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Abstract 

We estimated elasticities for climate-change, green and corporate bonds. Consistent with 

demand theory, own-price elasticities are negative. These assets are generally substitutes but 

exhibit some complementarity between climate-change and green bonds early in the sample.  

Thus, companies issuing bonds may want to issue both types of bonds allowing potential 

bond holders to diversify their portfolios. Climate-change and corporate bond budget 

elasticities generally exceed unity, while green bond budget elasticities are generally 

inelastic. These budget elasticities indicate that corporations should expect these markets to 

grow with economy.   
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Introduction 

Well-functioning bond markets contribute to economic development and growth.  Green 

bonds fund a range of positive environmental projects like recycling.  Climate-change bonds fund 

climate programs like renewable energy plants. Corporate bonds, excluding green bonds and 

climate change, are used for a variety of reasons.  To examine changes in the demand for bonds 

over time, we estimate elasticities between climate-change, green and corporate bonds using a 

Fourier specification. 

Fleissig and Swofford (1996) examined substitution between financial assets using a 

Fourier model, but did not include bonds. Elasticities between financial assets and bonds was 

examined by Fleissig and Swofford (2020) but they did not separate out climate-change and green 

bonds.  Analyzing the impact of green bonds on other bonds is important as Tang and Zhang (2020) 

find stock prices respond positively to green bond issuance and liquidity improves, Flammer 

(2021) finds bond purchasers respond positively to green bond announcements, and Fernandes, 

Silva, de Araujo and Tabak (2023) find that green and corporate bonds have nonlinear correlations. 

Consistent with demand theory, all estimated own-price elasticities are negative. Climate-

change and green bonds are considerably more variable in the early part of the sample.  The own-

price elasticities of green bonds settle around those of corporate bonds, while climate-change 

bonds remain more elastic. 

Our estimated Morishima elasticities indicate that climate-change bonds, green bonds, and 

corporate bonds are generally substitutes.  There is evidence of complementarity between climate-

change and green bonds early in the sample which implies that corporations entering these markets 

may want to issue both types of bonds.  We reject symmetry for most of the Morishima elasticities 

so which bond price changes matters.  
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Estimated budget elasticities are positive.  Climate-change bonds and corporate bonds have 

budget elasticities generally exceeding unity, while green bonds have inelastic budget elasticities 

generally between zero and unity.   The budget elasticities indicate that corporations should expect 

these markets to grow with the economy. 

Fourier Specification 

We estimated a Fourier specification to find elasticities from an unknown data generating 

function.  The semi-nonparametric Fourier specification is dense in a Sobolev norm and can 

globally approximate levels and partial derivatives of a continuous utility function giving arbitrary 

unconstrained estimates of elasticities of substitution, see Gallant (1981) and El Badawi, Gallant, 

and Souza (1983).  Approximating derivatives precisely is important as elasticities are derived 

from first and second partial derivatives. 

Let 𝒂௧ be a vector of real per capita quantities and 𝒖𝒄௧ a vector of nominal user-costs in 

period 𝑡.  Expenditure shares for the bonds are 𝑤௜௧ ൌ 𝑢𝑐௜௧𝑎௜௧/𝑦௧ with 𝒗௧ ൌ 𝒖𝒄௧/𝑦௧ the vector of 

expenditure normalized user-costs and 𝑦௧ ൌ 𝒖𝒄௧′𝒂௧ is total expenditure.  The Fourier specification 

of Gallant (1981) is: 

𝑓ሺ𝒗,𝜽ሻ ൌ 𝑢଴ ൅ 𝒃ᇱ𝒗 ൅ ଵ
ଶ
𝒗ᇱ𝑪𝒗 ൅෍ቌ𝑢଴ఈ ൅ 2෍ൣ𝑢௝ఈ cosሺ𝑗𝒌ఈᇱ 𝒗ሻ െ 𝑤௝ఈsinሺ𝑗𝒌ఈᇱ 𝒗ሻ൧

௃

௝ୀଵ

ቍ

஺

ఈୀଵ

 

where 𝐶 ൌ െ∑ 𝑢଴ఈ𝒌ఈ𝒌ఈᇱ஺
ఈୀଵ  and the vector of parameters to be estimated 𝜃 ൌ

൛𝒃,𝑢଴ఈ ,𝑢௝ఈ,𝑤௝ఈ: 𝑗 ൌ 1,2, … , 𝐽;  𝛼 ൌ 1,2, … ,𝐴ൟ.  A multi-index, k, denotes partial differentiation 

of the utility function. The number of terms and degree of the Fourier polynomials are determined 

by the parameters 𝐴 and 𝐽 through empirical testing. The nonlinearity of the data generating 

function will determine the number of terms used and degree of the polynomials. The share 

equations are:   
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𝑤௜ሺ𝒗,𝜽ሻ ൌ
𝑏௜𝑣௜ െ ∑ ൫𝑢଴ఈ𝒗′𝒌ఈ ൅ 2∑ 𝑗ൣ𝑢௝ఈ sinሺ𝑗𝒌ఈᇱ 𝒗ሻ ൅ 𝑤௝ఈcosሺ𝑗𝒌ఈᇱ 𝒗ሻ൧

௃
௝ୀଵ ൯஺

ఈୀଵ 𝑘௜ఈ𝑣௜

𝒃ᇱ𝒗 െ ∑ ቀ𝑢଴ఈ𝒗′𝒌ఈ ൅ 2∑ 𝑗ൣ𝑢௝ఈ sinሺ𝑗𝒌ఈᇱ 𝒗ሻ ൅ 𝑤௝ఈcosሺ𝑗𝒌ఈᇱ 𝒗ሻ൧
௃
௝ୀଵ ቁ஺

ఈୀଵ 𝒌ఈᇱ 𝒗
 

With three or more variables Blackorby and Russell (1989) show that the elasticity of 

substitution is measured by the Morishima elasticity )( iijiiij wME   where ij are the Allen 

elasticity of substitution.  The Morishima elasticity provides estimates of substitution for both 

changes in the price of asset i and j and has been used by Davis and Gauger (1996), Fisher and 

Fleissig (1997), Fleissig and Swofford (2022), Liu and Serletis (2022) and Serletis and Xu (2023).  

Data 

We use monthly data on U.S. asset and returns for climate-change, green and corporate 

bonds.  Climate-change and green bond data are from Bloomberg1 with corporate bonds holdings 

from FRED.2  The sample has 46 monthly observations from 2019:1 through 2022:10 for each of 

the three bonds.3 As green bonds include climate-change bonds, we subtracted climate-change 

bonds from green bonds to find non-climate-change green bonds.  Similarly, since climate-change 

and green bonds are corporate bonds, we subtracted green bonds from corporate bonds to find non-

green corporate bonds.   We converted the bonds data into real per capita terms using the monthly 

CPI-U and monthly population 16-years old and older.  

Following Barnett (1978) and Donovan (1978) the nominal user-costs for each asset are:  

𝑢𝑐௜௧ ൌ 𝑃௧ሺ𝑅௧ െ 𝑟௜௧ሻ/ሺ1 ൅ 𝑅௧ሻ, 

where 𝑟௜௧ is the return on an asset, 𝑃௧ is the CPI and 𝑅௧ is a benchmark rate.   Rates of returns on 

climate-change and green bonds are the minimum of yield to call and yield to maturity of the 

 
1 H33588US Index (Bloomberg climate change bonds proxy index US) and I31563US Index (Bloomberg 
US green bond index_corporate). 
2 CFBABSHNO is quarterly and monthly observations were interpolated. 
3 Or 138 observations over the three-equation specification. 
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associated bonds from Bloomberg.4  The rate of return on corporate bonds is the monthly 10-year 

high quality market corporate bond par yield from FRED.5  The benchmark rate is calculated as 

the maximum return from all the assets following Anderson and Jones (2011). 

Results 

We estimated a Fourier specification using International TSP 5.1 seemingly unrelated 

regression procedure with across-equation restrictions imposed to ensure adding up, as in Gallant 

(1981).6  The normalization of b3=-1 was imposed with convergence set at 0.00001.  The degree 

of the Fourier polynomials, A=3 and J=1, was determined by the upward F-test procedure of 

Eastwood and Gallant (1991).  Most parameters are statistically significant and share equations 

provide an accurate approximation in terms of the R-square and the root mean square error.  A 

first-order vector autoregressive process is applied to correct for serial correlation (Berndt and 

Savin, 1975).  A Q-statistic with the Box-Pierce test for autocorrelation for each share indicates 

white noise at the 5% level.   

Consistent with demand theory, the own-price (user-cost) elasticities for each asset are 

always negative.7  In Figure 1 corporate bonds are generally inelastic in demand, although for 

some months slightly elastic.  Green bonds are generally elastic and perhaps unsurprisingly for a 

new market considerably more variable in the early months of the sample before settling into a 

similar range to corporate bonds.  Climate-change bonds are elastic and also considerably more 

variable early in the sample.  Climate-change bonds own-price elasticities remain more elastic, 

but in the range found by Fleissig and Swofford (2020) for financial assets. 

 
4 Minimum of yield to call and yield to maturity is sometimes called yield to worst. 
5 Series HQMCB10YRP. 
6 All results discussed but not presented are available upon request. 
7 All 138-point estimates of the own-price elasticities are negative. 
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Descriptive statistics for the Morishima elasticities are in Table 1.  Climate-change, green 

and corporate bonds are substitutes on average, but for some months early in the sample climate-

change and green bonds were complements. Corporations entering these markets may want to 

issue both types of bonds allowing bond holders to diversify their portfolios.  
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Table 1 
Morishima Elasticities of Substitution 

Elasticity Mean Minimum Maximum 
Standard 
Deviation 

ME12 0.723 -1.124 1.358 0.711 
ME21 0.864 -1.358 2.155 0.966 
ME13 1.132 1.045 1.247 0.056 
ME31 1.662 0.757 2.516 0.442 
ME23 1.179 0.445 1.622 0.256 
ME32 1.836 1.125 2.536 0.351 

MEij=Morishima Elasticity between asset 𝑖 and 𝑗 for a change in the user-cost of asset i 
1=Climate-change Bonds     2=Green Bonds     3=Corporate Bonds 

   

Morishima elasticities between climate-change and green bonds (ME12), for a change in 

the user-cost of climate-change bonds are in Figure 2.  The ME12 elasticities are relatively variable 

showing considerable complementarity in early periods when markets are still new and relatively 

thin. These assets become substitutes as these markets mature and deepen. Elasticities between 

climate-change bonds and corporate bonds (ME13) show substitution over the entire sample.  
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Again, Morishima elasticities between green bonds and climate-change bonds (ME21) 

shown in Figure 3 are considerably more variable in the early part of the sample and show some 

periods of complementarity.  Morishima elasticities between green and corporate bonds (ME23), 

for a change in the user-costs of green bonds, are less variable and always substitutes.   
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The Morishima elasticities between corporate and climate-change bonds (ME31) and 

corporate and green bonds (ME32), for a change in the user cost of corporate bonds are in Figure 

4.  These assets are substitutes in use for each other in each period and is relatively more variable 

in 2019 compared to the remainder of the sample.  
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Morishima elasticities are not required to be symmetric and can differ depending on if asset 

i or j causes a change in the relative user-cost.  We test for symmetry by evaluating if MEij=MEji 

and reject symmetry for 107 out of 132 pairs of Morishima elasticities. Thus, changes in the user 

cost of each bond can have different impacts on substitution between pairs of bonds. 
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The Morishima elasticities between climate-change and green bond are in Figure 5 and 

show complementarity for 11 months for 2019 and 2020.  The Morishima elasticity of climate-

change bonds with respect to changes in the user cost of green bonds (ME21) shows 

complementarity for five early months. We reject symmetry for 37 of 44 for the ME12 and ME21 

elasticities. 

Climate-change bonds and corporate bonds are always substitutes as shown in Figure 6.  

The Morishima elasticities of corporate bonds, with respect to change in the user-cost of climate-

change bonds (ME13), are relatively less variable and always exceed unity.  The elasticities of 

climate-change bonds, with respect to corporate bonds (ME31), while always substitutes vary 

considerably more and fall below unity in some early periods.  We reject symmetry for 37 of 44 

Morishima elasticities. 
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Morishima elasticities between green and corporate bonds show that they are always 

substitutes as shown in Figure 7.  The degrees of substitution are quite different early on in the 

sample but appear to converge as the green bond market matures and are quite similar at the end 

of the period.  We reject symmetry for 33 of 44 of these elasticities. 
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The budget elasticities shown in Figure 8 are positive for each asset. Climate-change and 

corporate bonds have budget elasticities generally exceeding unity.  Green bonds have budget 

elasticities that are generally inelastic and between zero and unity.  Thus, as the economy grows, 

climate-change and corporate bonds purchases grow by a larger percentage than green bonds.  

These budget elasticities indicate corporations should expect these markets to grow with the 

economy. 

 

 

 

 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0
2

0
1

9
.0

2

2
0

1
9

.0
4

2
0

1
9

.0
6

2
0

1
9

.0
8

2
0

1
9

.1
0

2
0

1
9

.1
2

2
0

2
0

.0
2

2
0

2
0

.0
4

2
0

2
0

.0
6

2
0

2
0

.0
8

2
0

2
0

.1
0

2
0

2
0

.1
2

2
0

2
1

.0
2

2
0

2
1

.0
4

2
0

2
1

.0
6

2
0

2
1

.0
8

2
0

2
1

.1
0

2
0

2
1

.1
2

2
0

2
2

.0
2

2
0

2
2

.0
4

2
0

2
2

.0
6

2
0

2
2

.0
8

2
0

2
2

.1
0

Figure 7
ME23 and ME32

2=Green Bonds  3=Corporate Bonds

ME32 ME23



14 
 

Conclusions 
We estimate elasticities between climate-change, green and corporate bonds. Consistent 

with demand theory, the estimated own-price elasticities were all negative.  Own-price elasticities 

of climate-change and green bonds are considerably more variable early in the sample when those 

markets were relatively new and thin.  Own-price elasticities of corporate bonds are inelastic on 

average but close to and sometimes exceed unity. 

Morishima elasticities on average show that bonds are substitutes for each other.  There is 

complementarity between climate-change bonds and green bonds early in the sample.  Thus, 

corporations may want to issue green and climate-change bonds when they enter these markets.  

The budget elasticities are all positive indicating corporations should expect these markets 

to grow as the economy grows.  Climate-change and corporate bond budget elasticities generally 

exceed unity, while green bond budget elasticities were inelastic and between zero and unity. 
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