
1. Is it possible to simulate the isotopic variation caused 

by the emission of CDV on a global scale?

2. What are the impacts of CDV on the atmospheric 

water isotopes, especially in urban areas?
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1. Introduction

Q1: What is combustion-derived vapor (CDV)?

Q2: Why use water vapor isotope as the tool to study on CDV?

• Stable water vapor isotopes represent a promising method to 

partition observed vapor between combustion and natural sources.

(Fiorella et al., 2018)

2. Methodology

3. Water Vapor d-excess Change 5. Precipitation

6. Summary

1. With the emission rate from the anthropogenic CO2 flux map, the inclusion of 

CDV would decrease the water vapor d-excess in areas with dense cities.

2.  The impact of CDV on the isotopic composition was more significant in winter 

than in summer due to the lower naturally evaporating vapor amount. 

3. From 2001 to 2020, the impact of CDV on the vapor isotopes is continuously 

increasing with the process of urbanization and industrialization on the global 

scale, especially in East Asia. 

4. The validation with observed precipitation isotopes indicated that the basic 

simulation of water d-excess should be improved before further study on CDV.
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4. Impact of CDV

𝒆𝒗𝒂𝒑𝒕𝒐𝒕𝒂𝒍 = 𝒆𝒗𝒂𝒑𝒏𝒂𝒕 + 𝒆𝒎𝒊𝒕𝑪𝑫𝑽

𝑹𝒕𝒐𝒕𝒂𝒍 ∙ 𝒆𝒗𝒂𝒑𝒕𝒐𝒕𝒂𝒍 = 𝑹𝒏𝒂𝒕 ∙ 𝒆𝒗𝒂𝒑𝒏𝒂𝒕 + 𝑹𝑪𝑫𝑽 ∙ 𝒆𝒎𝒊𝒕𝑪𝑫𝑽

Isotopic ratio of CDV from 

combustion experiment:

δ2H = -134.4 ‰      

δ18O = 9 ‰

(Xing et al., 2020) ODIAC Anthropogenic 

CO2 emission dataset
Input emission rate of CDV

Average molar ratio 

of CDV to CO2 

emission: 1.5

(Gorski et al., 2015)

Fig.1 The 20-year mean 2m vapor d-excess before (a) and after (b) 
the addition of CDV, and the difference between them (d)

Fig.2 Time series and monthly variation of CDV emission rate 
(a&b), 2m specific humidity caused by CDV (c&d), change of 
2m vapor d-excess (e&f), and CDV fraction (g&h)

Fig.3 Change of 2m vapor d-excess after the addition of 
CDV (b) and the CDV fraction (c) in different urban regions

Fig.4 Relationship between  
2m vapor d-excess and 2m 
specific humidity before 
(left) and after (middle) the 
addition of CDV and the 
difference (right) in January 
and July

Fig.5 Wavelet power spectrum and global wavelet spectrum power of the urban 2m vapor 
d-excess from 2019 to 2020 before (top) and after (bottom) the addition of CDV

Fig.6 Comparison of the average precipitation rate and d-excess from 
observed data from the GNIP dataset and simulated data from this study

• The decrease in vapor d-excess was closely related to 

the distribution of urban areas.

• The inclusion of CDV would obviously enhance the 

seasonality of vapor d-excess.

• From 2001 to 2020, the decrease of vapor d-excess in 

urban areas in East Asia was much more significant 

than in other regions
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