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China'’s population dynamics (1960-2012, in billion)

Data Source: world bank, 2014
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The five nations that signed a deal
to curb greenhouse gases produce
almost half of the world’s carbon
dioxide emissions.

Carhon dioxide emissions

Global total of energy-related
emissions, 2007: 28.9 billion
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By 2020, carbon emissions per
unit GDP in China will drop
40%-45%, compared with the
year 2005.

—UN Climate Conference, 2009



GOVERNMENT TARGETS

Main indicators and numerical targets il China's National New-type Urbanization Plan.

Indicator 2012 2020
Urbanization level

Urbanization ratio (resident population) (%) 2.6 60
Public services

Proportion of peasant worker's children accompanying parents receiving >99
mandatory education (%)

Basic social-security coverage for urban and township resident population (%)* 66.9 =90
Basic medical insurance coverage for urban and township resident population (%) | 95 98
Infrastructure

Public transportation share in total motorized travel in cities with more than 45+ 60
1 million people (%)

Public water supply coverage in cities and towns (%) 81.7 S0
Proportion of wastewater treated in cities (%) 87.3 95
Proportion of municipal waste decontaminated in cities (%) 848 95
Broadband Internet connection capacity of urban households 4 =50
(megabits per second)

Resource and environment

Per capita urban land use (square metres) <100¢
Share of renewable energy consumption in cities and towns (%) 8.7 13
Share of ‘green’ buildings in new constructions in cities and towns (%) 2 50
Share of prefecture and above level cities that meet the national air-quality 409 60
meeting standards (%)

Bai et al.,, 2014



Measuring the Carbon Emissions of Megacities

® Existing megacities (2012)

# Projected new megacities (2025)

Duren and Miller, 2012 8



Urban Surface CO, Monitoring Stations-in China
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Urban CO, Monitoring &
Atmospheric Inversions of Urban Surface CO, Fluxes

Simulating CO, concentrations over Shenzhen

Urban Carbon Atmospheric CO, Concentration
Flux Prior Transport Model Simulations

CO2 emission inventory Transport model (STILT) Economic-environ factors
Vegetation & soil C flux Wind field modeling (WRF) Spatial distributions

Urban Surface Atmospheric CO, Measurement
CO, Flux Inversion Model Stations

Spatiotemporal variability WRF-STILT Optimal field sites
Uncertainties Geostatistical Inversions Measurement equipment

Estimating urban surface CO, fluxes over Shenzhen
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Urban CO, Monitoring &
Atmospheric Inversions of Urban Surface CO, Fluxes

Building CO, emission inventories for Shenzhen

Building the long-term ground CO, measurement stations in
Shenzhen (high accuracy)

Building the CO, measurement sensor networks in Shenzhen
(low accuracy)

Fusing satellite CO, measurements and ground CO,
measurements for atmospheric inversions

Modifying and running atmospheric inverse models at urban
scale for estimating surface CO, fluxes

14



Building CO, Emission Inventory of Shenzhen

Anthropogenic Sys. Natural Systems

Vegetation Soil

Cars Railways Airplane Harbor 15



PKU CO, Emission Inventory (2007)
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Accurate & Cheap Sensors for Urban CO, Monitoring

High accuracy CO, Measurements CO, Monitoring Sensor Networks

The cost of 1 accurate sensor is about the cost of 100 cheap sensors.

17



Urban CO, Sensor Networks, Wuxi, Jiangsu Province, China

Mao et al., 2012
Proceedings of IEEE INFOCOM
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Urban CO, Monitoring: Accurate & Cheap Sensors
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Urban CO, Monitoring: Accurate & Cheap Sensors
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Bayesian Inference Applied to Inverse Modeling for
Earth Surface CO, Flux Estimation

Likelihood of fluxes given
atmospheric distribution

Prior information

Posterior probability of about fluxes

surface flux distribution

) PYIs)p(s)
ol [ oyl

H p(Y) probability of

measurements

Y : available observations (n X1)
S : surface flux distribution (m .X1)



Bayesian vs. Geostatistical Inverse Modeling

e Classical Bayesian inverse modeling objective function

L :%(y— Hs) R™(y - Hs)jL%(s—sp)T Q*(s—s,)

— Q and R are diagonal
— Sy is prior flux estimate in each region

e Geostatistical inverse modeling objective function

L= (y—Hs Ry —Hs)+ (s~ Xp) Q *(s-Xp)

— Ris diagonal; Q is full covariance matrix
— Xand g define the model of the mean



Geostatistical Approach to Inverse Modeling

Prior flux estimates are not required
Key components

— Model of the mean

— Prior covariance matrix

Prior based on spatial and/or temporal correlation

— Derived from available data

Covariance parameter optimization (RML)

— Model-data mismatch and prior covariance

Method yields physically reasonable estimates (and
uncertainties) at any resolution

Conditional realizations can be generated



The Framework of Geostatistical Inverse Modeling

select significant variables

Transport
model

Auxiliary
variables (X)

Variable
selection

CO,
observations (y)

r

Meteorological
fields

\ 4

Sensitivity of
observations to
fluxes (H)

Inversion

Flux estimates
and covariance
S,V

§

Source: Michalak et al. 2004
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Residual
covariance
structure (Q, R)

Trend estimate
and covariance
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Covariance
optimization

optimize covariance parameters
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(1) Pre-Processing

* Concentration

Source: Gourdji et al. 2010
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Auxiliary Information can be Included in GIM to improve inversion results.

NDVI - December 2001 Palmer Drought Index - December 2001

Precipitation (mm) - December 2001

‘ -
=

Some others such as GDP density, pop density, LAI, FPAR ......

Source: Gourd;ji et al. 2008
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Looking forward to your suggestions and advice...
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