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Adaptation vs. climate protection: Responses to climate change and policy

preferences of individualsin China, Germany, and the USA

Abstract

This paper investigates the interrelation between adaptation and climate protection efforts of
individuals in a cross-country comparison. The theoretical predictions based on a subjective
utility framework demonstrate that, at the individual level, private adaptation and climate pro-
tection activities are determined by different factors and thus cannot be substitutes. Consider-
ing seven climate protection and four adaptation measures, these theoretical predictions are
tested empirically using representative data from more than 3400 citizens in China, Germany,
and the USA. The empirical findings are consistent with the theoretical predictions that the
engagement in adaptation and climate protection activities tends to be positively related.
While climate protection efforts seem to be mainly driven by their benefits (e.g., financial
advantages or feelings of warm glow), adaptation activities are significantly influenced by a
higher income and the individual evaluation of the risk that negative consequences from cli-
mate change occur. There is also some evidence that a perceived lack of public engagement in
climate protection is compensated by increased private adaptation and climate protection ef-
forts. Preferences for public adaptation and climate protection are significantly determined by
individuals' beliefs about the efforts of others, social norms, feelings of warm glow, and con-

fidence in the effectiveness.
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1. Introduction

International climate policy has merely made little progress towards binding emission reduc-
tion targets involving the world’ s largest emitters such as China and the USA. Even if interna-
tional climate negotiations are able to reach an agreement on the distribution of climate pro-
tection costs which all countries consider to be fair, the scientific society would doubt that
such an agreement will lead to lasting climate stability (e.g., IPCC, 2013). Therefore, the re-
spective actors cannot rely on climate protection activities only, but also need to turn towards
adaptation measures to cope with the unpreventable impacts of global warming (e.g., Klein et
al., 2005; Stern, 2008; Aakre and Rubbelke, 2010). The fourth assessment report (AR4) of the
Intergovernmental Panel on Climate Change emphasizes that “reliance on adaptation alone is
likely to lead to a magnitude of climate change in the long run to which effective adaptation is
no longer possible or only at very high social, economic and environmental costs’ (IPCC,
2007, p. 748).

In contrast to the public good climate protection, adaptation to climate change isregarded as a
private or club good. Benefits from investments in adaptation can be of exclusive use to the
investor or to particular regions. This makes adaptation an attractive alternative and additional
option for policy, industries, companies, and individuals to reduce climate-related damages
and losses (e.g., Tol, 2005; Onuma and Arino, 2011; Barrett, 2011). Such adaptation measures
that reduce the severity of potential climate-related losses might, however, diminish the incen-
tive to engage in activities that reduce the risk of climate change, i.e. climate protection activi-
ties.! To date there is barely any empirical evidence regarding decisions for adaptation and
climate protection activities taking account of potential interrelations between these responses
to climate change. This study empirically investigates these interrelations at the individual
level by exploring the determinants and motives of adaptation and climate protection efforts

of citizensin three countries.

At the policy level, theoretical predictions on the interrelation between adaptation and climate
protection are ambiguous. While there is a broad consensus that efficient and cost-effective
climate policy involves adaptation and climate protection strategies (e.g., Klein et al., 2005;
Tol, 2005; Swart and Raes, 2007; IPCC, 2014), the option of adaptation may also aggravate
the social dilemma of greenhouse gas reductions (e.g., Auerswald et al., 2011; Probst, 2013).
Regarding adaptation and climate protection as imperfect substitutes, Barrett (2011) shows

! This is comparable to a very important problem in the contract literature, i.e. "moral hazard”, which describes
the propensity of individuals to take less care in preventing loss if they don’t have to bear the risk of these losses
(e.g., Hirshleifer and Riley, 1979).



that returns from adaptation and climate protection are interrelated and may lead to corner
solutions where countries rely solely on adaptation in case of non-cooperation and solely on
climate protection in case of cooperation. Differences in adaptive capacities may also rein-
force welfare inequalities between rich and poor countries. Taking account of fairness consid-
erations, Rubbelke (2011) shows that transfers to support adaptation in developing countries
may reduce the perceived lack of fairness and increase the incentive to cooperate, while Ebert
and Welsch (2012) demonstrate that improvements in the productivity of adaptation and adap-
tive capacity may lead to higher global emission levels.

Buob and Stephan (2011) develop a game theoretic framework and show that regions choose
the strategy with lower marginal costs. Only relatively rich regions with poor environmental
quality who account for the interdependence of adaptation and climate protection efforts use
these measures as a common strategy. Kane and Shogren (2000) find that an exogenous in-
crease in risk results in more adaptation efforts while the change in climate protection efforts
depends on the marginal effectiveness of mitigation in reducing risk. The chance of receiving
better information about climate change in the future may decrease climate protection efforts
if adaptation is possible (e.g., Ingham et a., 2007).

The existing literature also provides some experimental evidence on the interrelation between
adaptation and climate protection. Hasson et al. (2010) consider either-or decisionsin an ex-
perimental setting and find no significant difference in choosing climate protection between
low-vulnerability and high-vulnerability treatments. Probst (2013) finds that adaptation sub-
stitutes climate protection. Lower adaptation costs increase free-riding but to a lesser extent

than theoretically predicted which may be attributed to risk preferences and inequity aversion.

This study is the first to provide survey-based empirical evidence on adaptation and climate
protection efforts of individuals, preferences for the respective public activities, and their in-
terrelation in a cross-country comparison. These analyses are based on theoretical predictions
derived from a subjective utility framework that models climate change as a shock that poten-
tially causes losses to a representative individual. The severity of these climate-related |osses
can be reduced by private adaptation measures, while risk reduction through private climate
protection efforts is assumed to be marginal. The individual chooses adaptation and climate
protection activities by maximizing her subjective expected utility. The comparative static
results demonstrate that private adaptation and climate protection activities are determined by
different factors. While climate protection efforts are predicted to be solely affected by their
costs and benefits (e.g., financial advantages or feelings of warm glow), adaptation activities



tend to be driven by income and the individual evaluation of the risk that negative conse-
guences from climate change occur. These theoretical predictions are tested empirically using
survey data from citizens in China, Germany, and the USA. China, the European Union
(EV)?, and the USA are large emitters and supposed to play a key role in future international
climate policy. The empirical results broadly confirm the theoretical prediction in the three
countries and reveal a positive relationship between private adaptation and climate protection
activities as well as private climate protection efforts and preferences for public climate pro-

tection activities.

The remainder of this paper is structured as follows: Section 2 derives theoretical prediction
based on a subjective utility maximization problem of a representative individual under cli-
mate-related uncertainty. After the description of the surveys and the econometric approach in
Section 3, Section 4 discusses the empirical findings. Section 5 summarizes the results and

draws some conclusions.

2. Theoretical predictions

Assume that a representative individual faces two states of the world: a moderate state and a
bad state with negative consegquences from climate change causing loss [(a) (e.g., an extreme
weather event causing damages). The severity of potential losses can be reduced by invest-
ments in adaptation measures a, i.e. I, < 0 and I, < 0.2 The individual assigns a probability
to each state of the world which is interpreted as the individual’s subjective evaluation of the
risk that negative consequences from climate change occur.* This subjective risk perception
(G, 0, z) depends on exogenous factors 65 (e.g., Hasson et a., 2010) and individual-specific
characteristics z (e.g., gender, education, income)®. While the total amount of climate protec-
tion efforts G reduces the actual probability of negative consequences from climate change
and thereby potentially the individual’s subjective risk perception, the effect of private cli-
mate protection efforts g on the mitigation of climate risks remains marginal and will thus not

be considered in the following, i.e. m; < 0 and ; = 0 (e.g., Hoel, 1991; Kane and Shogren,

% The survey was conducted in Germany since this country is the largest economy in the EU.

% Hereafter, subscripts denote first and second partial derivatives, i.e. [, = dl/da and l,, = 0%1/da?.

# Using subjective risk perception takes into account that individuals may not be able comprehend information
and parameters of actual loss probabilities properly (e.g., Kahneman and Tversky, 1979; Schoemaker and Kun-
reuther, 1979; Shogren, 1990; Botzen and v. d. Bergh, 2009).

® 9 reflects natural processes that cause climatic changes, the uncertainty about the effects of climate protection,
but also factors like media exposure of climate change and its conseguences.

® These factors were found to determine risk aversion (e.g., Cicchetti and Dubin, 1994) as well as the decision
for self-insurance and self-protection measures (e.g., Lewis and Nickerson, 1989).



2000; Ebert and Welsch, 2012). The individual’ s payoffs, x, and x;,’ in the moderate and the
bad state of the world are:

xo=w—c(G,t)a—pg + b(g)

x; =w—1(a) —c(G,T)a—pg + b(g)

wherew is the individual’s initial wealth and p is the price for private climate protection ac-
tivities. Costs of private adaptation c(G, 7) are influenced by the actual probability of negative
consequences from climate change® which is reduced by total climate protection efforts’ i.e.
c; < 0 (e.g., Buob and Stephan, 2011; Ingham et al., 2013), as well as other factorst like
administrative expenses (e.g., Lakdawalla and Zanjani, 2005). The function b(g) represents
co-benefits associated with the individual’ s climate protection efforts including material (e.g.,
financial advantages) as well as immaterial (e.g., feelings of warm glow or social approval)
gains. These benefits increase with private climate protection efforts at a decreasing rate, i.e.
by > 0and by, < 0.

Denoting uy = u(x,) and u; = u(x;), theindividual’s expected utility can be written as

EU = mtuy; + (1 — m)u, @Y
withu’ > 0 andu”” < 0. The individual chooses adaptation and climate protection efforts
that maximize this subjective expected utility. Thefirst order condition with respectto a is

0EU , /
Pa muy(—lg —c) + (1 — muy(—c) = 0. (2)

That is, the individual balances marginal costs and benefits from adaptation across the two
states of the world, such that the optimality condition for the choice of adaptation efforts can

be written as

c Uy

1, mu; + (1 —muy
The first order condition with respect to g is

0EU
50 = (by — p)[muf + (1 — muy] = 0. (3)

"It is assumed that the individual is not fully insured, i.e. [(a) > 0, which impliesthat x, > x;.

8 Insurance companies, for instance, possess very good knowledge about actua risk probabilities and adjust
insurance costs according to these probabilities.

® As discussed above, the effect of private climate protection efforts g is assumed to be marginal and is thus not
considered.

191" denotes the first order derivative du/dx and u”’ the second order derivative d2u/dx?. This also implies
that uy < u;.



Since the term in squared brackets is strictly greater than zero, this condition can only hold if
the price for climate protection activities equals marginal benefits, i.e.p = b,. In the opti-
mum, the decision to engage in climate protection is independent of the subjective risk per-

ception. Denote the optimal solutions to the utility maximization problem a*(-) and g*(*).

Appendix A presents the comparative statics in order to explore how changes in the exoge-
nous parametersc, p, m, G, and w affect the demand for private adaptation and climate pro-
tection. Assuming the second order condition |H| = 0%EU/da® 0°EU/dg* — (0°EU/dadg)? to
hold whenever (2) and (3) hold, i.e. |H| > 0, the effects of changes in prices c for adaptation

and p for climate protection are

29" da* dg
dc 0, ac <0, p an dop

The latter expression da*/dp is negative if —uy /uy < —uy/u;. Making adaptation less
costly may solely increase adaptation efforts, while lower costs for climate protection may
increase both adaptation and climate protection efforts if the individual’s absolute risk aver-
sion (e.g., Pratt, 1964) regarding the bad state exceeds her absolute risk aversion regarding the
good state of the world. Thus, private adaptation and climate protection efforts are not pre-
dicted to be substitutes,™ but there might be a positive relationship between the engagements

in both activities.

Prediction 1: Private adaptation activities are either positively or not related to pri-

vate climate protection efforts.

The effects of a change in the subjective risk perception on private adaptation and climate
protection activities are
da* ag*

%>Oand e

That is, an increase in the subjective risk perception is associated with an increase in adapta-
tion efforts, while an increase in the subjective risk perception does not change the individu-

al’s climate protection activities.
Prediction 2: Individuals with a higher subjective risk perception show a higher pro-
pensity to engage in private adaptation activities, while subjective risk perception has

no effect on the propensity to take climate protection activities.

1 In economic terms, private adaptation and climate protection would be substitutes if higher cost for adaptation
reduced adaptation and increased climate protection efforts and vice versa (e.g., Ingham et al., 2013).



Now consider a change in the total climate protection efforts:

9a” = ?and 99° = 0.

aG oG
The effect of G on adaptation activities is ambiguous. On the one hand, an increase in the total
amount of climate protection increases = which reduces the need to invest in adaptation. On
the other hand, an increase in the total amount of climate protection decreases the costs of
adaptation which makes this alternative more attractive. Hence, it is left to the empirical ana-
lyzes in the next two sections to determine this effect. Again, an increase in the total amount

of climate protection does not change private climate protection efforts.

Assuming that the total amount of climate protection provides some additional benefits for the
individual, i.e. b(g, G) with bg > 0 and by < 0, this result changes to

*

dg
0.
aG *

An increase in G may reduce private climate protection efforts if the individual draws addi-
tional benefits from G, for example, through an increase in environmental quality or due to
preferences for reciprocity.*? Conversely, thisimplies that private climate protection activities
may also compensate a perceived lack in public climate protection efforts if the individual

profits from public activities. The effect of G on adaptation activities remains ambiguous.

Prediction 3: Individuals who perceive the amount of total climate protection to be
lower show a higher propensity to take climate protection activities if the total amount

of climate protection provides additional benefits for them.

The effect of an exogenous change in initial wealth on private adaptation activitiesis

a* H H T 1 H n ! n ! ag*
Tw > 0 whichispositiveif —uy /uy < —uy'/u;, and i 0.
This implies that the individual increases her adaptation efforts with increasing wealth if her
absolute risk aversion (e.g., Pratt, 1964) regarding the bad state exceeds her absolute risk
aversion regarding the good state of the world. In contrast, an exogenous change in initial

wealth does not affect private climate protection efforts.

Prediction 4: Individuals with higher income show a higher propensity to engage in

private adaptation, while income has no effect on private climate protection activities.

2 Thisfinding is the same if the individual had to pay atax t(G) which financesthe increasein G.



Climate protection efforts of individuals are predicted to be unaffected by subjective risk per-
ception and changes in wealth, but determined by additional co-benefits and costs of these
efforts. Individuals incentive to invest in adaptation is predicted to be higher the higher the
subjective risk perception and initial wealth."* These findings suggest that quite different fac-
tors influence the individual’ s responses to climate change and that climate protection efforts

are, at theindividual level, not crowded out by the option to invest in adaptation measures.

From a policy perspective it may also be important to gain insights into the relationship be-
tween private and public responses to climate change since implementing and achieving cli-
mate policy objectives broadly depends on the acceptance and participation of citizens. The
next two sections empirically investigate the interrelation between private adaptation activi-
ties and climate protection efforts of individuals and their preferences for public adaptation
and climate protection. The microeconometric analyses comprise two parts in order to draw
meaningful conclusions: (i) analysis of the determinants and motives of private adaptation and
climate protection activities as well as the impact of adaptation activities on voluntary climate
protection efforts and (ii) identification of the determinants of individual preferences for pub-
lic adaptation and climate protection including the impact of private activities on these prefer-
ences.

3. Dataand variables

The data for these analyses were collected in May and June 2013 by the market research
company GfK SE (Gesellschaft fur Konsumforschung). In Germany and the USA, the sample
was drawn from representative GfK Online Panels. Respondents were invited via email to
attend a self-administered interview in a web-based online environment. In China, partici-
pants were recruited by employees of GfK China in eleven core regions and were invited to
centrally located test studios.™ In the test studios respondents answered the survey questions
without any interference by the interviewers who were thoroughly briefed. Survey questions
were carefully pretested and the completion of the survey required about 30 minutes on aver-
age in al three countries. In total, 1430 Chinese, 1005 German, and 1010 U.S. citizens aged
18 and older completed the questionnaire.

3 The presented model is also suitable to analyze preferences for public adaptation if c(a) is interpreted as a tax
to finance these public adaptation activities. Thus, public adaptation may be positively related to private activi-
ties (e.g., air conditioning in public buildings and at home) while both may also be substitutes (e.g., public finan-
cial compensation and insurance against damage by natural forces).

“ Dueto lacking internet accessin rural areas, an online survey islikely to lead to a systematic bias in China.



Among others, the questionnaire covered a wide range of climate protection activities which
respondents had already engaged in: buying energy-efficient appliances, saving energy at
home, reducing the consumption of meat or dairy products, using or purchasing energy from
renewable sources, buying a car with lower fuel consumption, reducing car use, and reducing
the number of flights. In the first part of the microeconometric anaysis, the dependent varia-
bles g;; are dummies indicating that respondent i (i = 1, ..., n) has aready engaged in one of
the climate protection activitiesj (j = 1, ...,7) which serves as a proxy for respondents’ pri-

vate climate protection efforts. The underlying unobservable latent variableis

where r; and a; are dummy variables indicating the respondent’s subjective risk assessment
and adaptation activities, b;; is a vector of explanatory variables capturing potential co-
benefits from the climate protection activities, and z; is a vector of explanatory variables in-
cluding beliefs, preferences, and characteristics of the respondent. By treating the responses to
each climate protection activity as a separate sample and arranging (i.e. stacking) these sam-
ples as a panel dataset over the seven activities for each country, binary random effects probit
models can be applied to analyze the general probability of engaging in one of the climate
protection activities. This approach is suitable to control for individual-specific random ef-
fects in the error term &;; which are constant over the climate protection activities and are as-

sumed to be uncorrelated with the explanatory variables.”

The unobservable latent variable of the propensity that respondent i (i = 1, ...,n) has already
engaged in one of the adaptation activitiesis

a; = Bym; + Ajz; + v withq; = 1if aj > 0. (5)

This equation is estimated using common binary probit models. Since decisions for private
adaptation and climate protection activities might be made simultaneously, the variable a;
indicating private adaptation activities might be endogenous in equation (4). This can be con-
firmed with the Smith-Blundell test of exogeneity’® for the Chinese sample at the 5 percent
significance level and for the German sample at the 1 percent significance level, but not for

the U.S. sample. To derive consistent parameter estimates the exogenous variables ir; and in

1> As a robustness check, the estimation of single binary probit models for each climate protection activity con-
firm the findings from the random effects probit models. The results are not reported for reasons of brevity but
are available upon request.

18 Test results are not reported for reasons of brevity but are available upon request.



z; Serve as instruments for private adaptation activities in a two-stage approach,'’ where equa-
tions (4) and (5) are estimated simultaneously.™ To check the robustness of the results and
detect further differences between individuals, random effects probit models are also estimat-
ed separately using the maximum likelihood method for the whole sample, for respondents
who have already engaged in adaptation activities, and for respondents who have not yet en-
gaged in adaptation activities.*®

For the analysis of the preferences for public activities, respondents were asked how strongly
the following two responses should be pursued by public authorities in their home country:
mitigation of climate change (e.g. advancement of renewable energy or energy-efficient tech-
nologies) and adaptation measures regarding the consequences of climate change (e.g. provide
protection against natural events like the building of dams, safeguarding of traffic routes). The
dependent variables y; are measured on a symmetric scale with five ordered response levels
(i.e. “very weakly”, “rather weakly”, “neither weakly nor strongly”, “rather strongly”, and
“very strongly”) and are analyzed by applying ordered probit models. The underlying latent

variable y;” can be written as
yi =Bm;+ya; +0g; +6'b; + 'z + g withy, = mif kg <y < kp (6)

with x,,, (m = 1, ...,5) as the upper bound threshold for the discrete level y;. Equation (6) is
estimated in a bivariate ordered probit model to allow for correlations in the respective error
terms between the preferences for public adaptation and climate protection measures.

The survey included four questions on private adaptation activities which respondents had
already taken: climate control in their home (e.g. air-conditioning, sunblind, green roof), flood
prevention measures in their home (e.g. backflow trap, waterproof external plaster), purchas-
ing insurances to protect themselves against weather factors (e.g. storms, heavy rain events),
and changing their travel habits due to weather impacts (e.g. choosing different travel periods
or destinations due to high temperatures or missing snow reliability). The main explanatory

variable adaptation (a;) indicates that a respondent has already taken one of the four adapta-

7 Parameter estimates are consistent even if the variable indicating respondents adaptation activities is exoge-
nous.

'8 The simultaneous estimation incorporates higher-dimensional cumulative normal distributions and requires the
application of simulated maximum likelihood (SML) using Geweke, Hgjivassiliou, and Keane (GHK) algorithm.
The simultaneous estimation of the two probabilities allows for potential dependencies between the preferences
for adaptation and climate protection and accounts for possible correlations between the dependent variables in
the error terms.

19 All estimations relied on robust estimations of the standard deviation of the parameter estimates.
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tion activities.”® For the analyses of policy preferences, the binary variable climate protection
denotes that a respondent has already engaged in one of the seven climate protection activities
and the variables number of adaptation activities and number of climate protection activities

count the number of measures a respondent has already taken.?

As a proxy for the subjective risk perception (), the binary variable negative consequences
reflects the respondent’ s belief that climate change has roughly equally positive and negative,
rather negative, or very negative consequences for her personal living conditions. Perceptions
of the climate protection efforts of others are captured by the binary variables little effort of
home country and little effort of most countries and thereby by the belief that the respondent’s
home country does too little for climate protection or that most countries do too little for cli-
mate protection (i.e. G is believed to be small). For China, these two variables are not includ-

ed since the underlying questions were not asked there.

Four additional binary variables cover respondent’s financial, social, and psychologica bene-
fits from the climate protection activities (b). Financial advantage from activity reflects the
respondent’s belief that a certain climate protection activity provides rather financial ad-
vantages for her personally, expectation of social environment and no contribution of social
environment cover the respondent’s rewards from norm compliant behavior, and warm glow
indicates that contributing to climate protection makes her feel good. The dummy high con-
tribution of activity indicates that a certain climate protection activity is perceived to contrib-
ute rather alot or alot to climate protection and thereby serves as a proxy for alower price of

the climate protection activity (p).?

Lacking confidence in the effectiveness of climate protection activities may discourage indi-
viduals from engaging in climate protection activities. The index variable lack of confidence
reflects the respondent’s belief that climate change can still be effectively limited by climate
protection measures, that one person on their own will not change anything anyway (reflect-
ing the awareness that T, = 0), or both. In Germany and the USA, the binary variables liber-

al, conservative, and green reflect the respondent’s political attitudes. The binary variable

0| also used the single adaptation activities as explanatory variables in equation (4) and dependent variables

a; (k =1,...,4) inequation (5). Estimation results are very similar to those reported in the next section and are
not reported for reasons of brevity but are available upon request.

%! The variable number of climate protection activities only includes the five activities which were reported by
all respondents. The questions for reduce car use and reduce the number of flights were filtered, i.e. only citizens
who reported a positive number of kilometers or a positive number of flights could answer these questions so
that the number of observations is considerably lower in this case. Hence, the variable number of climate protec-
tion activities only includes the five activities which were reported by al respondents (i.e. buy energy-efficient
appliances, save energy at home, reduce the consumption of meat or dairy products, use or purchase energy from
renewable sources, and buy afuel-efficient car).

2 Aniincrease in the effectiveness of offsetsis equivalent to areduction in their price.

11



communist indicates that a Chinese respondent is a member of the communist party. Table 1
in Appendix B provides afull list of explanatory variables (including several socio-economic
and regional control variables) and their definitions. The binary random effects probit models
include seven additional binary variables to identify and control for each climate protection

activity.

4. Estimation results

Table 2 reports some descriptive statistics of the dependent and explanatory variables for the
samples of 1430 Chinese, 1005 German, and 1010 U.S. respondents. On average, the proba-
bilities of buying energy efficient appliances, saving energy at home, and using renewable
energy are highest in Germany. Chinese respondents report the highest average propensity to
reduce meat or dairy products, to buy a fuel-efficient car, and to reduce car use and the num-
ber of flights. The average numbers of adaptation (2.30 for Chinese, 0.79 for German, and
1.44 for U.S. respondents) and climate protection activities (3.29 for Chinese, 2.88 for Ger-
man, and 2.38 for U.S. respondents) which respondents have already engaged in are highest in
China. In all three countries, a very large proportion of individuals has aready taken climate
protection activities (96 percent in China, 94 percent in Germany, and 88 percent in the USA),
while the average engagement in at least one of the four adaptation measures is considerably

lower (89 percent in China, 51 percent in Germany, and 69 percent in the USA).%

Average preferences for adaptation and climate protection efforts by public authorities are
very similar in the three countries. Respondents rated climate protection slightly higher than
adaptation, whereas German respondents rated both responses slightly higher compared to the
other two countries. This is surprising since not even half of the respondents in China and
only one third of the respondents in Germany and the USA believe that climate change has
rather or very negative consequences for their personal living conditions and more than three
quarters of the respondents in each country lack confidence in the effectiveness of climate

protection activities.

% The Global Climate Risk Index (CRI) published by Germanwatch measures to what extent countries have
been affected by the impacts of weather-related |oss events (see https.//germanwatch.org/de/download/8551.pdf).
In the period from 1993 to 2012, the lowest risk is measured for Germany followed by the USA and China.
These differences in risk might be the reason for the varying average engagements in adaptation in the three
countries.

12



4.1 Private adaptation and climate protection

Tables 3 to 5 report the estimation results for the general probability of engaging in one of the
seven climate protection and in one of the four adaptation activities in the three countries. The
first two columns in each table refer to the instrument variable approach where the binary
random effects probit models for the climate protection activities and binary probit models for
adaptation are estimated simultaneously. The latter three columns contain the results from the
binary random effects probit models without instrumentation, first for the whole sample, fol-
lowed by respondents who have not yet engaged in adaptation activities, and then for re-
spondents who have already engaged in adaptation activities. Evidently, estimation results for
the whole samples are very similar in the models with and without the instrumentation of ad-

aptation.

In al three countries, adaptation is significantly positively related to the probability of engag-
ing in one of the seven climate protection activities. But there are some groups of individuals
who significantly reduce their climate protection efforts if they engage in adaptation: older
people living in China as well as Chinese and U.S. respondents who perceive negative conse-
guences from climate change. Even though there is no indication that adaptation and climate
protection efforts are negatively related, which isin line with prediction 1, the engagement in
adaptation may reduce the incentive to take climate protection activities for certain subgroups

of individuals.

In line with prediction 2, expecting negative consequences from climate change significantly
raises the probability of adaptation activities in China and the USA, while this variable has no
significant effect on the probability of engaging in climate protection. Only Chinese and U.S.
respondents who have not yet engaged in adaptation are significantly more likely to take one
of the climate protection activities. In Germany, the belief that climate change has negative
consequences for the personal living conditions has no significant effect on adaptation or cli-
mate protection effortsin any of the models.

The belief that the home country does too little for climate protection is associated with a sig-
nificantly higher probability of taking adaptation measures in Germany and of engaging in
climate protection for U.S. respondents who have not yet taken adaptation measures. The be-
lief that most states do too little for climate protection significantly increases German re-

spondents’ climate protection efforts if they have not yet engaged in adaptation and U.S. re-

13



spondents’ likelihood to take adaptation measures.?® In line with prediction 3, this finding
implies that individuals compensate for a perceived lack of other’s engagement in climate

protection with higher effortsin either adaptation or climate protection activities.

In al three countries, financial advantages associated with the climate protection activity
seem to be the most important driver for climate protection activities. Peer behavior repre-
sents an additional considerable factor for climate protection efforts. The perception that the
social environment does not contribute to climate protection significantly discourages Chinese
and German respondents except for those who have already engaged in adaptation. The belief
that the social environment expects a contribution to climate protection significantly moti-
vates respondents in China and the USA, especiadly if they have aready engaged in adapta-
tion activities.”® Feelings of warm glow are a highly significant motive to take climate protec-
tion activities for German respondents, but also for Chinese respondents who have not yet
engaged in adaptation activities. The effectiveness of a climate protection activity in provid-
ing climate protection, as indicated by the dummy variable high contribution of activity, fur-
ther significantly increases the likelihood that respondents in al three countries engage in
climate protection activities. Consistent with the theoretical modeling, climate protection ef-
forts are strongly motivated by benefits from these activities and lower costs.

A lack of confidence significantly discourages U.S. respondents to engage in climate protec-
tion especiadly if they have already taken adaptation measures, while this variable has no sig-
nificant effect in China and Germany. In line with prediction 4, a higher income significantly
increases the probability to have aready engaged in adaptation for Chinese and German re-
spondents, while income has no effect on climate protection efforts. The estimation results
further reveal that female (with the exception of the significantly negative effect in China),
older, and highly educated (except in Germany) respondents are significantly more likely to
engage in adaptation measures, but also some regional heterogeneity. Socio-demographic and

regional factors seem to be of minor importance for private climate protection efforts.

* As mentioned before, these two variables are not included for China since the underlying questions were not
asked in the Chinese survey.

% The significantly negative sign of the parameter estimate of the variable expectation of the social environment
for U.S. respondents who have not yet engaged in adaptation activities seems to be counterintuitive. Some unob-
served characteristics of these respondents might prevent them from doing anything in response to climate
change.
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4.2 Preferences for public adaptation and climate protection

Tables 6 to 8 report the estimation results for policy preferences in the bivariate ordered pro-
bit models. The estimated correlation in the error terms between preferences for adaptation
and climate protection efforts by public authorities is significantly positive in all three coun-
tries and highest in the USA (0.50 in China, 0.38 in Germany, and 0.58 in the USA) suggest-
ing a positive interrelation between the preferences for public adaptation and climate protec-

tion activities.

The relationship between private and public activities is quite heterogeneous in the three
countries. Respondents in all three countries who engage in private climate protection are
significantly more likely to have higher preferences for public climate protection activities.
This finding implies a positive interrelation between private climate protection efforts and
preferences for public activities. In Germany, the private engagement in climate protection
additionally significantly increases the preferences for public adaptation, while a higher num-
ber of adaptation activities has an additional significantly negative effect on Chinese respond-
ents' preferences for public climate protection. The belief that climate change has negative
consequences for the own living conditions decreases preferences for public adaptation in
China, but increases the preferences for public climate protection in Germany. In China, these
findings may be attributed to the high average number of private adaptation activities of Chi-
nese individuals, but also to the perception that public authorities already engage intensively
in adaptation.?® In Germany, the negative consequences from climate change are much more
moderate. German individuals, therefore, exhibit the lowest average number of private adap-
tation activities among the three countries and seem to rely much more on public activities to

cope with future negative consequences resulting from climate change.

In Germany, the perceptions that the home country and most states do too little for climate
protection have significantly positive effects on the preferences for public climate protection.
The belief that most states do too little for climate protection significantly increases U.S. re-
spondents’ preferences for both measures. In both countries, the perceived lack of climate
protection efforts of others tends to be compensated with private activities (as discussed in
Section 4.1) but also with higher preferences for public engagement in climate protection (in
both countries) and in adaptation (only in Germany).

Peer behavior seems to influence not only private activities but also preferences for public

efforts. In all three countries, the perception that the social environment does not contribute to

% China spent more than 200 billion yuan on public adaptation during the past two decades (see
http://en.ndrc.gov.cn/newsrel ease/201311/P020131108611533042884. pdf).
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climate protection is associated with significantly lower preferences for public climate protec-
tion. Chinese respondents who state that their social environment expects them to make a con-
tribution to climate protection are significantly more likely to have higher preferences for
both public activities. In China and the USA, feelings of warm glow significantly increase
preferences for both public activities, but in Germany only for public climate protection. As
expected, a lack of confidence regarding the effectiveness of climate protection is associated
with lower preferences for public climate protection in al three countries, and in Germany

also with lower preferences for adaptation.

Being a member of the communist party in Chinais associated with significantly higher pref-
erences for adaptation, identifying with green politics in Germany significantly increases
preferences for climate protection, and U.S. liberals have significantly higher preferences for
both. The estimation results also reveal considerable differences between the three countries
concerning the socio-economic and regional characteristics. While a higher income, being
female, older, and highly educated are significant determinants of private adaptation activi-
ties, these factors only partly influence preferences for public adaptation efforts. Preferences
for public climate protection activities, however, are hardly determined by socio-demographic
characteristics.

5. Summary and conclusions

This study is the first to provide survey-based evidence on the preferences for adaptation to
climate change and climate protection and their interrelation at the individual level. The em-
pirical analyzes are based on theoretical predictions derived from a subjective utility frame-
work which demonstrates that, at the individual level, private adaptation and climate protec-
tion activities cannot be substitutes and are determined by different factors. These predictions
are tested using unique data from three key playersin international climate policy, i.e. China,
Germany (as the largest economy in the EU), and the USA.

The empirical findings strongly support the theoretical predictions that the private engage-
ments in adaptation and climate protection are positively related. While the expectation of
negative consequences from climate change (as a proxy for the subjective risk perception) and
individual characteristics (like income, education, gender, and age) significantly influence
adaptation activities, these factors have no significant effects on climate protection efforts.
Financial advantages and a high effectiveness in providing climate protection seem to be the
most important drivers for climate protection activities in all three countries. Feelings of
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warm glow and benefits from norm compliant behavior seem to further motivate these activi-
ties in China and Germany. There is also some evidence that a perceived lack of public en-
gagement in climate protection is compensated by increased private adaptation and climate
protection efforts.

These results also confirm findings from the existing literature, for example, the predictions
from the model provided by Kane and Shogren (2000) that an exogenous increase in risk
leads to higher adaptation efforts, while a change in climate protection efforts depends on the
margina effectiveness of mitigation in reducing risk, but also the experimental evidence in
Hasson et al. (2010) who find no significant difference in choosing climate protection be-

tween low-vulnerability and high-vulnerability treatments.

Regarding policy preferences, the empirical findings indicate a positive relationship between
private and public climate protection efforts. In the three countries, preferences for public
adaptation and climate protection seem to be mainly driven by individual beliefs about the
climate protection efforts of others, social norms, feelings of warm glow, and the confidence
in the effectiveness (in the case of climate protection). Individual characteristics that signifi-
cantly determine these preferences differ significantly between Chinese, German, and U.S.
respondents.

Future research could investigate whether the findings in this study are robust in other coun-
tries. Future studies may also use panel data to gain deeper insights into the interrelation be-
tween adaptation and climate protection efforts. Future research could also alow for other
private adaptation and climate protection activities as well as for a richer set of items captur-
ing the factors that determine these activities. New experimental settings may also account for

potential trade-offs between private adaptation and climate protection efforts.
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Appendix A: Compar ative statics
Totally differentiating the first order conditions (2) and (3) yields
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with
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5az = Claadmuy +muy' (=la — ¢)? + (1 - mug (=¢)* <0,

which is negative by the second order sufficiency condition which is assumed to hold whenever (2)

and (3) hold,

aZEU n n n
m = (bg — p)(—c[nu1 + (1 —-muy] —lgmui’) =0
which isequal to zero by thefirst order condition in (3), and

0*EU

2 n n ! !
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Cross partial derivatives with respect to p are
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Substituting the first order condition (2) and rearranging yieldsm < 1if —ug /uy < —uy'/u;.

Cross partial derivatives with respect to c are

0°EU

agac = (ba = P)(a)lmui + (1 -mue] = 0,

0°EU " . . ) )
daoc (—lg—)(=a) + (1 — Muy (—c)(—a) = lgrauy’ + ca[mui’ + (1 —muy] <0
(see 02EU /dadp).

The effects of changesin prices c for adaptation and p for climate protection are then
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Cross partial derivatives with respect to  are
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Substituting the first order condition (2) and rearranging yields u, > 0 which is assumed.
The effects of an increase in the subjective risk perception are then
0%EU 0°EU 0%EU 0%EU
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Cross partial derivatives with respect to G are
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The effects of achangein the total climate protection efforts are then
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the sign of this expression is ambiguous, and
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Assuming that the individual derives additiona benefits from G, i.e. b(g, ¢), this cross partial de-
rivative 3°EU /0 gdG becomes
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Substituting the first order condition (2) and rearranging yieldsm < 1if —ug /uy < —uy' /us.
The effects of an exogenous changein initial wealth are
J%EU 0%*EU 9°EU 0%*EU

da" dadg "dgow dg> "dadw B —bgglmuy + (1 — mugl(—lymuy’ — c[ruy + (1 — mug])
ow |H| - |H|

>0

if —ug /up < —uy/ug,

9’EU 0°EU _9%EU 9%EU
09" _dgda dadw  da? dgow _
ow |H| B

0.

22



Appendix B: Tables

Table 1: Description of explanatory variables

Variables

Description

Adaptation

Climate protection

Number of climate
protection activities

Number of adaptation
activities

Negative consequences

Little effort of home
country

Little effort of most
countries

Financial advantage
from activity

High contribution of
activity

No contribution of social
environment

Expectations of social
environment

1 if respondent has already taken at least one of the four adaptation activities (i.e. climate
control in their home, flood prevention measures in their home, purchase of insurances to
protect themselves against weather factors, and change travel habits due to weather im-
pacts), 0 otherwise.

1 if respondent has already engaged in at least one of the seven climate protection activities
(i.e. buying energy-efficient appliances, saving energy at home, reducing the consumption
of meat or dairy products, using or purchasing energy from renewable sources, buying a car
with lower fuel consumption, reducing car use, and reducing the number of flights), 0 oth-
erwise.

Takes values from zero to five by counting the climate protection activities which a re-
spondent has already engaged in and which were reported by all respondents (i.e. buy ener-
gy-efficient appliances, save energy at home, reduce the consumption of meat or dairy
products, use or purchase energy from renewable sources, and buy a fuel-efficient car).

Takes values from zero to four by counting the adaptation activities which a respondent has
aready engaged in (i.e. climate control in their home, flood prevention measures in their
home, purchase of insurances to protect themselves against weather factors, and change
travel habits due to weather impacts).

1 if respondent believes that climate change has equally positive and negative, rather nega-
tive, or very negative consequences for his or her personal living conditions, O otherwise.
The underlying question is “in your opinion, what consequences does climate change have
for your personal living conditions’ with the five ordered response categories. “very nega-
tive consequences’, “rather negative consequences’, “roughly equally positive and negative
consequences’, “rather positive consequences’, and “very positive consequences”.

1if the respondent agreed rather strongly or very strongly to the statement “my home coun-
try does too little for climate protection”, 0 otherwise.?’

1if the respondent agreed rather strongly or very strongly to the statement “most countries
do too little for climate protection”, 0 otherwise.”’

1 if the respondent believes that a certain climate protection activity provides rather finan-
cial advantages for her personally, 0 otherwise. The underlying question is “in your opin-
ion, do the following measures provide rather financial advantages (e.g., saving money,
financial gains) or rather financial disadvantages (e.g., costs) for you personally” with the
three ordered response categories: “Rather financial disadvantages’, “neither financial
advantages nor disadvantages’, and “rather financial advantages”.

1 if the respondent believes that a certain climate protection activity contributes rather a lot
or alot to climate protection, O otherwise. The underlying question is “how much do you
believe the following measures contribute to climate protection” with the five ordered re-
sponse categories: “Very little”, “rather little”, “neither alittle nor alot”, “rather alot”, and

alot”.

1 if the respondent agreed rather strongly or very strongly to the statement “my family,
friends or colleagues do not contribute to climate protection”, 0 otherwise.”’

1 if the respondent agreed rather strongly or very strongly to the statement “my family,
friends or colleagues expect me to contribute to climate protection”, 0 otherwise.?’
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Table 1: Description of explanatory variables (continued)

Variables Description
Warm dlow 1 if the respondent agreed rather strongly or very strongly to the statement “it makes me
9 feel good to contribute to climate protection”, 0 otherwise.?’

Communist 1if a Chinese respondent stated to belong to the communist party.

Conservative lifa Germap or”U.S. reqund(g?t agreed rather strongly or very strongly to the statement “I
am conservative”, 0 otherwise.

Green 1if aGerman or U.S. respondent agreed rather strongly or very strongly to the statement “|
identify myself closest with green politics’, 0 otherwise.’

Liberal 1if aGerman or U.S. respondent agreed rather strongly or very strongly to the statement “|

Lack of confidence

High individual income

Highly educated

Age

Female

Number of own children
Living together with a
partner

Regional dummies for
China

Regiona dummies for
Germany

Regional dummiesfor the
USA

am liberal”, 0 otherwise.?’
Additive indicator using the following two items:
“do you think that we can till effectively limit climate change by climate protection
measures?”’
“regarding climate protection one person on their own will not change anything any-
Way” .27
The variable is designed by constructing dummy variables that take the value one if the
respondent answered the first question with “yes’ and agreed to the second statement rather

or very strongly. The two dummy variables were then added up. Accordingly, the variable
takes valuesfrom O to 2.

1 if the individual net income of the respondent is above median category of the sample
(i.e. at least ¥ 5,000 in China, € 2,000 in Germany and $ 2,500 in the USA), 0 atherwise.

1 if the respondent’ s highest level of education is at least secondary (Senior Middle School
in China, Abitur in Germany, College degreein the U.S.), O otherwise.

Age of the respondent in years.
1if the respondent is awoman, O otherwise.
Number of own children of the respondent.

1if the respondent lives together with his or her partner, 0 otherwise.

Beljing, Shanghai, Guangzhou, Shenyang, Wuhan, Chengdu, Shijiazhuang, Hefei, Lan-
zhou, Yinchuan, and Quanzhou take the value 1 if respondent lives in the corresponding
region in China, 0 otherwise.

North, East, South, and West take the value 1 if the respondent lives in a northern (eastern,
southern, western) state of Germany, 0 otherwise.

Northeast, Midwest, South, and West take the value 1 if the respondent livesin the corre-
sponding region in the USA, 0 otherwise.

%" The underlying question is “how strongly do you agree to the following statement” with the five ordered response
categories “very weakly”, “rather weakly”, “neither weakly nor strongly”, “rather strongly”, and “very strongly”.
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Table 2: Number of respondents and mean for all variables

Explanatory variables

China

USA

Respondents Mean

Respondents Mean

Climate protection
Buying energy-efficient appliances
Saving energy at home
Reducing meat or dairy products
Using renewable energy
Buying afuel-efficient car
Reducing car use
Reducing flights

Adaptation by public authorities

Mitigation by public authorities

Adaptation

Number of adaptation activities

Number of climate protection activities

Negative conseguences

Little effort of home country

Little effort of most states

Financial advantages from activity
Buy energy-efficient appliances
Save energy at home
Reduce meat or dairy products
Use energy from renewable sources
Buy afuel-efficient car
Reduce car use
Reduce flights

High contribution of activity
Buy energy-efficient appliances
Save energy at home
Reduce meat or dairy products
Use energy from renewable sources
Buy afuel-efficient car
Reduce car use
Reduce flights

No contribution of social environment

Expectation of social environment

Warm glow

Member of communist party

Being conservative

Identifying with green politics

Being liberal

Lack of confidence

High individual income

Age

Female

Number of own children

Living with a partner

Bejing

Shanghai

Guangzhou

Shenyang

Wuhan

Chengdu

Shijiazhuang

Hefel

Lanzhou

Y inchuan

North

East

South

West

Northeast

Midwest

1,418
1,413
1,413
1,400
1,395
1,374
916
1,049
1,390
1,390
1,416
1,315
1,347
1,387

1,419
1,404
1,340
1,340
1,348
1,340
1,331

1,402
1,418
1,393
1,406
1,406
1,393
1,394
1,384
1,381
1,398
1,430

1,319
1,369
1,430
1,430
1,430
1,420
1,430
1,430
1,430
1,430
1,430
1,430
1,430
1,430
1,430
1,430

0.96
0.80
0.80
0.63
0.44
0.75
0.77
0.66
3.98
4.15
0.89
2.30
3.29
0.44

0.79
0.73
0.43
0.63
0.70
043
0.55

0.70
0.77
0.42
0.83
0.81
0.42
0.63
0.24
0.69
0.91
0.30

0.49
0.62
39.26
0.50
0.86
0.78
0.15
0.16
0.13
0.08
0.08
0.06
0.06
0.06
0.10
0.06

Germany

Respondents Mean
982 0.94
969 0.84
973 0.87
964 0.50
942 0.62
929 0.71
805 0.62
547 0.36
889 4,01
890 4.23
977 0.51
820 0.79
890 2.88
879 0.34
955 0.38
961 0.78
966 0.61
956 0.81
897 0.37
879 0.29
912 0.61
897 0.37
834 0.56
956 0.62
964 0.61
948 0.35
949 0.67
956 0.63
948 0.35
944 0.62
912 0.19
935 0.19
957 0.66
954 0.24
938 0.30
937 0.43
839 0.78
827 0.51
1,005 41.13
1,005 0.49
1,005 0.95
1,002 0.63
1,005 0.17
1,005 0.20
1,005 0.30
1,005 0.33

975
952
965
939
890
915
739
371
747
754
965
807
829
725
913
909

926
919
833
813
877
833
805

914
924
847
875
918
847
854
872
896
934

940
907
939
743
872
1,010
1,010
1,010
1,006

1,010
1,010
1,010
1,010

0.88
0.78
0.81
0.42
0.50
0.67
0.62
0.47
381
3.99
0.69
1.44
2.38
0.32
0.45
0.60

0.63
0.76
0.39
0.50
0.66
0.39
0.56

0.73
0.61
0.25
0.60
0.61
0.25
0.50
0.29
0.26
0.60

041
021
0.29
0.83
0.60
48.51
0.53
1.32
0.62

0.35
0.22
0.20
0.23
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Table 3: Estimation results for private activitiesin China

Binary random effects model Climate protection activitiesin binary
. and binary probit model random effects probit models
Explanatory variables Climate protec-  Adapta- Whole If If
tion activities tion sample  adaptation =0 adaptation =1
Adaptation 2.05*** 1.10%**
(16.04) (11.87)
Negative consequences -0.09 0.09** -0.08 0.78*** -0.14**
(-0.99) (2.18) (-1.26) (2.97) (-2.14)
Financial advantages from activity 0.25%** 0.26*** 0.02 0.29***
(3.06) (6.15) (0.10) (6.56)
No contribution of social environment -0.15 -0.15** -0.92%** -0.06
(-1.59) (-2.35) (-3.93) (-0.90)
Expectation of social environment 0.18** 0.19*** -0.08 0.22%**
(2.02) (2.99) (-0.37) (3.36)
Warm glow 0.08 0.09 0.80*** 0.04
(0.68) (1.09) (2.85) (0.45)
High contribution of activity 0.39*** 0.40*** 0.39** 0.41***
(4.26) (8.59) (2.30) (8.41)
Lack of confidence -0.01 -0.01 0.18 -0.00
(-0.16) (-0.22) (1.00) (-0.06)
Member of communist party 0.13* 0.25*** 0.18*** 0.16 0.17***
(1.70) (6.26) (3.12) (0.72) (2.95)
High individua income 0.02 0.09** 0.04 0.04 0.05
(0.28) (2.39) (0.69) (0.17) (0.76)
Highly educated -0.04 0.18*** -0.01 0.01 0.01
(-0.41) (4.25) (-0.07) (0.03) (0.09)
Age -0.00 0.00*** -0.00 0.01 -0.01**
(-1.22) (2.65) (-1.33) (0.75) (-2.06)
Female 0.04 -0.06* 0.03 -0.12 0.04
(0.57) (-1.81) (0.65) (-0.64) (0.79)
Number of own children 0.12* 0.17*** 0.14*** 0.74*** 0.11**
(1.69) (4.22) (3.04) (3.76) (2.35)
Living with a partner 0.03 -0.05 0.03 -1.08*** 0.13
(0.29) (-0.82) (0.42) (-3.88) (1.62)
Shanghai -0.15 0.09 -0.14 0.08 -0.17*
(-1.15) (1.43) (-1.47) (0.27) (-1.74)
Guangzhou -0.19 0.13** -0.18* 0.32 -0.20**
(-1.39) (2.03) (-1.78) (0.89) (-2.02)
Shenyang -0.17 0.13* -0.16 -0.06 -0.16
(-1.07) (1.78) (-1.41) (-0.15) (-1.40)
Wuhan -0.08 0.01 -0.09 -0.14 -0.10
(-0.47) (0.120) (-0.71) (-0.30) (-0.78)
Chengdu 0.12 0.13 0.14 0.96** 0.02
(0.69) (1.62) (1.12) (2.22) (0.19)
Shijiazhuang -0.11 0.34*** -0.07 -0.17 -0.12
(-0.66) (3.75) (-0.54) (-0.39) (-0.97)
Hefel -0.20 0.26*** -0.17 0.03 -0.24*
(-1.14) (2.98) (-1.37) (0.06) (-1.90)
Lanzhou -0.09 0.01 -0.09 0.23 -0.16
(-0.62) (0.11) (-0.83) (0.72) (-1.41)
Yinchuan -0.09 0.50*** -0.03 0.19 -0.04
(-0.53) (5.13) (-0.24) (0.37) (-0.37)
Quanzhou -0.17 0.27*** -0.13 -0.63 -0.09
(-0.95) (3.14) (-0.99) (-1.15) (-0.72)
Constant -2.11%** 0.54*** -1.41%** -2.41%** -0.23
(-8.47) (5.88) (-7.91) (-4.08) (-1.41)
Number of observations 9,373 9,373 7,735 671 7,064
Number of respondents 1,224 115 1,109

Notes: Simulated maximum likelihood and maximum likelihood estimates (z-statistics) of the parameters for China.
Parameter estimates of dummy variables for single activities are not reported. * (**, ***) means that the parameter is
different from zero at the 10% (5%, 1%) significance level.
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Table 4: Estimation results for private activities in Germany

Binary random effects model

Climate protection activitiesin binary

. and binary probit model random effects probit models
Explanatory variables -
Climate protec-  Adapta- Whole If If
tion activities tion sample adaptation=0 adaptation=1
Adaptation 1.04x** 0.45%**
(13.40) (6.86)
Negative consequences 0.08 0.02 0.09 -0.04 0.15
(0.62) (0.35) (0.89) (-0.27) (1.15)
Little effort of home country 0.06 0.12%** 0.09 0.09 0.09
(0.75) (3.00) (1.33) (0.78) (1.05)
Little effort of most states 0.06 0.06 0.08 0.27** -0.09
(0.58) (1.28) (0.92) (2.99) (-0.86)
Financial advantages from activity 0.40*** 0.42%** 0.59*** 0.32x**
(5.04) (7.41) (6.66) (4.27)
No contribution of socia environment -0.19* -0.20** -0.45*** -0.02
(-1.89) (-2.39) (-3.49) (-0.15)
Expectation of social environment -0.03 -0.03 0.12 -0.07
(-0.29) (-0.35) (0.90) (-0.73)
Warm glow 0.27*** 0.28*** 0.31*** 0.25***
(2.97) (3.70) (2.59) (2.63)
High contribution of activity 0.38*** 0.40*** 0.27*** 0.48***
(4.56) (6.72) (2.92) (6.10)
Lack of confidence -0.03 -0.03 -0.03 -0.03
(-0.52) (-0.67) (-0.42) (-0.57)
Being conservative -0.14 -0.02 -0.15** -0.02 -0.26***
(-1.54) (-0.45) (-1.99) (-0.18) (-2.72)
Identifying with green politics 0.17* -0.05 0.16** 0.13 0.15
(1.88) (-1.33) (2.22) (1.16) (1.64)
Being liberal 0.08 0.02 0.09 0.17* 0.02
(2.06) (0.67) (1.40) 1.72) (0.20)
High individua income -0.02 0.39*** 0.07 -0.01 0.10
(-0.28) (9.63) (1.03) (-0.06) (1.09)
Highly educated 0.07 -0.00 0.07 0.05 0.06
(0.84) (-0.01) (1.06) (0.50) (0.65)
Age 0.01 0.01*** 0.01** 0.01 0.01**
(1.44) (5.52) (2.51) (1.40) (2.22)
Female -0.01 0.24*** 0.05 0.05 0.09
(-0.08) (6.21) (0.78) (0.48) (1.00)
Number of own children 0.01 -0.02 0.01 -0.02 0.03
(0.34) (-1.29) (0.25) (-0.44) (0.77)
Living with a partner 0.11 0.23*** 0.18** 0.12 0.27***
(1.33) (5.79) (2.50) (2.08) (2.86)
North 0.01 0.27*** 0.08 -0.05 0.17
(0.12) (4.95) (0.85) (-0.31 (1.43)
East 0.09 0.12** 0.12 0.20 0.06
(0.86) (2.44) (1.40) (1.53) (0.512)
South 0.03 0.20*** 0.08 -0.04 0.19*
(0.28) (4.46) (0.96) (-0.33) (1.79)
Constant -1.72%** -0.95%** -1 71x** -1.52%** -1.39%**
(-6.80) (-9.40) (-8.61) (-4.81) (-5.47)
Number of observations 5,047 3,644 1,654 1,990
Number of respondents 592 270 322

Notes: Simulated maximum likelihood and maximum likelihood estimates (z-statistics) of the parameters for Germany.
Parameter estimates of dummy variables for single activities are not reported. * (**, ***) means that the parameter is
different from zero at the 10% (5%, 1%) significance level.
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Table 5: Estimation results for private activitiesin the USA

Explanatory variables

Binary random effects mod-
el and binary probit model

Climate protection activities in binary ran-

dom effects probit models

C!imate protec- Adaptation Whole If Il_‘
tion activities sample  adaptation=0 adaptation=1
Adaptation 1.87*** 1.32%**
(10.87) (11.35)
Negative conseguences -0.19 0.42%** -0.10 0.22 -0.23*
(-1.15) (9.88) (-0.91) (0.92) (-1.86)
Little effort of home country 0.17 -0.04 0.17 0.61** 0.04
(0.94) (-0.91) (1.45) (2.06) (0.36)
Little effort of most states 0.04 0.08* 0.06 0.18 -0.05
(0.23) (1.80) (0.52) (0.68) (-0.41)
Financial advantages from activity 0.75%** 0.78*** 0.66*** 0.79***
(4.88) (9.99) (4.11) (8.78)
No contribution of socia environment -0.06 -0.06 -0.22 0.07
(-0.38) (-0.55) (-0.86) (0.59)
Expectation of social environment 0.03 0.04 -0.94*** 0.26**
(0.20) (0.32) (-3.10) (2.06)
Warm glow -0.11 -0.11 0.12 -0.22
(-0.55) (-0.89) (0.42) (-1.58)
High contribution of activity 0.20 0.21** 0.25 0.19**
(2.17) (2.50) (1.35) (2.97)
Lack of confidence -0.12 -0.13* -0.07 -0.19**
(-1.15) (-1.79) (-0.50) (-2.26)
Being conservative -0.16 0.22*** -0.12 -0.10 -0.16
(-1.10) (5.17) (-1.21) (-0.42) (-1.36)
Identifying with green politics 031 0.57*** 0.42%** 0.43 0.33**
(1.56) (9.75) (3.26) (1.29) (2.39)
Being libera -0.23 -0.02 -0.23** -0.11 -0.28**
(-1.32) (-0.51) (-2.04) (-0.42) (-2.20)
High individual income -0.09 -0.00 -0.10 -0.29 -0.08
(-0.64) (-0.06) (-0.97) (-1.31) (-0.71)
Highly educated -0.12 0.38*** -0.05 -0.00 -0.01
(-0.74) (8.78) (-0.41) (-0.02) (-0.11)
Age -0.00 0.01*** 0.00 0.02** -0.00
(-0.12) (8.88) (0.52) (2.17) (-0.14)
Female -0.02 0.11*** -0.00 -0.19 -0.00
(-0.16) (2.58) (-0.01) (-0.86) (-0.02)
Number of own children 0.03 -0.03* 0.02 0.03 0.01
(0.53) (-1.95) (0.63) (0.41) (0.28)
Living with a partner 0.20 0.04 0.21** 0.31 0.17
(1.32) (0.98) (2.02) (1.36) (1.46)
West 0.50*** -0.41%** 0.44*** 0.12 0.54***
(2.64) (-7.64) (3.26) (0.42) (3.50)
Midwest 0.03 -0.05 0.02 0.03 -0.01
(0.15) (-1.01) (0.19) (0.120) (-0.07)
Northeast 0.17 -0.08 0.16 0.13 0.16
(0.89) (-1.47) (1.20) (0.47) (12.10)
Constant -2.21*** -0.77%** -2.13%** -2.83%** -0.51*
(-5.56) (-8.00) (-8.24) (-5.35) (-1.78)
Number of observations 4,837 3,063 874 2,189
Number of respondents 517 150 367

Notes: Simulated maximum likelihood and maximum likelihood estimates (z-statistics) of the parameters for the USA.
Parameter estimates of dummy variables for single activities are not reported. * (**, ***) means that the parameter is
different from zero at the 10% (5%, 1%) significance level.

28



Table 6: Estimation results for preferences for public activitiesin China

Explanatory variables Adaptation Climate protection
Adaptation 011 -0.10
(0.99) (-0.89)
Climate protection 0.03 0.44**
(0.19) (2.55)
Number of adaptation activities 0.04 -0.08**
(2.37) (-2.35)
Number of pro-environmental activities 0.00 0.10%**
(0.09) (3.25)
Negative consequences from climate change -0.40% ** -0.43*** -0.08 -0.13
(-4.74) (-4.99) (-0.98) (-1.56)
No contribution of social environment 0.04 0.02 -0.13* -0.17**
(0.55) (0.19) (-1.71) (-2.13)
Expectation of social environment 0.33*** 0.30*** 0.24*** 0.21**
(4.29) (3.74) (3.05) (2.48)
Warm glow 0.36*** 0.33*** 0.42*%** 0.39***
(3.75) (3.20) (4.32) (3.78)
Lack of confidence -0.08 -0.09 -0.10* -0.11*
(-1.48) (-1.59) (-1.78) (-1.84)
Member of communist party 0.17** 0.20*** 0.11 0.10
(2.56) (2.99) (1.52) (1.34)
High individual income 0.14* 0.16** -0.02 0.01
(1.87) (2.09) (-0.31) (0.112)
Highly educated -0.23** -0.21** 0.03 0.05
(-2.47) (-2.15) (0.27) (0.49)
Age 0.00 0.00 -0.00 -0.00
(0.52) (0.48) (-0.16) (-0.26)
Female 0.03 0.02 0.02 0.03
(0.50) (0.37) (0.35) (0.38)
Number of own children 0.15** 0.15** 0.06 0.05
(2.49) (2.35) (1.00) (0.77)
Living with a partner -0.12 -0.16 -0.08 -0.12
(-1.22) (-1.56) (-0.87) (-1.17)
Shanghai -0.27** -0.35%** -0.10 -0.13
(-2.28) (-2.87) (-0.81) (-0.98)
Guangzhou -0.10 -0.13 -0.17 -0.20*
(-0.79) (-0.97) (-1.44) (-1.68)
Shenyang -0.13 -0.15 -0.29** -0.32%*
(-0.89) (-0.96) (-2.07) (-2.17)
Wuhan -0.24* -0.27* -0.38** -0.37**
(-1.69) (-1.77) (-2.43) (-2.21)
Chengdu -0.21 -0.27* -0.05 -0.05
(-1.38) (-1.74) (-0.33) (-0.34)
Shijiazhuang -0.13 -0.14 -0.07 -0.06
(-0.86) (-0.90) (-0.42) (-0.34)
Hefei -0.23 -0.25 -0.16 -0.19
(-1.51) (-1.60) (-1.16) (-1.31)
Lanzhou 0.05 0.05 0.08 0.05
(0.40) (0.40) (0.58) (0.39)
Yinchuan -0.12 -0.11 0.13 0.15
(-0.86) (-0.76) (0.88) (1.02)
Quanzhou -0.39** -0.39** -0.12 -0.09
(-2.48) (-2.33) (-0.70) (-0.50)
Number of respondents 1,206 1,134 1,206 1,134

Notes: Maximum likelihood estimates (z-statistics) of the parameters in bivariate ordered probit models for China. The
dependent variable is the respondents’ assessment of how strongly adaptation and climate protection should be pursued
by public authorities. * (**, ***) means that the parameter is different from zero at the 10% (5%, 1%) significance
level.
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Table 7: Estimation results for preferences for public activitiesin Germany

Explanatory variables Adaptation Climate protection
Adaptation 0.01 0.16
(0.06) (1.48)
Climate protection 0.55** 0.67***
(2.55) (3.00)
Number of adaptation activities -0.05 -0.03
(-0.90) (-0.47)
Number of pro-environmental activities 0.09* 0.14***
(1.78) (2.84)
Negative consequences from climate change -0.25 -0.31 0.82%** 0.49**
(-1.02) (-1.26) (3.85) (2.30)
Little effort of home country -0.11 -0.11 0.28** 0.22*
(-1.08) (-0.99) (2.54) (1.85)
Little effort of most states 0.23* 0.18 0.54*** 0.55***
1.73) (1.23) (3.93) (3.76)
No contribution of social environment -0.23* -0.08 -0.27* -0.29*
(-1.88) (-0.69) (-1.93) (-1.99)
Expectation of socia environment 0.06 0.03 0.09 0.03
(0.43) (0.23) (0.66) (0.23)
Warm glow 0.00 -0.04 0.40*** 0.33***
(0.03) (-0.29) (3.59) (2.68)
Lack of confidence -0.20%** -0.24*** -0.23*** -0.26***
(-2.84) (-3.27) (-3.19) (-3.38)
Being conservative 0.09 0.08 -0.10 -0.04
(0.84) (0.69) (-0.89) (-0.30)
Identifying with green politics -0.07 -0.16 0.30** 0.27**
(-0.62) (-1.34) (2.50) (2.19)
Being liberal 0.05 0.02 0.11 0.08
(0.59) (0.20) (2.08) (0.66)
High individual income -0.16 -0.21* -0.30** -0.28**
(-1.57) (-1.86) (-2.54) (-2.23)
Highly educated -0.12 -0.11 -0.06 -0.06
(-1.13) (-0.93) (-0.59) (-0.53)
Age 0.01** 0.01** -0.00 -0.00
(1.98) (1.99) (-0.27) (-0.13)
Female 0.20*** 0.23** -0.08 -0.12
(2.87) (2.10) (-0.74) (-1.01)
Number of own children -0.03 -0.03 0.03 0.01
(-0.52) (-0.63) (0.48) (0.23)
Living with a partner -0.01 -0.12 0.12 0.13
(-0.07) (-0.99) (1.11) (1.11)
North 0.13 0.17 -0.03 0.00
(0.96) (1.12) (-0.20) (0.01)
East 0.15 0.26* 0.11 0.16
(1.20) (1.86) (0.82) (2.19)
South 0.05 0.18 0.17 0.17
(0.38) (1.39) (1.26) (1.17)
Number of observations 544 458 544 458

Notes: Maximum likelihood estimates (z-statistics) of the parameters in bivariate ordered probit models for Germany.
The dependent variable is the respondents’ assessment of how strongly adaptation and climate protection should be
pursued by public authorities. * (**, ***) means that the parameter is different from zero at the 10% (5%, 1%) signifi-

cance level.
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Table 8: Estimation results for preferences for public activitiesin the USA

Explanatory variables Adaptation Climate protection
Adaptation -0.01 -0.00
(-0.09) (-0.01)
Climate protection 0.09 0.39*
(0.48) (1.95)
Number of adaptation activities 0.09 0.04
(1.62) (0.73)
Number of pro-environmental activities -0.05 0.06
(-0.92) (1.10)
Negative consequences from climate change -0.26* -0.22 -0.06 -0.05
(-1.86) (-1.52) (-0.39) (-0.30)
Little effort of home country -0.00 0.06 0.14 0.20
(-0.00) (0.42) (1.01) (1.32)
Little effort of most states 0.39*** 0.36** 0.51*** 0.43***
(2.92) (2.48) (3.62) (2.87)
No contribution of socia environment -0.10 -0.05 -0.28** -0.26*
(-0.69) (-0.32) (-2.06) (-1.75)
Expectation of social environment 0.10 0.04 -0.07 -0.04
(0.70) (0.29) (-0.50) (-0.26)
Warm glow 0.41*** 0.35** 0.69*** 0.77%**
(3.15) (2.53) (4.99) (5.36)
Lack of confidence 0.07 0.06 -0.20** -0.19**
(0.84) (0.60) (-2.42) (-2.20)
Being conservative 0.03 0.06 -0.05 -0.03
(0.26) (0.48) (-0.37) (-0.22)
Identifying with green politics 0.12 0.13 0.34** 0.18
(0.77) (0.72) (2.09) (0.94)
Being libera 0.28** 0.32** 0.24* 0.25*
(2.20) (2.30) (1.78) (1.70)
High individual income 0.08 0.03 0.17 0.20
(0.65) (0.19) (1.37) (1.58)
Highly educated 0.13 0.23* -0.06 -0.01
(2.02) (1.66) (-0.43) (-0.05)
Age 0.01 0.01 0.01 0.01
(1.42) (1.56) (1.29) (1.22)
Female 0.20* 0.19 0.15 0.19
(1.72) (1.53) (1.35) (1.55)
Number of own children -0.10** -0.11*** -0.02 -0.05
(-2.43) (-2.73) (-0.48) (-1.10)
Living with a partner -0.00 -0.05 -0.16 -0.24*
(-0.00) (-0.40) (-1.30) (-1.77)
West -0.04 -0.05 -0.17 -0.18
(-0.24) (-0.30) (-1.11) (-1.07)
Midwest -0.16 -0.23 -0.14 -0.19
(-1.11) (-1.47) (-0.91) (-1.13)
Northeast 0.08 0.07 0.18 0.16
(0.51) (0.45) (114 (0.95)
Number of observations 412 353 412 353

Notes: Maximum likelihood estimates (z-statistics) of the parameters in bivariate ordered probit models for the USA.
The dependent variable is the respondents’ assessment of how strongly adaptation and climate protection should be
pursued by public authorities. * (**, ***) means that the parameter is different from zero at the 10% (5%, 1%) signifi-
cance level.

31



	Deckblatt 02-2015
	02-2015 schwirplies

