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What are greenhouse gases?

Intergovernmental Panel on
Climate Change (IPCC) (p.82) The Greenhouse Effect
defined greenhouse gases as
“gases in the atmosphere both * GrE RS
natural and anthropogenic
that absorb and emit radiation
at specific wave length within
the spectrum of thermal
infrared radiation emitted by
the Earth’s surface, the
atmosphere itself, and by &
clouds. This process is the Figure 1: The gre:nhouse effect
fundamental cause of

the greenhouse effect.”

‘www.wildculture.com

History of Greenhouse Effect

%+ 1824: Joseph Fourier noted the existence of the
greenhouse effect

«+ 1827 and 1838: Claude Pouillet provided more support
for the greenhouse effect

«+ 1859: John Tyndall - experimental observations for
greenhouse effect

<+ 1896: More research on greenhouse effect by Svante
Arrhennius

Issac and Soden (2000); Tyndall (1873)
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What are the main global
greenhouse gases?

¥ Carbon Dioxide
¥ Methane

Nitrous Oxide
¥ F-Gases

Figure 2: Global Greenhouse Gas Emission by Gas
Ecofys (2010)

. Greenhouse Gas Emissions in U.S.
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= Carbon Dioxide = Methane * Nitrous Oxide ™ F.gases

Figure 3: U.S. Greenhouse Gas Emission by Gas
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Global Greenhouse Gas Emissions by Sector, 1990-2010 . issions an Sinks by Economic Sector, 1990-2012
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Figure 4: Global GHG Emissions Figure 5: U.S. GHG Emissions
by Sector from 1990 to 2010 by Sector from 1990 to 2012

EPA (2014); WRI (2014);FAO (2014)




Source:
+ https://www.youtube.com/watch?v=9GgbBnkcdLw
* www.palmoiltv.org

Types of Land-Use

o gl
EPA (2014)

Trends of Global Land-Use

— Afiica
— East and South-East Asia
~ South Asia
= — Eastem Europe
= European Union (15)
— North America
== Central America and Caribbean
South America
Oceania
= World

Figure 6: Changes in arable and permanent crop land use, 1961 - 2008
(in percent)

Bindraban et al. (2009); UNEP (2014)
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Trends of U.S. Land-Use

¥ Forest ™ Forest

® Croplands = Croplands

Grasslands Grasslands
W Settlements W Settlements

¥ Wetlands ¥ Wetlands

Other Other

Year 1990 Year 2012

from 1990 to 2012

EPA (2014)

U.S. CO, Sinks from Land Use,
Land-Use Change, and Fores

14321 114321 5190811082

114321

8859
g119 8285
896.4, 7675

765.56  765.56 756.7 8119 8248

Increase: Decrease:
Forest land remaining forest - Cropland remaining cropland
land - Grassland remaining grassland
Land converted to grassland - Land filled yard trimmings and
Settlements remaining food scraps, and land converted
settlements to cropland

O [1990]1991] Tacoo] e
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[756.71767.5/811.9/511.9(824.8/828.51110.41108.3 981 |961.6, 968 [980.3/975.3

Figure 8: U.S. CO, Sinks from 1990 to 2012

EPA (2014)

Research Objectives

1. Identify the factors influencing carbon dioxide
(CO,) sinks from land use, land-use change, and
forestry in U.S.

2. Summarize the major causes of sinks and assess
methods to mitigate carbon dioxide (CO,) emissions
from land use, land-use change, and forestry




Methods and Procedures

Data
% Tobit Method
Empirical Model
% Multicollinearity Diagnostics

Heteroskedasticity

Methods and Procedures

+¢ Data

= All data were obtained from U.S. Environmental
Protection Agency (EPA), The World Bank,
National Oceanic & Atmospheric Administration
(NOAA), Food and Agriculture Organization of
the United Nations (FAOSTAT) between 1990 and
2011.
This research uses the amount of carbon dioxide
(CO,) sinks from land use, land-use change, and
forestry (Unit: Tg CO, Eq.) as the dependent
variable and factors influencing CO, sinks as
independent variables.

Methods and Procedures

% Tobit Method

= A Tobit model is used to specify for the amount of
CO,sinks from 1990 to 2011 as follow (Greene
2012):

CARBON; = Bjx; + &, &~N(0,0?)
where B} is a vector of unknown parameters, x; is a
vector of factors that affect CARBON], &; is an error
vector, and the distribution of CARBON7, given

x;,is CARBON|x;~N(Bx;,62) .
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Methods and Procedures

+* Tobit Method
® The marginal effect with censoring at zero on the

expected value of CARBON; is (Greene 2012):

JE[CARBON;|x;, CARBON; > 0]/0x; = [ ® (”

o

where B are k = 0,...., m parameters to be estimated
using maximum likelihood and @ is the standard

normal distribution function.

Methods and Procedures

% Tobit Method

®* Maximum-likelihood method is used to estimate the vector of

B that maximize the log-likelihood function for carbon sinks

(Greene 2012):

CARBON
—— )| + Zijcarson=0yIn |1 — @C

aj

InL = ¥carpon>0) 10 [‘517147(

Methods and Procedures

++ Empirical Model

= The following model was specified to determine the

factors influencing carbon sinks between 1990 and 2011:

CARBON;= Bo+ 8,CROPIND; + B,EMPLOY, + B3EDUCAT;+ B, INFLAT,

+ BsLEND,+ B¢GDPG, + f,POPGR, + BgPRODUCT,
+ BoTEMPE, + B1oRAIN, + &;.

where the variable definitions and hypotheses are given in

Table 1.

1/13/15
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Methods and Procedures

Table 1. Definitions and Hypothesized Signs for Dependent and Independent
Variables Used in Tobit Regression.

Variable! Definition Sign

Dependent Variables ‘
CARBON Amount of carbon sinked from land use, land-use change,
and forestry (Tg CO, Eq.)

'y Variables ‘
CROPIND Crop production index shows agricultural production for
each year relative to the base period 2004-2006 including
all crops except fodder crops
Employees are people who work for a public or private

ployer and receive ion in wages, salary,
commission, tips, piece rates, or pay in kind including
hunting, forestry, and fishing (% of total employment).
School enrollment, tertiary ( % gross)

N/A

The annual percentage change in the cost to the average
consumer of acquiring a basket of goods and services

Methods and Procedures

Table 1. (cont.)

Variable!
The bank rate that usually meets the short and medium-
term financing needs of the private sector
Annual percentage growth rate of GDP at market prices
based on constant local currency
Population growth (annual percentage)is the
exponential rate of growth of midyear population from
yeart-1to t
All forest products (tonnes)
Average annual temperature in all states ()

Average precipitation (millimeters, mm)
1Al data were collected from 1990 to 2011.
Source: The World Bank, National Oceanic & Atmospheric Administration (NOAA),
United States Environmental Protection Agency (EPA)
and United Nations Food and Agriculture Organization (FAOSTAT).

Methods and Procedures

«»Multicollinearity Diagnostic

= Variance inflation factors (VIF) are applied to diagnose

collinearity among independent variables. The variance inflation

factors are calculated by the equation below (Afifi and Clark
1984; Fox 1984):

VIF=—,

where R? is the coefficient of determination of a regression of

an independent variable on all the other independent variables

(Nagelkerke 1991). If VIF value is greater than 10 indicates

that multicollinearity may exist among independent variables

(Neter, Wasserman, and Kutner 1985).




Methods and Procedures

+Heteroskedasticity

The existence of heteroskedasticity occurs the
maximum likelihood estimators will be inconsistent
(Maddala and Nelson 1975). Peterson and Waldman (1981)
recommended to check the heteroskedatic tobit model. A
Lagrange multiplier (LM) test is used to test for
heteroskedasticity as follow:

LM = nRZ,

The null hypothesis of homoscedasticity is a = 0. If the LM value of the model is
exceeded the critical value of LM, so the null hypothesis is rejected (Greene 2012).

Benefits of this Research

«Policy Making
“»Research

«»Management
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Rethink

Be mindful of your
consumption, your
relationship with ‘things’
and your relationship
with the Earth.
Re-use
Share with others.
Find new uses for
a1d objects.

Email: pwatchar@vols.utk.edu
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