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Driven  by  economic  and  social  development  as  well  as  human  needs,
transportation networks and systems have led to an increase in carbon and
pollutant emissions.1 It is worth noting that transportation is the third largest
source  of  carbon  emissions  in  China.  With  the  continuous  growth  of  motor
vehicle ownership, the share of carbon emissions originating from road traf-

fic in cities is highly prominent. Considering the city of Shenzhen, China as an
example,  road  traffic  carbon  emissions  account  for  over  80%  of  the  total
emissions from the transportation sector and are up to 48% of the total direct
carbon emissions. Meanwhile, it has been proven that long-term exposure to
vehicle pollutants can induce respiratory,  cardiovascular,  and other diseases

in  humans,  even  increasing  the  risk  of  death.2 Therefore,  China  is  currently
facing  the  dual  challenge  of  growing  carbon  and  pollutant  emissions  from
road traffic,  and difficulties in  precise and refined collaborative governance.3

To address urban climate change and safeguard public  health,  it  is  impera-

tive to meticulously  characterize the patterns of  carbon and pollutant  emis-
sions from road traffic, and propose emission reduction action plans.

On  March  15,  2024,  China's  Ministry  of  Ecology  and  Environment  issued
the "Implementation Opinions on Accelerating the Establishment of a Modern

G
eo

science

 

Figure 1.  Framework of vehicle-based cruising observations and AI pipelines to identify on-road carbon and pollutant patterns (A) Vehicle-based cruising with multi-modal
sensors  for  carbon and pollutant  emission monitoring.  (B)  Adoption of  an  AI  framework  to  interpret  urban scenes,  conduct  on-road emission pattern  inference,  and attribute
emissions to specific sources.
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Ecological and Environmental Monitoring System". Aims to promote the "digi-
tal  and  intelligent  transformation"  of  eco-environmental  monitoring,  gain
insights into carbon and pollutant emissions from urban road traffic, achieve
rapid source tracing of emissions, and thereby, improve the effectiveness of
collaborative governance. However,  a gap between research and application
still  exists  in  China  regarding  refined,  precise  collaborative  monitoring  and
source  tracing  technologies  for  pollution  and  carbon  inside  urban  areas,
especially in terms of deep integration with artificial intelligence (AI). 

INTELLIGENT TRANSFORMATION OF LOW-CARBON TRANSPORTATION
The  global  carbon  cycle  research  team  from  Aerospace  Information

Research Institute, Chinese Academy of Sciences, cooperated with the Shen-
zhen Ecological and Environmental Monitoring Center and Shenzhen Univer-
sity to establish a novel mobile laboratory that combines multi-source envi-
ronmental sensor collaborative observation with AI. They took the initiative in
performing  large-scale  automobile-based  air  monitoring  of  the  traffic  in
Shenzhen.  The  monitoring  process  targeted  carbon  emissions  such  as
carbon dioxide , methane, and nitrous oxide, as well as pollutant gases such
as  particulate  matter,  carbon  monoxide,  and  nitrogen  dioxide.  This  work
expanded  the  traditional  mode  of  vehicle-based  air  quality  monitoring4 and
constructed  a  high-throughput  database  of  spatiotemporal  sequences  of
carbon  emissions  coupled  with  panoramic  AI  interpretation.  So  far,  the
database  covers  roads  with  a  distance  of  more  than  650  km  in  Shenzhen,
including  over  a  hundred  thousand  high-resolution  street-level  panoramic
imageries. Furthermore,  by  organically  integrating  road  infrastructure  envi-
ronments  with  carbon  and  pollutant  emission  observations,  a  cross-disci-
plinary research path combining AI models, geographic big data, and air envi-
ronmental monitoring was proposed. This approach facilitates an “intelligent
transformation” toward low-carbon and low-pollution road transportation. 

"SEE THE UNSEEN" ON-ROAD TRAFFIC EMISSIONS
Our research team developed a novel integrated AI carbon emission moni-

toring technology via vehicle-based surveys (Figure 1). It employs panoramic
visual sensors  and various  greenhouse  gas  (GHG)  analyzers  for  spatiotem-
poral  collaborative observations,  data processing,  and modeling (Figure 1A).
This  allows  insights  into  and  understanding  of  the  dynamic  connections
between  the  physical  urban  space  and  road  traffic  emissions,  providing  a
precise  and  refined  carbon  and  pollutant  emission  source  tracing  system.
This method  automatically  extracts  attributes,  etc.,  of  objects  and  land-
scapes  in  urban  scenes,  helping  to  evaluate  the  relative  importance  of  built
environments  and  road  traffic  to  emission  intensities  in  actual  scenarios
(Figure  1B).  Based  on  a  complete  understanding  of  in-situ  conditions,  this
method  aims  to  identify  coordinated  development  paths  for  buildings  and
transportation that can enhance emission reduction effects.

The  Shenzhen  Ecological  Environment  Monitoring  Department  has  been
implementing  this  novel  observation  mode  in  a  large-scale  manner.  This
approach  has  formed  a  ground-based  mobile  observation  network  that  is
integrated with the existing fixed GHG flux stations and pollutant monitoring
stations. By leveraging the synergistic advantages of artificial intelligence, big
data, and urban monitoring, this integrated system aims to enhance the effi-
ciency and  effectiveness  of  environmental  monitoring,  and  provides  a  valu-
able reference for other cities.

By constructing AI  pipelines and training tasks using multi-source sensor
data,  the  goal  was  to  enable  the  models  to  "see  the  unseen"  carbon  and
pollutant emission patterns. The entire AI model is two-fold: a feature extrac-
tor was used to perform deep feature extraction on the visual information of
all  elements  in  the  urban  physical  space;  furthermore,  a  pattern  recognition
module  was  used  to  learn  the  spatiotemporal  dynamic  patterns  between
different  emissions  and  the  deep  features  from  the  panoramas.  Leveraging
the  powerful  feature  recognition  and  non-linear  learning  capabilities  of  AI
models,  it  automatically  extracts  key  features  and understands the  inherent
associations  between  gas  emission  variations  and  features.  On  this  basis,
panoramic  street  view  imageries  and  AI  interpretation  techniques  can  not
only enhance the prediction capability of spatiotemporal variations in carbon
dioxide, but also explain, trace back to sources, attribute, and map the distri-
bution of  on-road emissions,  thus exhibiting a  significant  practical  value for
the “intelligent transformation” of road traffic emission monitoring. 

PROSPECTS OF LOW-CARBON TRANSPROTATION MONITORING
The  collaborative  monitoring  and  intelligent  management  of  road  traffic

pollution and carbon emissions  based on  AI  is  inseparable  from the  utiliza-
tion  and  integration  of  multimodal  information.  Low-carbon  monitoring  and
AI  frameworks  are  increasingly  being  combined  with  more  geographic  big
data  to  strengthen  the  comprehensive  perception  of  carbon  footprints  and
pollution sources in real urban scenarios.5 Furthermore, by incorporating data
from  sensors  for  autonomous  driving,  aerial  imagery  from  drones,  traffic
monitoring cameras,  and extensive  participation from different  stakeholders
(public  transportation,  ecological  environment  monitoring,  planning  and
design  departments,  and  the  public,  etc.),  the  intelligent  perception  and
generalization capabilities for road traffic gas emissions can be improved. It
may even evolve into an advanced, self-organizing network monitoring mode,
providing  governments  and  decision-making  departments  with  bottom-up
gas  emission  governance  pathways  and  localized  traceability  perspectives,
and accordingly formulating appropriate emission reduction strategies. Addi-
tionally,  low-carbon  monitoring  and  AI  technologies  provide  a  subtle  and
precise  bottom-up  estimation  approach  that  is  distinct  from  traditional
statistical/measurement  methods,  and  can  therefore  be  used  as  ground-
truth data to evaluate existing monitoring results.

Although  preliminary  cross-disciplinary  cooperation  among  professionals
has been  established  at  the  Shenzhen  Ecological  and  Environmental  Moni-
toring Department, the realization of their goals still requires the integration of
multimodal information as well as more explainable AI models and comput-
ing  power,  necessitating  in-depth  communication  and  knowledge  sharing
among AI engineers, environmental practitioners, and urban planners. Simul-
taneously,  this  work  is  incremental  and  sustainable,  and  holds  immense
application prospects in  urban planning,  environmental  management,  intelli-
gent transportation,  and  sustainable  development.  A  continuous  improve-
ment  of  vehicle-based  monitoring  solutions  and  involvement  of  more  road
mobile  platforms  will  not  only  enhance  the  data  infrastructure  related  to
sustainable  urban  transportation  construction  but  also  implement  the  road
emission reduction responsibilities that need to be applied by different indus-
tries  for  urban  road  transportation  systems.  This  approach  will  play  an
important role in promoting the “intelligent transformation” of ecological and
environmental  monitoring as well  as low-carbon planning and management
for urban road transportation.
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