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ABSTRACT 

 
Using panel data of 23 countries from 2005 to 2014, this thesis looks at the effects of 
public interventions on private investment in climate mitigation and adaptation 
activities in developing countries. An econometric analysis shows that the provision of 
international disbursements to developing countries has a negative effect on private 
climate finance. In contrast, domestic regulatory policies have significant and positive 
effects on private investment volume, while fiscal policies have significant but negative 
effects on private investment volume. The results indicate that in terms of international 
disbursements and public fiscal policies, the crowding-out effect outweighs the 
signaling effect in climate finance. However, regulatory policies are not associated with 
any financial incentives and therefore, do not crowd out private investment. The paper 
also points out data limitations in climate finance and directions for future research.   
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INTRODUCTION 
 
 Climate finance refers to investment in projects and programs for climate change 

mitigation and adaptation. In this thesis, I seek to understand the channels through 

which public instruments, including public policy and public finance mobilize private 

investment in climate finance in developing countries. More specifically, what are the 

factors that explain the variations of private sector climate finance in different 

countries? What types of public instruments best respond to private sector requirements 

in investing in climate change mitigation or adaptation projects? My hypothesis is that 

public instruments that involve financial incentives may crowd out private climate 

finance, while public instruments that do not involve financial incentives have positive 

effect on private investment. I use cross-country time-series data to quantify the 

linkages between public interventions and private investment in climate change 

mitigation and adaptation projects.   

 “Take urgent action to combat climate change and its impacts” is one of the 17 

Sustainable Development Goals adopted by world leaders in September 2015 to guide 

the global development agenda in the next 15 years. Greenhouse gas emissions are now 

at their highest levels in history, and the global average surface temperature rose by 0.8 

degree Celsius from 1880 to 2012 (Pachauri, Rajendra K., et al., 2014). 

 On 12 December 2015 at the UN Climate Change Conference in France, the 

international community agreed to stabilize global warming at less than two degrees 

Celsius before the year 2100. The agreement will be signed in New York on 22 April 
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2016 at United Nations Headquarters. Realizing this shared goal will require that all 

parties take ambitious actions.   

 There are two complementary strategies for reducing and managing the risks of 

climate change, adaptation and mitigation. Adaptation refers to adjusting to the 

expected level of climate change in order to reduce harm from inevitable consequences. 

Mitigation refers to reducing emissions to limit future climate change, for example, 

through renewable energy adoption, transition to a low carbon economy, and applying 

carbon sequestration technology.  

 Although climate change affects every country on earth, developing countries are 

most vulnerable. People in developing countries are more exposed to the negative 

consequences and have fewer resources with which to adapt (Barros, V. R., et al., 2015). 

For example, risks from extreme weather are amplified when essential infrastructure is 

scarce and global warming reduces crop yields and threats food security.  

 In developing countries, public resources are far from sufficient to address global 

climate change. Recognizing this funding gap, public actors in these countries are 

increasingly interested in using public instruments, including both public finance and 

public policies to leverage private capital investment in climate change projects. Thus, a 

unique opportunity exists for public and private actors to work together to increase 

climate change-related private capital flows to developing countries.  

 This thesis focuses on understanding the types of public instruments available to 

promote private climate finance, and quantifying their effects on private investment. It 

aims to inform and guide decision makers in designing climate finance policies. 
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The structure of the thesis is as follows: Section II introduces the concept of climate 

finance and the current landscape of investment in low-carbon resilient activities, and 

reviews the relevant literature on the subject. Section III presents my major 

methodology and data sets. Section IV will discuss the regression results and some of 

the challenges in quantifying the relationship between public interventions and private 

finance. And section V presents my conclusions and policy recommendations.  
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BACKGROUND AND LITERATURE REVIEW 
 

This chapter provides an overview of the current global landscape of climate finance, 

defines the core concepts around climate finance investment, and reviews the literature 

involving public instruments and their effects on private climate finance.   

 

Background: Current Landscape of Climate Finance 

 Finance has a pivotal role to play in supporting developing countries’ efforts to 

reduce emissions, decarbonize their economies, and adapt to the impacts of climate 

change. In developing countries alone, an estimated 75 to100 billion dollars is needed 

per year over the next 40 years to build resilience to these changes. In addition, 

mitigation costs in these countries are expected to range from 140 to 175 billion dollars 

per year by 2030. (World Bank, 2010)  

 Despite this huge financial requirement, a significant gap remains. Through the year 

2030, the estimated net incremental infrastructure investment required for a global 

transition to low-carbon economy is 5.7 trillion U.S. dollars. This would require shifting 

the world’s current 5 trillion U.S. dollars investments in energy business-as-usual to 

low-carbon investments, and raising an additional 700 billion U.S. dollars. (Green 

Growth Action Alliance, 2013) In December 2015, countries met in Paris to finalize a 

new global agreement to tackle climate change. Mobilizing sufficient financial 

resources to support low-carbon development activities was a key part of these 

continuing efforts.  
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Broadly defined, climate finance consists of the financial resources paid to cover the 

costs of transitioning to a low-carbon global economy and to adapt to, or build 

resilience against current and future climate change impacts. Climate finance could be 

channeled through both public and private actors. The former include national or sub-

national governments, bilateral aid agencies or multilateral development banks; the 

latter include single households, multinational corporations and commercial financial 

institutions.  

In 2014, the Global Landscape of Climate Finance (Climate Policy Initiative, 2014) 

estimated that climate finance levels have fallen far short of even the most conservative 

estimates of investment needs. After flat growth in 2012, and a decline in 2013, the 

amount of climate finance finally increased by 18 percent in 2014, reaching at least 391 

billion U.S. dollars globally. Public actors and intermediaries contributed at least 148 

billion U.S. dollars, and private investment contributed the rest, 243 U.S. billion dollars, 

(62 percent of the total). 93 percent of total 2014 climate finance was invested in 

mitigation activities, with 81 percent going toward renewable energy. (Climate Policy 

Initiative, 2015)  

Still, the cumulative gap between the level of finance needed and finance actually 

delivered is growing. A potential solution to close this gap is a larger private 

participation in climate finance. Private sector investors, including venture capitalists, 

or larger institutional investors like pension funds, insurance companies, or sovereign 

wealth funds, have assets under management representing several trillions of U.S. 

dollars globally. Fostering private participation in low-carbon markets can not only 
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address near-term development needs, but also ensure the longer-term viability of these 

markets. 

However, key questions remain as to what types of public interventions would be 

most effective in achieving goals in developing countries. Public interventions may 

shape the market via sending signals, providing incentives (or disincentives), or 

extending financial support.  On the other hand, in theory, public spending may also 

crowd out private investment. At the macro level, large government borrowing may 

absorb the economy’s lending capacity and raise the cost of capital; at the micro level, 

public resources may target at areas where private investors would otherwise still find it 

profitable. (David, Paul A., et al., 2000)  

Therefore, it is important for policy makers to understand whether signaling effect or 

crowding-out effect would dominate for a certain public instrument.   

 

Core Concepts around Climate Finance Investment 

Core concepts relevant to climate finance investment include the classification of 

climate actions, the definition of investment ownership, and the categorization of public 

instruments. Because there are no internationally-agreed-upon definition of these 

concepts in this relatively new field, I use the common understandings of key climate 

finance terminology.  
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Defining Climate Change Actions 

Typically, contributor and recipient countries use their own definitions to track 

finance for climate change purposes. There are also a number of multilateral definitions, 

including from the OECD Development Assistance Committee (OECD DAC), 

Multilateral Development Banks (MDBs), and the International Development Finance 

Club (IDFC). For this study, the sectors covered in climate change actions are all 

electricity generation and greenfield projects listed in the 2014 MDB joint report: 

“4. Renewable Energy Sector 

4.1.1. Wind power 

4.1.2. Geothermal power 

4.1.3. Solar power (concentrated solar power, photovoltaic power) 

4.1.4. Biomass or biogas power that does not decrease biomass and soil carbon 

pools 

4.1.5. Ocean power (wave, tidal, ocean currents, salt gradient, etc.) 

4.1.6. Hydropower plants only if net emission reductions can be demonstrated” 

(World Bank, 2015) 

 

Defining Public and Private Finance 

Most current reporting considers government entities and their associated 

development finance institutions and funds as public sector entities. However, there are 

some grey areas.  For example, most utilities might have mixed public and private 

shareholdings, and investment funds may hold both public and private sector 
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contributions. For this research, I use the definition by Climate Policy Initiative (CPI), 

which identifies public actors as “government ministries, bilateral aid agencies, export 

credit agencies, and multilateral, bilateral and national development financial 

institutions (DFIs)”. (Climate Policy Initiative, 2014) CPI identifies sources of private 

finance as “project developers, corporate actors and manufacturers, households, 

commercial financial institutions, institutional investors and private equity venture 

capital and infrastructure funds”. (Climate Policy Initiative, 2014) 

 

Defining Public Interventions and Instruments 

In terms of public interventions to mobilize private climate finance, two types of 

interventions should be considered:  

1. Public finance: a public entity provides direct financial support to a project, 

program, fund, or enterprise. 

2. Public policy: a broad set of interventions that can help indirectly to support 

climate-relevant projects and activities as well as shape countries and markets to 

achieve climate goals  

Table 1 summarizes specific options within these intervention types.   
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Table 1: Public Interventions and Instruments 

 
Source: Jachnik, Raphaël,. et al. (2015). 

 
  

 Intervention Types Instruments 
Public Finance Grants Project or program level grants 

Debt Loans 
Credit Lines 
Bonds 
Debt Funds 
Subordinated Debt 

Equity Direct Equity Investments 
Shares in Equity Funds 
Preferred Equity 

De-risking Insurance 
Guarantees 
Derivatives 

Public Policy Regulatory Policy Laws and Policies 
Plans and Targets 
Standards 
Quotas 

Fiscal Policy Taxes 
Subsidies and Tax 
Reliefs and credits 
Market Support 

Information and Innovation Policy Research and Development 
Licenses and Patents 
Technology Transfer 
Education and Awareness 
Data and Statistics 
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Literature Review 

Multiple studies have looked at the barriers to increasing private sector investment in 

climate finance and the role of public sector in encouraging private finance. 

In a background paper for G20 ministers, the International Finance Corporation 

(Patel, Shilpa, 2011) analyzed three main categories of barriers: financial, structural and 

technical. For example, low-carbon projects are usually capital intensive and have high 

operation and maintenance cost, such costs constitute a financial barrier to investment. 

An example of a structural barrier is the fact that most low-carbon projects are small, 

increasing transactions cost. An example of a technical barrier is the lack of awareness 

and understanding of available technical solutions and these financial benefits.   

Biagini and Miller (2013) point out that private sector efforts on adaptation are not 

widely understood or seen as good business practice; thus, public policy has a critical 

role to play to incentivize such investments by communicating risks, offering incentives, 

and demonstrating benefits. The authors argue that private sector engagement is 

essential because private businesses dominate many decisions that are key to adaptation, 

such as the location and design of roads and buildings, conducting agricultural research 

and providing financing. Major barriers to a larger presence of private sector entities in 

climate actions include: (1) Limited access to weather and climate information, which is 

usually tightly controlled by governments, and (2) Lack of internal knowledge and 

capacity to evaluate climate science. The authors also proposed that potential solutions 

could be regulatory mandates such as building codes and zoning restrictions, as well as 
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public actions to demonstrate and foster the private sector’s understanding of climate 

finance.  

Another thread of research has summarized common characteristics from several 

case studies of effective public instruments to promote private climate investment.  

A qualitative study by the Climate Policy Initiative (Buchner, Heller, Wilkinson, 

2012) summarizes overarching lessons from case studies on effective green financing, 

and looks at how different policies and public resources alter the investment decisions 

and behavior of private entities, financial institutions and capital markets. The study 

argues that green investment should focus on developing countries, especially emerging 

economies, and that more action is required on investment risk mitigation for the private 

sector.  

Overseas Development Institute (ODI) (Hedger, Merylyn., et al. 2014) looks at how 

multilateral climate finance was used in the past decade, and evaluates the effectiveness 

of these multilateral funds. They conclude that, in general, multilateral funds have spent 

their money in the most need places. Middle income countries, where emissions are 

growing rapidly, received most of the mitigation finance. Adaptation finance has 

targeted poor countries, particularly in Sub-Saharan Africa and South Asia, both of 

which are also the most vulnerable to climate change. The research also suggests 

several approaches to make climate finance policies more effective, including: (1) Take 

more risks and support innovation in technology improvement; (2) Strengthen policy, 

regulation, and institutional capacity for countries; (3) Select the right type of finance 

for specific purposes; and (4) Create new incentives for private sector engagement. 
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The German Society for International Cooperation (GIZ) has prepared a guidebook 

for designing public finance instruments to boost private investment in low-carbon 

development in seven developing countries (Brazil, Costa Rica, India, Thailand, 

Vietnam, Morocco and Namibia). The report outlines three principles: (1) A package of 

financing instruments is more effective than a single mechanism, because low-carbon 

projects are highly complex. (2) Policies should be tailored to particular countries and 

local stakeholders should be involved in policy design. (3) Policies should allow for 

flexibility to adapt as technologies and sectors mature.  

A few studies try to compare different policy instruments. OECD (2015) examines 

specific climate finance proposals according to four criteria: (1) their potential to 

increase levels of technology development and transfer, or capacity building and 

development; (2) the likelihood of effectively fulfilling their potential, based on 

experience with existing processes; (3) the ease with which outcomes can be monitored; 

and (4) whether the United Nations Framework Convention on Climate Change 

(UNFCCC) currently addresses the actions suggested by the proposals. 

Lindenberg (2014) discusses the strengths and weakness of eight public instruments 

that could be used to mobilize private climate finance, especially in developing and 

emerging countries. The paper categorizes public instruments into three types. Those 

that provide funding; those that transfer knowledge or mitigate risk; and those that raise 

additional private funds. The author points out that each instrument has its strengths and 

weakness, and is relevant for different project development stages, country conditions, 

and project purposes. 
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 Econometric analysis to evaluate the role of two categories of public interventions 

(finance and policies) in mobilizing flows of private climate finance worldwide is 

scarce, largely due to data limitations. Several studies discuss the potential data sources 

and feasible approaches to estimate the effect of private investment.  

Randy Caruso and Raphaël Jachnik (2014) evaluate the coverage and methodology 

of publicly available data sources relevant to climate finance, including commercial 

data providers such as Bloomberg, FactSet, and Thomson Reuters, as well as public 

data providers like the OECD and UNCTAD. They compare the differences in 

classification of sectors, coverage of transaction types, definition of public/private 

ownership and data collection processes. They find that public finance data, especially 

disbursements from developed countries to developing countries, are well documented, 

but fundamental data gaps remain in tracking private finance flows. Renewable energy 

projects have the best data coverage because these projects are easier to identify and 

isolate. However, data on mitigation activities and sectors that are more context- or 

condition-specific (e.g., projects related to energy efficiency, transport, water and 

forestry) are not readily available. 

 Jachnik and Raynaud (2015) look only at projects with both public and private co-

financing, and discuss two approaches to estimate the volume of mobilized private 

investment in the renewable energy sector. The first approach is using project-level data 

to distinguish public and private finance, and estimating the aggregate amount based on 

several assumptions to fill the data gap (for example, attributing finance equally among 

actors where the actual breakdown was not available). The second approach is to 
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combine public finance data with publicly available private finance leverage ratios from 

existing studies. Based on the two approaches and available data, the authors estimate 

that average public to private finance leverage ratios is 1:1 for multilateral public 

finance and 1:0.7 for developed country bilateral public finance. They also summarize 

the results from similar studies, with leverage ratios ranging from 1:0.4 to 1:2.1. They 

note, however, that the results should only be considered as indicative for both 

approaches, and are sensitive to data gaps and methodological assumptions. 

OECD (Haščič, Ivan,, et al. 2015) studies empirical evidence from renewable energy 

financing, a sub-sector of climate finance in which data are better tracked and 

documented. This study shows that the provision of public finance (bilateral and 

domestic combined) has a positive and significant effect on private finance flows. In 

terms of public policy, it examines the effect of feed-in-tariffs (FIT) and renewable 

energy quotas (REQ) respectively. The results show that FITs play an important role for 

both the investment decision and the volume of investment, while REQ policies are 

negatively correlated with the volume of private finance outflows. The study doesn’t 

provide a rationale for this result.  

My study expands on the existing research in three ways: First, I conduct 

quantitative analysis on the impacts of international disbursements on private 

investment in climate finance, evaluating the effectiveness of international aid in 

addressing the climate change challenge. The dataset covers 23 developing countries 

from 2005 to 2014 that have better data availability. Second, I expand the scope of 

public instruments from international disbursements to include domestic public policy 
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measures such as grants and subsidies, loans, regulatory, feed-in-tariffs and taxes. These 

policy dummies capture a more comprehensive set of public instruments that have been 

adopted to stimulate private investment, and enable the analysis of each specific policy. 

And third, I include interaction terms for international disbursement and each policy 

measure, to allow for the effect of international disbursement to vary depending on the 

adoption of policy measures. This provides more context for policy implications.   

 

Next I turn to my theoretical framework section. 
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THEORETICAL FRAMEWORK 
 

The theoretical framework of my analysis is:  

Amount of Private Investment = f (Amount of Public Finance, Relevant Public 

Policies, Control Variables, µ) 

(1) 

The logic of this model is that amount of private investment depends on socio-

economic conditions as well as relevant public interventions. Theory suggests that 

private sector investment is more active in countries with more advanced economic 

development and a better investment environment because of perceived higher return 

and lower risk.  

When controlling for development levels, climate-related public interventions should 

stimulate private sector investment on two fronts: first, enabling public policies to 

create incentives that are attractive to private investors; and second, helping to mitigate 

perceived investment risks. Most private investors are hesitant to make investments due 

to limited knowledge about climate-related activities. Public finance addresses this 

concern by having a government lead the investment.  

On the other hand, however, public instruments that involve direct financial transfers, 

such as public finance and public fiscal policies may crowd out private investment. This 

is because public resources may have replaced private inputs that would have been 

invested even in the absence of public interventions.  
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DATA 
 

This paper uses national level data on 23 developing countries from the year 2005 to 

the year 2014. The panel dataset includes 230 observations for analysis across the ten 

years. The geographic coverage of the data is represented in Figure 1, with different 

colors depicting the countries’ GDP in the year 2014. 

Figure 1: GDP  (Billion U.S. Dollars) in 2014 by Country 

Source: Author construction using World Bank Data (2015)  

The dataset includes 11 variables. The descriptive statistics of the full sample are 

summarized below in Table 2, and my variables are described in the following 

paragraphs.  
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Table 2: Descriptive Statistics 

Variable Measures Obs Mean Std. Dev. Min Max 
PRIFIN Million USD 230 1,200.10 3,912.35 0.00 30,509.56 
GDP Billion USD 230 475.69 808.07 10.90 5,270.06 
GDPpercapita Billion USD 230 4,451.73 3,050.72 699.50 11,515.97 
GovEff 0 to 100 230 50.93 15.74 9.57 87.38 
Vuln 0 to 100 230 37.90 6.90 23.89 51.63 
DsbmtUSD Million USD 230 753.06 814.55 0.81 4,671.07 
Grant 0 or 1 230 0.37 0.48 0 1 
FIT 0 or 1 230 0.46 0.50 0 1 
TAX 0 or 1 230 0.43 0.50 0 1 
Loan 0 or 1 230 0.16 0.37 0 1 
RGL 0 or 1 230 0.63 0.48 0 1 
 

PRIFIN is private finance invested in low carbon projects, aggregated by country 

and year, measured in millions of U.S. dollars, inflation-adjusted to the base year 2011. 

The data come from Bloomberg New Energy Finance (BNEF). BNEF maintains a 

private dataset tracking both public and private investment by sector, including 

renewable energy, energy smart technologies, advanced transport, gas and carbon. In 

terms of type of finance, it monitors asset financea, corporate debt, venture capital and 

private equity. However, asset finance represents more than 95 percent of the total 

transaction values， and the coverage of other transaction types is limited both in 

number of transactions and geographical areas. In fact, BNEF stopped tracking 

corporate debt and grants in 2012 and 2013. Therefore, I only use asset finance data for 

this analysis.  

                                                
a BNEF defines asset finance deals as “one or more investments (debt or equity) in a specific 
renewable energy generation project”. 
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Still, the BNEF data have serious limitations. First, financial information may not be 

disclosed due to confidentiality of transactions agreements. Using BNEF data for 

regression analysis may cause problems if the occurrence of confidential contracts is not 

randomly distributed across countries, and I do not see this trend in my sample. Second, 

BNEF only recorded projects above certain size thresholds; therefore, small scale 

transactions are not covered. Both of these problems lead to under-estimates of the 

actual amount of private sector investment in renewable energy finance. 

Figure 2: Aggregate Private Investment from 2005-2014 by Country 

 

Sources: Author construction using BNEF data 
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Figure 2 shows the aggregate amount of private investment from 2005 to 2014 by 

country. I note that China, Brazil and India combined account for more than 80 percent 

of total private investment in climate finance in my 23 developing countries and China 

by itself represents 62.32 percent. 

GDP and GDPPK are the Gross Domestic Product and per capita Gross Domestic 

Product, respectively, measured in billion U.S. dollars, at constant 2011 level. The data 

are from the World Bank Development Indicators (WDI). This database presents the 

most current and accurate global development data available on 214 economies.  

GOVEFF is an index of 0 to 100, measuring government effectiveness in each 

country. A higher number indicates greater efficiency. The data are from the World 

Bank World Governance Indicators (WGI), which presents individual and aggregate 

governance indicators for 215 economies for six dimensions of governance, over the 

period of 1996 to 2014. 

VULN is an index of 0 to100, measuring a country’s vulnerability to climate change. 

A higher number indicates greater vulnerability. I use The Notre Dame Global 

Adaptation Index (ND-GAIN) to measure countries’ vulnerability to climate change. 

The ND-GAIN Country Index ranks 177 countries on a country's exposure, sensitivity, 

and capacity to adapt to the negative effects of climate change. The ND-GAIN 

measures overall vulnerability by considering six life-supporting sectors: food, water, 

health, ecosystem service, human habitat, and infrastructure. The vulnerability to 

climate change of my 23 countries in the year 2014 is shown in Figure 3.  
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Figure 3: Vulnerability to Climate Change (0-100) in 2014 by Country 

	

 

Source: Author construction using ND-GAIN data. 

GRANT, FIT, TAX, LOAN and RGL are Public Policy Intervention dummies, 

which equal one when certain policy interventions are in force during the given year, 

and equal zero otherwise. GRANT includes grants and subsidies for low carbon 

projects, FIT is feed-in-tariffs in the destination countries, TAX includes tax relief and 

tax credits, LOAN is public lending (both concessional and non-concessional) and 

RGL is regulatory policies.  

The public policies in low-carbon devleopment activities are captured in the 

International Energy Agency (IEA) Policies and Measures Databases. Since 1999, the 

IEA’s Policies and Measures Databases has offered access to information on energy-

related policies and measures taken or planned to reduce greenhouse gas emissions, 
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improve energy efficiency, and support renewable energy development and deployment. 

The database mainly covers measures taken in IEA member countriesb, but also 

includes some information on policies and measures in Brazil, China, the European 

Union, India, Mexico, Russia and South Africa.  

In my econometric analysis, I construct dummy variables for different policy 

interventions to capture whether a certain policy intervention is in place, as described 

above. 

Figure 4: Number of Countries that have Certain Public Policies in Place 

 

Sources: Author construction using IEA data 

                                                
b IEA member countries are all OECD countries except for Chile, Mexico, Iceland and Slovenia. 
Chile and Mexico are currently candidate countries for IEA membership.  
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As shown in Figure 4, in general, the adoption of different types of public polices 

has increased rapidly in the past decade. In 2005, among the 23 sample countries in my 

database, for each public policy of grant, feed-in-tariff, tax incentives and loan, only 

one country had that policy in place for climate related activities, and four countries had 

regulation polices in place. As of 2014, grant, feed-in-tariffs, regulatory policies and tax 

incentives are in force in more than half of the 23 countries, and the coverage of loan 

policies had also increased to 6 countries. Interestingly, after 2010, few new countries 

adopted grant policies and loan policies, but tax, feed-in-tariff and regulatory policies 

were getting more popular among these countries.  
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EMPIRICAL MODELS 
 
The first empirical model I estimate is: 

 

PRIFIN = β0+ β1GDP + β2GDPPK + β3VULN + β4DSBMT + β5GRANT + β6FIT+ 

β7TAX + β8RGL + β9LOAN+ µ 

(2.1) 

Where the independent variables are defined as above, and µ is the random error. 

PRIFIN, total private finance for climate projects, is my dependent variable. 

According to theory, my expectations for the sign and significance of each variable 

are as follows:  

GDP should be highly correlated with PRIFIN, in a positive way. The larger the 

economy, the more resources that are available to invest in climate finance. GDPPK 

should also be significant but negative, meaning that PRIFIN increases with GDP but 

less than in proportion to per capita measures. This is because smaller per capita GDP 

represents a poorer country, so that the country may have other priorities to spend the 

money on.   

VULN should be significant and positive, because the more vulnerable the country is 

to climate change, the more investment should be directed to climate mitigation and 

adaptation projects.  

DSBMT should be significant, but the sign of the coefficient depends on whether the 

signaling effect or the crowding out effect dominates.  
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Policy dummies, GRANT, FIT, TAX, RGL and LOAN should be jointly 

significant, but not all policy variables should necessarily be individually significant. As 

discussed in the literature review, because of the complexity of low-carbon projects, a 

package of policy instruments is often more effective than a single mechanism. 

Specifically, the relationship between RGL, FIT, TAX (non-financial policy) and 

PRIFIN should be positive, but the effect of GRANT, LOAN (financial policy) on 

PRIFIN is less certain because of the dual effect of signaling and crowding out.  

One concern with Equation 2.1 is the potential multicollinearity of the policy 

interventions dummies, because public policy interventions tend to include two or more 

of the five policy instruments simultaneously. To handle this problem, I tested the five 

policy interventions individually in Equation 2.2 – 2.6, as noted in Table 3 in my 

results section. 

Another concern of my model is the potential interaction between international 

disbursements and public policy measures. The effect of international disbursements on 

private finance could be magnified (or reduced) in the existence of certain public policy 

instruments. To test this, I constructed interaction variables for each public policy 

interventions in Equation 3, denoted as Equation 3.1 (OLS model) and Equation 3.2 

(Tobit model) in Table 4 in my results section, to allow the effect of international 

disbursement on private finance to vary depending on the adoption of policy 

instruments. 
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PRIFIN = β0+ β1GDP + β2GDPPK + β3VULN + β4DSBMT + β5GRANT + β6FIT+ 

β7TAX + β8RGL + β9LOAN + β10GRANT×DSBMT + β11FIT×DSBMT + 

β12TAX×DSBMT + β13RGL×DSBMT + β14LOAN×DSBMT+ µ 

(3) 

Where P = {GRANT, FIT, TAX, RGL, LOAN}, 𝛽" represents the coefficients of 

the policy instruments in the regression, and 𝛽"∗$%&'( represents the coefficients of the 

interaction term of the policy instruments and international disbursement. The effect of 

public policy instruments on private investment then equals:  

PRIFIN 𝛽" = 1 − 	PRIFIN 𝛽" = 0 = 	𝛽" + 𝛽"×$%&'(×𝐷𝑆𝐵𝑀𝑇 

(4) 

Accordingly, when P = 1, namely when a certain policy is in effect, the effect of 

international disbursements on private investment equals:  

(𝛽$%&'( + 𝛽"×$%&'()×∆𝐷𝑆𝐵𝑀𝑇 

(5.1) 

When P = 0, the effect of international disbursements on private investment equals:  

𝛽$%&'(×∆𝐷𝑆𝐵𝑀𝑇 

(5.2) 

I note that the direction of the effect now depends on the coefficients of both 

variables of interests and their interaction terms. 

The estimation method used in my econometric analysis is OLS. I have tested the 

model using fixed effects to control of unobserved time-invariant characteristics that 
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affect the dependent variable, but the coefficients are insignificant, probably due to the 

small sample size.   

A Tobit procedure is often used to estimate models with dependent variables 

censured at zero. In my dataset, 59 of the 230 observations (25.65 percent) have zero in 

variable PRIFIN, reflecting the fact that no private investment was made for that 

country in that year. These results are also included in Table 4 in the next section.   
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EMPIRICAL RESULTS  
 

The results from the econometric model are summarized in Table 3 on the next page. 

In general, the results for my control variables are consistent across all models. GDP 

has a significant and positive effect on domestic private investment in climate finance, 

and the effect is quite large: for every thousand-dollar increase in GDP, the private 

investment in that country increases 4 dollars, holding all the other factors constant. 

GDP per capita has a significant but negative effect, although the effect is relatively 

small. This makes sense because a country with a larger economy (higher GDP) may 

have more resources to mobilize, but if the per capita GDP is relatively low, a country 

may prioritize investment in economic development over climate activity.  

Government Efficiency also has a significant and positive effect in all models 

estimated, suggesting good governance is important to promote domestic climate 

finance. Holding everything else equal, a one-unit increase on the 1 to 100 ranking 

mobilizes an additional 11.38 million U.S. dollars in private climate finance. 

Results for Vulnerability vary and the t-statistic is very small. When policy 

interventions are tested individually, I find a positive relationship between domestic 

climate finance and vulnerability to climate change, suggesting that a country is more 

likely to invest in climate activity if it is more vulnerable to climate change. However, 

the coefficient is negative when policy interventions are tested together.  
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Table 3: Regression Results 

 
(2.1) (2.2) (2.3) (2.4) (2.5) (2.6) 

 
PRIFIN PRIFIN PRIFIN PRIFIN PRIFIN PRIFIN 

       GDP 4.644*** 4.719*** 4.663*** 4.671*** 4.673*** 4.631*** 

 
-0.401 -0.412 -0.405 -0.408 -0.409 -0.405 

GDPpk -0.113** -0.101* -0.110** -0.110** -0.113** -0.107** 

 
-0.051 -0.0534 -0.0528 -0.0523 -0.0526 -0.0524 

GovEff 11.38* 17.89*** 19.63*** 18.95*** 17.84*** 14.50** 

 
-5.877 -6.386 -6.544 -6.448 -6.738 -5.716 

Vuln -7.208 23.2 22.32 24.8 25.61 7.013 

 
-23.06 -28.99 -28.18 -27.88 -29.08 -25.46 

Public Finance 
DsbmtUSD -0.658*** -0.660*** -0.715*** -0.711*** -0.750*** -0.591*** 

 
-0.2 -0.19 -0.193 -0.19 -0.203 -0.182 

Public Policy Instruments 
Grant -484.4** -336.9 

    
 

-228.2 -231 
    FIT 8.412 

 
212.4 

   
 

-216.6 
 

-208.7 
   TAX 430.5* 

  
57.66 

  
 

-254.8 
  

-189.6 
  RGL 407.0** 

   
207.8 

 
 

-196.5 
   

-203.8 
 Loan -1,343*** 

    
-1,079*** 

 
-310.6 

    
-275.9 

Joint Significance (Grant FIT TAX RGL Loan) 
F (5, 220) 5.12 

     P-value 0.0002 
     Model Significance 

Observations 230 230 230 230 230 230 
R-squared 0.856 0.843 0.842 0.841 0.842 0.851 
F-statistcs 17.61 28.16 28.36 28.32 28.34 28.87 
P-value 0 0 0 0 0 0 

Robust standard errors in parentheses,   
*** p<0.01, ** p<0.05, * p<0.1 
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Next I turn to the policy variables of interest – public finance and public policy 

instruments. First, the public finance variable, DSBMT is highly significant across all 

models, which is consistent with the hypothesis that international disbursements on 

climate related actions have a great impact on private investment. The signs are all 

negative, indicating when international entities disburse resources to developing 

countries on climate related activities, the crowding-out effect outweighs the signaling 

effect. The results suggest that the provision of international disbursements has a 

negative and significant effect on domestic private climate finance investment in all 

models estimated. In Model 2.1, the coefficient of DSBMT is -0.658, which means that 

for every 1 million U.S. dollars disbursed from donors for climate activities, private 

investors in the recipient countries reduce their domestic investment by approximately 

0.65 million U.S. dollars. 

Second, the five policy instruments are jointly significant for both OLS and Tobit 

specifications in Model (2.1), but FIT (feed-in tariff) is not significant individually. 

This is consistent with my hypothesis that a combination of policy instruments is more 

effective than any individual policy due the complexity of climate finance projects.  

Model (2.1) also suggests that Tax and Regulatory Policy play an important role in 

promoting domestic private climate finance, while Grants and Loans crowd out private 

investment. The crowding-out effect is large: everything else equal, the adoption of 

grant and subsidy policy reduces private sector investment by 484.4 million U.S. dollars, 

and the adoption of loan policy reduces private sector investment by 1.34 billion U.S. 

dollars. This supports the hypothesis that while public policy interventions may improve 
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overall investment activities in climate finance, their effects on private investment are 

mixed. In most of the countries analyzed, the provision of grants and loans doesn’t 

require co-finance from the private sector, and therefore result in crowding-out private 

investment.  

My simple OLS regression leads to the conclusion that public instruments, including 

public finance and public policies are important to private sector investment in climate 

finance activities. However, although public instruments may stimulate overall 

investment in climate actions because of the increased contribution from public entities, 

these instruments may crowd out private investment to a certain extent. In my 23 

country sample, I found that international disbursements have a significant and negative 

effect on domestic private investment, and domestic grant, subsidies and loan policies 

also crowd out private investment. 

I included interaction terms in my basic model to allow the effects of DSBMT, 

international disbursements to vary with the existence of different public policy 

instruments. In Equation (3), I interact the five policy instruments with DSBMT.  

Table 4 shows the results for both an OLS Model (3.1) and a Tobit Model (3.2).  
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Table 4: Regression Results for Equation (3) 

 (3.1) (3.2) 
VARIABLES OLS TOBIT 
   
GDP 4.816*** 4.927*** 
 (0.399) (0.388) 
GDPpercapita -0.132** -0.139** 
 (0.0548) (0.0681) 
GovEff 11.44** 34.39*** 
 (5.689) (8.943) 
Vuln 17.36 31.87 
 (25.22) (32.69) 
DsbmtUSD -1.948*** -1.599** 
 (0.579) (0.624) 
Grant -920.1*** -1,042*** 
 (241.6) (311.7) 
FIT 596.6** 834.3** 
 (262.2) (336.4) 
TAX 537.2* 805.8** 
 (292.8) (370.0) 
RGL -33.21 -285.4 
 (192.0) (258.1) 
Loan -1,611*** -1,206*** 
 (405.4) (462.1) 
Dsbmt×Grant 0.699** 0.775** 
 (0.334) (0.371) 
Dsbmt×FIT -0.858** -1.079** 
 (0.433) (0.496) 
Dsbmt×TAX -0.429 -0.661* 
 (0.333) (0.351) 
Dsbmt×RGL 1.553*** 1.608*** 
 (0.542) (0.604) 
Dsbmt×Loan 0.238 0.0442 
 (0.545) (0.587) 
Constant -903.8 -3,239** 
 (1,119) (1,499) 
Observations 230 230 
R-squared 0.871  
F-statistcs 13.90 15.63 
P-value 0 0 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 4 shows that the results of Model (3.1) and Model (3.2) are consistent. For the 

control variables, the sign and significance of the coefficients for GDP, GDPPK and 

GOVEFF are consistent with the previous model without interaction. VULN is 

negative in Model (2.1) but positive in Model (3.1), although the variable is not 

significant.  

For the variables of interests, the sign and significance of the coefficients for 

DSBMT and GRANT, FIT, TAX, RGL, LOAN are also consistent with the previous 

model. The interaction terms are significant for DSBMT×GRANT, DSBMT×FIT, 

DSBMT×RGL, and the sign of 𝛽" and 𝛽"×$%&'( are opposite for all three significant 

coefficients.  

According to Equation (4), PRIFIN 𝛽" = 1 − 	PRIFIN 𝛽" = 0  

=	𝛽" + 𝛽"×$%&'(×𝐷𝑆𝐵𝑀𝑇 

This means the effects of grant policies and feed-in-tariff policies depend on the 

level of public finance. The provision of grants and loan crowd out private finance 

when public finance is relatively small, but stimulates private finance when public 

finance is relatively large. Specifically,  

PRIFIN = -920.1 + 0.699 ×DSBMT 

(6) 
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Therefore, the provision of grants and loans positively affects private finance when 

DSBMT is larger than 1.317 billion U.S. dollarsc, but negatively affects private finance 

when below that level.   

The result provides a good explanation for whether specific policy instruments 

crowd-in or crowd-out private finance. The regression analysis indicates that, when 

international disbursements are relatively small, public policies that provide financial 

incentives crowd out domestic private finance. This is probably because the private 

sector is hesitant to take the initiative in areas where public finance is not active. In 

areas where the perceived financial return is more certain, grants and tariffs crowd out 

the private spending that would have been invested even in absence of the incentive 

programs. 

However, when the amount of international disbursements is larger, it sends a 

positive signal that there are opportunities in certain sectors, and creates a large enough 

pool to attract private co-finance, so that grants and feed-in-tariff policies provide the 

right incentives for private sector to participate.   

 

  

                                                
c In my sample of 23 countries, 20.43% of the observations have DSBMT larger than 1.317 billion 
U.S. dollars. 



 

35 
 

CONCLUSION AND POLICY RECOMMENDATIONS 
 

This study analyzes the role of both public finance and public policy instruments in 

mobilizing private climate finance in 23 developing countries using econometric models. 

I find that, overall, the provision of international disbursements to developing countries 

has a negative effect on private investment in low-carbon projects. However, domestic 

regulatory policies have significant and positive effects on private investment volume, 

while domestic fiscal policies have significant but negative effects on private 

investment volume. The results indicate that in terms of public finance and public fiscal 

policies, the crowding-out effect outweighs the signaling effect in climate finance. 

Regulatory policies on the other hand, are not associated with any financial incentives 

and therefore, do not crowd out private investment.   

The significant interaction terms in the econometric model between public finance 

and public policies also suggest that the effectiveness of public policies varies with the 

amount of public finance. Private investors respond to public fiscal policies when public 

finance is already engaged to a certain level.   

My study reinforces the idea that the impact of public instruments on mobilizing 

private investment is mixed, due to the conflicting consequences of the signaling effect 

and the crowding-out effect. Therefore, it is important for policy makers to design the 

right set of policies, so that public spending does not “crowd out” private investment. 

Rather, public finance should focus on where it is most needed to compensate for the 

absence of private financing and to mobilize additional private sector engagement. 
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My study also highlights the importance of creating a comprehensive investment 

environment in mobilizing private finance. A single mechanism is usually less effective 

and fiscal policies in particular may even crowd out private investment. A set of public 

instruments, which includes well-developed regulatory policies, fiscal policies and 

sufficient public finance, is essential to stimulate more private investment in climate 

change projects.  

I am aware that the external validity of this research is limited by data availability. If 

there is more comprehensive dataset on private investment in climate finance, future 

research could increase the coverage of the countries. Future research should also seek 

to expand the focus beyond the current range of public instruments. For example, aside 

from regulatory policies and fiscal policies, innovation and information policies are also 

widely used to encourage private climate finance, but are not considered in this paper 

because they are not well documented.  

My study also points out the importance of tracking key indicators in climate finance 

area, including amount of investment and provisions of policy instruments. Multilateral 

development banks, governments and research organizations should collaborate to 

increase the data documentation in this area.  

  



 

37 
 

REFERENCES 
 

 
Barros, V. R., et al. "Climate change 2014: impacts, adaptation, and vulnerability. Part 

B: regional aspects. Contribution of Working Group II to the Fifth Assessment 

Report of the Intergovernmental Panel on Climate Change." (2015). 

Biagini, Bonizella, and Alan Miller. "Engaging the private sector in adaptation to 

climate change in developing countries: importance, status, and 

challenges." Climate and Development 5.3 (2013): 242-252. 

Buchner, Barbara, Thomas C. Heller, and Jane Wilkinson. "Effective Green Financing: 

What have we learned so far." Venice: Climate Policy Initiative. (2012). 

http://climatepolicyinitiative. org/europe/publication/effective-green-financing-

what-have-welearned-so-far 

Caruso, Randy, and Raphaël Jachnik. "Exploring potential data sources for estimating 

private climate finance." (2014). 

Climate Policy Initiative. "The global landscape of climate finance 2014." (2014). 

Climate Policy Initiative. "The global landscape of climate finance 2015." (2015). 

David, Paul A., Bronwyn H. Hall, and Andrew A. Toole. "Is public R&D a complement 

or substitute for private R&D? A review of the econometric evidence." Research 

Policy 29.4 (2000): 497-529. 



 

38 
 

Green Growth Action Alliance. "The Green Investment Report: The ways and means to 

unlock private finance for green growth." (2013). 

Haščič, Ivan, et al. "Public Interventions and Private Climate Finance Flows: Empirical 

Evidence from Renewable Energy Financing." (2015). 

Hedger, Merylyn, Alice Caravani, Romilly Greenhill, Smita Nakhooda, Marigold 

Norman, Sam Barnard, Nella Canales Trujillo, Shelagh Whitley, and Charlene 

Watson. "Climate finance: is it making a difference?: a review of the 

effectiveness of multilateral climate funds." (2014). 

Jachnik, Raphaël, Randy Caruso, and Aman Srivastava. "Estimating mobilised private 

climate finance." (2015). 

Lindenberg, Nannette. "Public instruments to leverage private capital for green 

investments in developing countries." German Development Institute/Deutsches 

Institut für Entwicklungspolitik (DIE) Discussion Paper 4 (2014). 

Mironjuk, Marija, Jamie Brown, Wolfgang Mostert, and Stefan Tilch. "Smart climate 

finance: designing public finance strategies to boost private investment in 

developing countries." (2011). 

New Climate Economy, "Better Growth, Better Climate: The New Climate Economy 

Report: the Global Report. " New Climate Economy, (2014). 



 

39 
 

Pachauri, Rajendra K., et al. "Climate Change 2014: Synthesis Report. Contribution of 

Working Groups I, II and III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change." (2014): 151. 

Patel, Shilpa. "Climate finance: Engaging the private sector." International Finance 

Corporation. (2011). 

Raphaël, Jachnik, and Victor Raynaud. "Sector-level approach to estimating mobilised 

private climate finance." (2015). 

The Renewable Energy Policy Network for the 21st Century. "Renewables 2015 Global 

Status Report. " (2015). 

UNFCCC, "Adoption of the Paris Agreement" (2015) 

World Bank. "Economics of adaptation to climate change - Synthesis report. " (2010). 

http://documents.worldbank.org/curated/en/2010/01/16436675/economics-

adaptation-climate-change-synthesis-report 

World Bank. "2014 Joint Report on Multilateral Development Banks' Climate Finance." 

(2015). 

 

 


