.3% 1.5%

Germany 8.1 8.21 AAA 4.4% 4.9%

Italy 5.4 7.22 BBB 5.3% 9.7%

Spain 5.0 7.94 A 3.6% 7.3%

United Kingdom 5.0 12.66 AA 5.8% 11.9%

Denmark 4.7 9.15 AAA 0.3% 0.6%

France 4.6 8.88 AA 6.1% 13.6%

Sweden 3.8 7.27 AAA 0.2% 0.5%

Total CO2/capita: 10.84        8.67 Duration: 8.1        8.7

Source:  Robeco, EDGAR, JP Morgan
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This example demonstrates why we call this the naïve approach to 
decarbonization. It adjusts the weights of bonds based only on the 
carbon emissions of the country that issued the bond. Therefore, it 
adjusts the weights of all bonds from a country by the same factor. 
In our example, the weight of all US bonds is reduced, and the 
weight of all UK bonds is increased. 

However, we have seen that the UK has more long-dated bonds 
outstanding than the US. Therefore we are replacing some 5-year 
US Treasury bonds with 30-year UK Gilts. While replacing US bonds 
with UK bonds is a valid way to reduce the portfolio’s average 
carbon emissions, it would make sense to replace short-dated 
Treasuries with short-dated Gilts instead of increasing the weight of 
all UK bonds, including the longest ones. This is an obvious way to 
improve upon the naïve approach. In other cases, it will be 
somewhat more complicated, but the general idea is to adjust 
weights on a bond-by-bond basis rather than on a country-by-
country basis by taking more characteristics into account than just 
the issuing country’s emissions. By doing this we can control risk 
more effectively.

AAA

AA

A

BBB

AAA

AA

A

BBB

Figure 6 | Rating distribution of market-value weighted index (left) and naïve decarbonized index (right)

Source: Robeco, JP Morgan
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Efficient decarbonization: controlling risk and 
safeguarding the ESG profile
To avoid the drawbacks of the naïve carbon reduction, we have to 
control risk. Instead of adjusting the weight of all bonds from a 
country by the same factor, based only on its emissions, we use a 
portfolio construction algorithm that takes multiple dimensions of 
risk into account. This allows us to construct portfolios with a lower 
carbon intensity, while controlling risk measures like duration, the 
weight in lower-rated bonds, the weight in less liquid market 
segments and the deviations from the regular market-weighted 
index. We also ensure that we do not weaken the portfolio’s ESG 
score.

Table 2 compares this approach to the naïve index solution. We 
took the JP Morgan Global Government Bond Index as the starting 
point. The naïve portfolio is constructed as explained in the 
previous section: the weights of all bonds from a country with high 
emissions are reduced by the same factor, while the weights of 
bonds from a country with low emissions are increased – again 
with the same factor applied for all bonds from a given country. In 
this example we generated a portfolio that over the past two 
decades had 25% lower carbon intensity than the JP Morgan index.

The table shows that the average CO2/capita of the resulting “naïve” 
portfolio was 9 ton/year, 25% below the 11.9 average for the JP 
Morgan index. However, as the weights are adjusted solely on 
carbon intensity, the naïve approach has unintentionally resulted in 
a small deterioration of the average ESG score (for these 
RobecoSAM country ESG scores, a higher number indicates a better 
sustainability profile). 

Furthermore, the naïve portfolio has a higher duration than the 
original index and twice its exposure to lower-rated countries within 
the Eurozone. The mismatch of the naïve portfolio versus the index, 
in terms of duration and credit ratings, results in return differences 
caused by interest-rate changes and movements in country 
spreads. As a result, the naïve portfolio has a tracking error of 
0.92% compared to the JP Morgan index over 2001-2022.
We have also constructed a portfolio using our risk-controlled 
framework. This portfolio has an average carbon intensity of 8.2, 
31% below the JP Morgan index. We do not allow the portfolio’s 
ESG score to be below that of the index, in fact we have even 
improved the average ESG score. As we control the interest-rate 

and spread risk of the portfolio, its returns remain aligned with 
those of the JP Morgan index: the tracking error is 0.64%, nearly a 
third lower than that of the naïve approach. By controlling risk, we 
can decarbonize government bond portfolios more efficiently and 
therefore reach a stronger decarbonization with a lower tracking 
error.

Even stronger decarbonization can be achieved when a higher 
relative risk is allowed. A portfolio that has to mimic the index 
closely can achieve less carbon reduction than a portfolio that is 
allowed to deviate more strongly from the index. The risk-controlled 
approach is more efficient, because it can reach the same level of 
decarbonization with a lower tracking error than the naïve 
approach. Or put differently: for any given tracking error budget, it 
can reach a stronger decarbonization than the naïve approach.

Table 2 | Naïve and risk-controlled portfolio with lower carbon intensity than regular index

Source:  Robeco, EDGAR, JP Morgan

JP Morgan index Naïve Risk-controlled Benefit

CO2/Capita 2001 – 2022 11.9 9.0 8.2 Stronger decarbonization

Country ESG 2001 – 2022 7.66 7.58 7.82 Improved ESG profile

Duration latest 8.4 9.8 8.4 Controlled interest rate exposure

Relative rates risk 0.81% 0.66% Lower relative interest rate risk

Relative spread risk 0.42% 0.20% Lower relative spread risk

Tracking error (TE) 0.92% 0.64% Lower TE
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Green beta:  
efficient CO2 reduction with index-like risk and returns

Figure 7 shows there was a clear relationship between countries’ 
emissions and yield level at the end of 2021: the bond markets with 
the highest emissions – Canada, Australia and the US – were also 
the markets with the highest yield levels, while the countries with 
the lowest emissions – Denmark, France and Sweden – had much 
lower yields. We don’t claim that this will always be the case, in fact 
we deliberately chose to use end of 2021 data here as it is such a 
strong example. It serves to illustrate that there can be periods 
where countries with lower emissions generally have lower yields. 
In these periods, the naïve decarbonization will result in a portfolio 
with a lower yield than the regular index, as it adjusts country 
weights solely based on emissions.

In this example we can also see opportunities to protect the 
portfolio’s yield while decarbonizing. For example UK bonds offered 
clearly higher yields than Danish bonds, despite both countries 
being similar in terms of emissions per capita. Shifting weight from 
bonds of high emissions countries to UK bonds, instead of to 
Danish bonds, results in a similar decarbonization, while giving up 
less yield. Replacing Belgian bonds by French bonds reduces the 
portfolio’s average emissions without lowering yield. And replacing 
German bonds by Swedish bonds even combines decarbonization 
with a higher yield. Obviously, we must consider risk, but these 
examples show that we can improve on the naïve decarbonization 
approach by taking valuation into account, aiming to avoid lowering 
the portfolio’s yield.

For investors looking for decarbonization without explicitly 
aiming for alpha, we propose our green beta solution. This 
approach shifts the portfolio to bonds from countries with lower 
emissions while controlling risk and valuation. 

We have explained that our low-carbon solutions avoid the main 
pitfall of the naïve approach as they manage risk in several 
dimensions. One further pitfall of the naïve decarbonization 
approach is that it might result in a portfolio with a lower yield than 
the regular index. As the naïve approach adjusts the country 
weights solely based on carbon emissions, it can also shift weight 
from attractively valued bond markets to lower-yielding bonds. 

Even when investors are not actively aiming to outperform the 
regular index, they might not want to give up too much yield when 
decarbonizing their portfolio – especially when there are less costly 
alternative ways to decarbonize. That’s why our green beta solution 
takes valuation into account, aiming to avoid a low-yielding 
portfolio.

To illustrate the point, the figure below shows the carbon emissions 
and the average yield levels of the main developed government 
bond markets at the end of 2021, using the JP Morgan indices to 
represent these bond markets.

Figure 7 | CO2/capita and average yield level (ultimo 2021) for main developed government bond markets
 

	  
Source: Robeco, EDGAR, JP Morgan
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Green beta: efficient decarbonization
We simulated our green beta solution over the period 2001-2022, 
using the JP Morgan Global Government Bond index as starting 
point. Each month we construct a government bond portfolio that 
has at least 20% lower carbon intensity than the regular index, 
whilst remaining comparable to that index in terms of risk. We also 
ensure that the decarbonization does not harm the portfolio’s ESG 
score and we aim for a portfolio that is as attractive as the index in 
terms of valuation, i.e. we aim to avoid overpaying for sustainability. 
The results are summarized in Table 3.

Table  3  |  Simulated results for green beta portfolio, 2001-2022

Green beta JPM index

Return 2.85% 2.81%

Volatility 3.54% 3.52%

Sharpe 0.53 0.53

Tracking error 0.51% -

CO2/capita 9.37 11.80

ESG score 7.72 7.64

Source:  Robeco, EDGAR, JP Morgan

The green beta solution is indeed comparable to the regular index 
in terms of risk and return, as it has similar average return, volatility, 
and Sharpe ratio. The portfolio has a tracking error of 0.5% to the 
index, indicating its return difference against  the regular index is 
modest. And the average CO2/capita is reduced by 20% as intended. 
This strategy reduces the portfolio’s carbon emissions without 
materially altering its risk profile or expected return.

Figure 8 shows the average carbon intensity of the portfolio and the 
index over time, and the average ESG scores. The average CO2/
capita of the JP Morgan index has gradually declined from 12.7 to 
10.8 ton/year. The portfolio’s emissions are at least 20% below the 
index emissions every month. As the figure on the right illustrates, 
this has been achieved without harming the broader sustainability 
profile. The portfolio’s ESG score is always at least as good as that 
of the index and sometimes even slightly better than that (a higher 
score indicates a better ESG profile).

Figure 8 | Sustainability profile of green beta solution: Carbon intensity (left) & ESG score (right) versus index

		   
Source:  Robeco, EDGAR
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Figure 9 shows the annual returns of the green beta portfolio and 
the index. The returns of the portfolio are similar to those of the 
regular index, as we would expect given the limited tracking error. 
We can thus decarbonize without running large risks versus the 
regular benchmark – and we don’t have to give up financial returns 
in return for the lower carbon emissions.

Our green beta solution can thus reduce a government bond 
portfolio’s carbon intensity whilst controlling risk and avoiding 
paying for it. The green beta approach can be customized based on 
client preferences and it can be applied to other global government 
bond indices too. In addition, adjustments can be made to both the 
required level of decarbonization and the tracking error. Stronger 
decarbonization requires larger deviations from the regular index, 
thus resulting in a higher tracking error. 

Figure 9 | Calendar year returns of green beta and index, simulation, 2001-2022
  

Source:  Robeco

-15%

-10%

-5%

0%

5%

10%

15%

'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 '14 '15 '16 '17 '18 '19 '20 '21 '22
Green beta JPM GBI



17 Efficiently reducing carbon emissions in government bond portfolios – August 2023

Sustainable enhanced index:  
carbon reduction and alpha

To build a multi-factor government bonds portfolio, we first rank all 
bonds based on the factors, i.e. we measure each bond on how well 
it scores on these factors. Then we construct a portfolio with 
strong factor exposures, i.e. with bonds that have attractive 
valuation, momentum and so on. To harvest the factor premiums 
efficiently, we aim to get as much factor exposure as possible 
within a given risk budget, while avoiding unrewarded risks. This 
risk-controlled portfolio construction process strongly resembles 
what we described earlier in this paper. In fact, to construct the 
efficient low-carbon portfolios we used the same portfolio 
construction algorithm, only with different settings.

Combining carbon reduction with multi-factor 
government bond investing
A rules-based portfolio construction algorithm is well-suited for 
combining multiple goals, like alpha generation and 
decarbonization. To see this advantage, one must consider the 
many ways to reduce the average carbon emissions of a portfolio. 
The first solution might be to avoid Australian bonds, as Australia is 
among the countries with the highest emissions per capita. 
However, if Australian bonds are considered attractive from a return 
perspective, one can also overweight Australian bonds, while 
strongly reducing the weight of US bonds, which also have high 
emissions. 

Replacing German bonds with British, French, or Swedish bonds 
also lowers the portfolio’s average intensity. A quantitative portfolio 
construction process is ideally suited to compare all potential ways 
to reduce emissions within the risk constraints and choose the 
option with the most attractive factor exposures – and hence, the 
highest expected return.

Nevertheless, even with a sophisticated portfolio 
construction process, meeting multiple goals can 
be challenging at times. Let’s assume, for example, 
that all bonds from countries with lower emissions 
have negative momentum and all bonds from 
countries with high emissions have positive 
momentum. In such a case, it can be impossible to 
build a portfolio that has both low emissions and 
strong exposure to the momentum factor. The 
decarbonization target can impair the ability to take 
balanced factor exposure. Thus, we should expect 
a somewhat lower risk-adjusted performance than 
for an unconstrained multi-factor strategy.

For investors who want to combine carbon reduction with return 
enhancement, we propose our sustainable enhanced index 
government bonds solution. This approach combines 
decarbonization with multi-factor investing. It shifts the portfolio 
to bonds from countries with lower emissions, while aiming for 
superior risk-adjusted returns. 

The sustainable enhanced index solution combines carbon 
reduction with the objective of enhancing returns. Our multi-factor 
government bond strategy, due to its quant nature, is well-suited to 
meet both goals and control risk. Before demonstrating this, we will 
first briefly introduce factor investing for government bonds.

Introduction to multi-factor investing in government 
bonds 
The goal of factor investing is to earn superior risk-adjusted returns 
by selecting securities based on factors like value and momentum. 
Factor investing is well established in equities and increasingly so 
in credits. As the existence of factor premiums is based on human 
behavior, factor investing should work in any asset class, including 
in government bonds. The academic evidence underpinning factor 
investing in government bonds is growing rapidly. We have 
contributed to this stream of literature by documenting deep-
sample evidence for the well-known factors value, momentum and 
low-risk in government bonds.

We can thus enhance the returns of a global government bond 
portfolio by selecting bonds based on these factors. This is also 
attractive for investors who already employ factor investing in 
equities or credits, as the correlation between the factor returns in 
different asset classes is low.
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Sustainable enhanced index – combining carbon 
reduction with outperformance
We simulated our sustainable enhanced index solution over the 
period 2001-2022, taking the JP Morgan global government bond 
index as a starting point. Each month we construct a government 
bond portfolio that combines our sustainability goals with strong 
factor exposures, while remaining comparable with the regular 
index in terms of risk. To be more precise: the portfolio’s average 
CO2/capita has to be at least 20% below that of the index and the 
portfolio’s ESG score has to be at least as good as that of the index. 
We aim to outperform the index by selecting bonds with strong 
factor exposures, like attractive valuation and positive momentum, 
while controlling turnover. To decarbonize and harvest the factor 
premiums efficiently we control interest-rate risk, exposure to 
lower-rated countries, concentration risk, deviations from the index 
and liquidity risk. The results from this simulation are summarized 
in Table 4 below.

Table 4 |  Simulated results for sustainable enhanced index portfolio, 2001-
2022

Sustainable 
enhanced index

JPM index

Return 3.10% 2.81%

Volatility 3.60% 3.52%

Sharpe 0.60 0.53

Outperformance 0.29% -

Tracking Error 0.64% -

Information Ratio 0.45 -

CO2/capita 9.40 11.80

ESG score 7.71 7.64

Source:  Robeco, EDGAR, JP Morgan

The sustainable enhanced index solution has indeed enhanced 
returns: in the simulation, it has produced somewhat higher returns 
with a similar volatility as the regular index and thus a modestly 
higher Sharpe ratio. At the same time the average CO2/capita is 
reduced by at least 20% at any point in time as intended, and the 
average ESG score is maintained. This strategy thus efficiently 
reduces carbon emissions while it also enhances return.
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Figure 10 | Sustainable enhanced index, simulation, 2001-2022; cumulative returns and annual returns 
 

Source:  Robeco, JP Morgan

Compared to the green beta solution discussed in the previous 
chapter, the tracking error produced by the sustainable enhanced 
index solution is not much higher. Both solutions deliver a similar 
carbon reduction. This shows that we do not need much extra 
tracking error to enhance returns; we can efficiently use the tracking 
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We should be aware that the alpha can be less consistent in 
periods where decarbonization impairs the factor exposure in 
comparison to an unconstrained multi-factor portfolio. This is 
reflected in the information ratio, which is decent, but lower than 
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Just like the green beta solution, the sustainable enhanced index 
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carbon reduction. We can show whether the desired reduction is 
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enhancement.
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Conclusion

We have discussed why and how to reduce carbon emissions in government bond portfolios. Our solutions 
avoid the pitfalls of the naïve decarbonization approach and result in efficient decarbonization, i.e. strong 
carbon reduction with limited tracking error. We present a solution with index-like risk and return and one that 
combines decarbonization with return enhancement. 

Carbon reduction is gaining interest among investors. We propose decarbonization solutions for government 
bonds. Government bond investors face risks related to the climate transition. Investors can mitigate these risks 
by shifting their portfolios to bonds from countries with lower emissions. By doing so, they also might encourage 
governments to take climate action and provide funding for climate policies.

Reducing a portfolio’s carbon intensity by reducing the weight of bonds from high-emissions countries and 
increasing the weight of bonds from countries with lower emissions is not trivial. A naïve decarbonization 
approach can have unintended consequences for the risk profile, like a higher duration, a weaker average credit 
rating and lower liquidity. It can also reduce a portfolio’s yield and weaken the portfolio’s ESG profile.

We propose two solutions that avoid these pitfalls. Our risk-controlled portfolio construction results in a more 
efficient decarbonization: we can reach the same reduction in average emissions with less risk than the naïve 
approach, or a stronger reduction than the naïve approach with the same risk budget. Both solutions also ensure 
that the ESG profile does not deteriorate.

•	 For investors looking for decarbonization without explicitly aiming for alpha, we propose our green beta 
solution. This approach aims to avoid overpaying for lower emissions. We show that this results in a portfolio 
with significantly lower emissions, while mimicking the risk and return profile of the regular index.

•	 	For investors who want to combine carbon reduction with return enhancement, our sustainable enhanced index 
solution reduces a government bond portfolio’s carbon intensity and enhances its returns through factor 
investing.

Both solutions can be used with various benchmarks as starting point and customized to client’s risk limits and 
desired level of carbon reduction. We have shown results using production-based CO2 emissions per capita as 
measure of country emissions, but we also discuss alternative measures. Our solutions can target these other 
measures as well.
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This document is considered for use solely by qualified investors and is distributed by 
Robeco Japan Company Limited, registered in Japan as a Financial Instruments 
Business Operator, [registered No. the Director of Kanto Local Financial Bureau 
(Financial Instruments Business Operator), No.2780, Member of Japan Investment 
Advisors Association]. 

Additional information for investors with residence or seat in South Korea
The Management Company is not making any representation with respect to the 
eligibility of any recipients of the Prospectus to acquire the Shares therein under the 
laws of South Korea, including but not limited to the Foreign Exchange Transaction Act 
and Regulations thereunder. The Shares have not been registered under the Financial 
Investment Services and Capital Markets Act of Korea, and none of the Shares may be 
offered, sold or delivered, or offered or sold to any person for re-offering or resale, 
directly or indirectly, in South Korea or to any resident of South Korea except pursuant 
to applicable laws and regulations of South Korea.

Additional information for investors with residence or seat in Liechtenstein
This document is exclusively distributed to Liechtenstein-based, duly licensed financial 
intermediaries (such as banks, discretionary portfolio managers, insurance companies, 
fund of funds) which do not intend to invest on their own account into Fund(s) 
displayed in the document. This material is distributed by Robeco Switzerland Ltd, 
postal address: Josefstrasse 218, 8005 Zurich, Switzerland. LGT Bank Ltd., 
Herrengasse 12, FL-9490 Vaduz, Liechtenstein acts as the representative and paying 
agent in Liechtenstein. The prospectus, the Key Information Documents (PRIIP)the 
articles of association, the annual and semi-annual reports of the Fund(s) may be 
obtained from the representative or via the website. 

Additional information for investors with residence or seat in Malaysia
Generally, no offer or sale of the Shares is permitted in Malaysia unless where a 
Recognition Exemption or the Prospectus Exemption applies: NO ACTION HAS BEEN, 
OR WILL BE, TAKEN TO COMPLY WITH MALAYSIAN LAWS FOR MAKING AVAILABLE, 

OFFERING FOR SUBSCRIPTION OR PURCHASE, OR ISSUING ANY INVITATION TO 
SUBSCRIBE FOR OR PURCHASE OR SALE OF THE SHARES IN MALAYSIA OR TO 
PERSONS IN MALAYSIA AS THE SHARES ARE NOT INTENDED BY THE ISSUER TO BE 
MADE AVAILABLE, OR MADE THE SUBJECT OF ANY OFFER OR INVITATION TO 
SUBSCRIBE OR PURCHASE, IN MALAYSIA. NEITHER THIS DOCUMENT NOR ANY 
DOCUMENT OR OTHER MATERIAL IN CONNECTION WITH THE SHARES SHOULD BE 
DISTRIBUTED, CAUSED TO BE DISTRIBUTED OR CIRCULATED IN MALAYSIA. NO 
PERSON SHOULD MAKE AVAILABLE OR MAKE ANY INVITATION OR OFFER OR 
INVITATION TO SELL OR PURCHASE THE SHARES IN MALAYSIA UNLESS SUCH 
PERSON TAKES THE NECESSARY ACTION TO COMPLY WITH MALAYSIAN LAWS. 

Additional information for investors with residence or seat in Mexico
The funds have not been and will not be registered with the National Registry of 
Securities or maintained by the Mexican National Banking and Securities Commission 
and, as a result, may not be offered or sold publicly in Mexico. Robeco and any 
underwriter or purchaser may offer and sell the funds in Mexico on a private placement 
basis to Institutional and Accredited Investors, pursuant to Article 8 of the Mexican 
Securities Market Law.

Additional information for investors with residence or seat in Peru
The Superintendencia del Mercado de Valores (SMV) does not exercise any supervision 
over this Fund and therefore the management of it. The 
information the Fund provides to its investors and the other services it provides to 
them are the sole responsibility of the Administrator. This Prospectus is not for public 
distribution.

Additional information for investors with residence or seat in Singapore
This document has not been registered with the Monetary Authority of Singapore 
(“MAS”). Accordingly, this document may not be circulated or distributed directly or 
indirectly to persons in Singapore other than (i) to an institutional investor under 
Section 304 of the SFA, (ii) to a relevant person pursuant to Section 305(1), or any 
person pursuant to Section 305(2), and in accordance with the conditions specified in 
Section 305, of the SFA, or (iii) otherwise pursuant to, and in accordance with the 
conditions of, any other applicable provision of the SFA. The contents of this document 
have not been reviewed by the MAS. Any decision to participate in the Fund should be 
made only after reviewing the sections regarding investment considerations, conflicts 
of interest, risk factors and the relevant Singapore selling restrictions (as described in 
the section entitled “Important information for Singapore Investors”) contained in the 
prospectus. Investors should consult their professional adviser if you are in doubt 
about the stringent restrictions applicable to the use of this document, regulatory 
status of the Fund, applicable regulatory protection, associated risks and suitability of 
the Fund to your objectives. Investors should note that only the Sub-Funds listed in the 
appendix to the section entitled “Important information for Singapore Investors” of the 
prospectus (“Sub-Funds”) are available to Singapore investors. The Sub-Funds are 
notified as restricted foreign schemes under the Securities and Futures Act, Chapter 
289 of Singapore (“SFA”) and invoke the exemptions from compliance with prospectus 
registration requirements pursuant to the exemptions under Section 304 and Section 
305 of the SFA. The Sub-Funds are not authorized or recognized by the MAS and 
shares in the Sub-Funds are not allowed to be offered to the retail public in Singapore. 
The prospectus of the Fund is not a prospectus as defined in the SFA. Accordingly, 
statutory liability under the SFA in relation to the content of prospectuses does not 
apply. The Sub-Funds may only be promoted exclusively to persons who are sufficiently 
experienced and sophisticated to understand the risks involved in investing in such 
schemes, and who satisfy certain other criteria provided under Section 304, Section 
305 or any other applicable provision of the SFA and the subsidiary legislation enacted 
thereunder. You should consider carefully whether the investment is suitable for you. 
Robeco Singapore Private Limited holds a capital markets services license for fund 
management issued by the MAS and is subject to certain clientele restrictions under 
such license. 

Additional information for investors with residence or seat in Spain
Robeco Institutional Asset Management B.V., Sucursal en España with identification 
number W0032687F and having its registered office in Madrid at Calle Serrano 47-14º, 
is registered with the Spanish Commercial Registry in Madrid, in volume 19.957, page 
190, section 8, sheet M-351927 and with the National Securities Market Commission 
(CNMV) in the Official Register of branches of European investment services 
companies, under number 24. The investment funds or SICAV mentioned in this 
document are regulated by the corresponding authorities of their country of origin and 
are registered in the Special Registry of the CNMV of Foreign Collective Investment 
Institutions marketed in Spain.

Additional information for investors with residence or seat in South Africa
Robeco Institutional Asset Management B.V. is registered and regulated by the 
Financial Sector Conduct Authority in South Africa.
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Additional information for investors with residence or seat in Switzerland
The Fund(s) are domiciled in Luxembourg. This document is exclusively distributed in 
Switzerland to qualified investors as defined in the Swiss Collective Investment 
Schemes Act (CISA). This material is distributed by Robeco Switzerland Ltd, postal 
address: Josefstrasse 218, 8005 Zurich. ACOLIN Fund Services AG, postal address: 
Leutschenbachstrasse 50, 8050 Zürich, acts as the Swiss representative of the 
Fund(s). UBS Switzerland AG, Bahnhofstrasse 45, 8001 Zurich, postal address: 
Europastrasse 2, P.O. Box, CH-8152 Opfikon, acts as the Swiss paying agent. The 
prospectus, the Key Information Documents (PRIIP), the articles of association, the 
annual and semi-annual reports of the Fund(s), as well as the list of the purchases and 
sales which the Fund(s) has undertaken during the financial year, may be obtained, on 
simple request and free of charge, at the office of the Swiss representative ACOLIN 
Fund Services AG. The prospectuses are also available via the website. 

Additional information relating to RobecoSAM-branded funds/services
Robeco Switzerland Ltd, postal address Josefstrasse 218, 8005 Zurich, Switzerland 
has a license as asset manager of collective assets from the Swiss Financial Market 
Supervisory Authority FINMA.  The RobecoSAM brand is a registered trademark of 
Robeco Holding B.V. The brand RobecoSAM is used to market services and products 
which entail Robeco’s expertise on Sustainable Investing (SI). The brand RobecoSAM is 
not to be considered as a separate legal entity.

Additional information for investors with residence or seat in Taiwan 
The contents of this document have not been reviewed by any regulatory authority in 
Hong Kong. If you are in any doubt about any of the contents of this document, you 
should obtain independent professional advice. This document has been distributed by 
Robeco Hong Kong Limited (“Robeco”). Robeco is regulated by the Securities and 
Futures Commission in Hong Kong.

Additional information for investors with residence or seat in Thailand
The Prospectus has not been approved by the Securities and Exchange Commission 
which takes no responsibility for its contents. No offer to the public to purchase the 
Shares will be made in Thailand and the Prospectus is intended to be read by the 
addressee only and must not be passed to, issued to, or shown to the public generally.

Additional information for investors with residence or seat in the United Arab 
Emirates
Some Funds referred to in this marketing material have been registered with the UAE 
Securities and Commodities Authority (“the Authority”). Details of all Registered Funds 
can be found on the Authority’s website. The Authority assumes no liability for the 
accuracy of the information set out in this material/document, nor for the failure of any 
persons engaged in the investment Fund in performing their duties and responsibilities. 

Additional information for investors with residence or seat in the United Kingdom
Robeco is deemed authorized and regulated by the Financial Conduct Authority.

Additional information for investors with residence or seat in Uruguay
The sale of the Fund qualifies as a private placement pursuant to section 2 of 
Uruguayan law 18,627. The Fund must not be offered or sold to the public in Uruguay, 
except under circumstances which do not constitute a public offering or distribution 
under Uruguayan laws and regulations. The Fund is not and will not be registered with 
the Financial Services Superintendency of the Central Bank of Uruguay. The Fund 
corresponds to investment funds that are not investment funds regulated by 
Uruguayan law 16,774 dated 27 September 1996, as amended.
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