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Abstract
Using granular data from the OECD from 2010 to 2018 that differentiate between adap-
tation and mitigation measures to address climate change, we employed a double-hurdle 
model to examine whether countries’ Paris Agreement commitments and governance 
capacity help attract international climate-change-related financial aid. We found that (1) 
countries received a short-term aid boost in the year when they submitted the nationally 
determined contribution, and countries that committed only to action targets rather than 
emission goals were more likely to receive funds; (2) both the quality of the budget and 
financial management and the quality of public administration significantly enhanced the 
likelihood of receiving aid, but only the quality of public administration contributed to 
attracting funding for adaptations; and (3) multilateral institutions played catalytic roles 
in fostering bilateral international climate-change aid, particularly by increasing the likeli-
hood of funding.

Keywords  Climate change · Financial flow · Public governance · Multilateral institutions · 
Paris Agreement

JEL Classifications  O13 · O19 · Q54 · H83

1  Introduction

In this paper, we employ a double-hurdle model to examine whether countries’ Paris 
Agreement commitments, governance capacity, and multilateral institutions’ involve-
ment help attract international climate-change-related financial aid. Our paper 
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contributes to the literature in three ways: by (1) empirically analyzing the drivers of 
official international climate change finance flows, (2) quantifying the impact of the “big 
push” of the Paris Agreement, and (3) documenting the roles of public administration, 
budgetary/financial management, and the catalytic role of multilateral institutions.

First, our analysis adds to the literature examining the potential effects of interna-
tional environmental commitments on trade, foreign direct investment, and capital mar-
ket. Previous literature has investigated the impacts of international environment agree-
ments, mostly on trade. Analysis using aggregated data at the county level tends to find 
nonsignificant impacts from international environment agreements, e.g., Kellenberg 
and Levinson (2014). Analysis relying on disaggregated data at the industry level or 
using innovative approaches, such as synthetic control approaches, began document-
ing significant impacts. For instance, Aichele and Felbermayr (2015) found that coun-
tries making binding commitments under the Kyoto Protocol increased their embodied 
carbon imports from noncommitted countries. Tran (2021) examined the impact of the 
Kyoto Protocol on the trade of environmental goods and found that the exports of envi-
ronmental goods by Kyoto countries increased significantly after the Protocol entered 
into force. Ederington et al. (2022) found that the ratification of an international envi-
ronmental agreement has negative short-term impacts on exports of the manufacturing 
industry with medium emission intensity but positive long-term impacts due to shifts to 
cleaner products.

Several recent studies have started to examine the impact of the Paris Agreement. Tol-
liver et al. (2020a, 2020b) documented a significant positive impact of commitment to the 
Paris Agreement on green bond finance. Monasterolo and Angelis (2020) found that the 
weight of the low-carbon indices within an optimal portfolio tended to increase after the 
Paris Agreement, indicating that stock market investors started to consider low-carbon 
assets as an appealing investment opportunity. Focusing on U.S.-listed oil and gas firms, 
Diaz-Rainey et al. (2021) found that the signing of the Paris Agreement had a large nega-
tive impact on the stock returns of companies in the oil and gas sector. Furthermore, the 
implied volatility increased. Seltzer et al. (2022) documented that climate regulatory risks 
causally affect bond credit ratings and yield spreads of corporate bonds.

Second, our analysis shares common ground with literatures investigating the role of 
good governance, which has long been emphasized in the economic development literature 
(e.g., Acemoglu and Robinson (2012) and Han et al. (2014b)). Recent evidence is mainly 
from microfronts. Banerjee et al. (2020) showed that better public governance (e.g., just-
in-time payment through e-invoicing to workfare programs in India) can reduce leakage in 
public program payments and overall expenditures. Based on cross-country firm surveys, 
Bloom et al. (2014, 2016) found that differences in management practices (including gov-
ernance) account for 30% of the total factor productivity variation between countries. How-
ever, as Banerjee et al. (2020) pointed out, empirical studies of governance mainly focus 
on the aspect of corruption while holding the administrative structure constant, with a few 
exceptions either examining the roles of functionaries (Burgess et al. 2012) or of bureau-
cratic discretion (Duflo et al. 2014). While such aspects of public management architecture 
have been gaining increasing attention in the public administration literature (Pollitt and 
Bouckaert 2011; Begchin et al. 2018; IMF 2020), related empirical works are still limited, 
except for Goncalves (2014), who documented that participatory budgeting in Brazilian 
municipalities during 1990–2004 has channeled a larger fraction of budgets to investments 
in sanitation and health services and reduced infant mortality rates. Our paper is among the 
efforts to document empirical evidence on the role of public architecture in international 
climate change financing.
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Third, we contribute to the literature by investigating how commitments undertaken 
as part of the Paris Agreement shape financial climate aid using a double-hurdle gravity 
model. The gravity model has been widely used to analyze bilateral flows of trade, FDI, 
migration, and tourism but has limited application to international climate financial flow, 
except for Haščič et al. (2015) and Weiler et al. (2018). Haščič et al. (2015) focused on pri-
vate renewable energy flows; in contrast, our paper focuses on official financial aid, which, 
as we have discussed above, serves as the most important public financing source for some 
low-income countries. Weiler et al. (2018) analyzed the role of governance in adaptation 
financial aid from 2010 to 2015. We advance the understanding by including different 
aspects of governance, e.g., public administration and budgetary quality, affect differently 
the likelihood and the volume of receiving aid. In addition, our double-hurdle model out-
performs the Heckman Tobit model used in Haščič et al. (2015) and the two-stage Cragg 
Model used in Weiler et al. (2018). We will discuss the details in Sect. 5.

This way we found that the low-income recipient countries would receive more adapta-
tion and mitigation aid in the year when they submitted their Intended Nationally Deter-
mined Commitment (INDC) plan––the official commitment to the Paris Agreement; coun-
tries that committed to actions in the submission plan would receive more funds than their 
peers that committed to emission goals; an improved public administration capacity and 
sound budgetary and financial management would enhance the probability of receiving aid 
but had a lesser effect on the volume of funds; multilateral institutions played catalytic 
roles in fostering bilateral international climate-change aid, particularly by increasing the 
likelihood of funding.

The remainder of this paper is arranged as follows: Sect.  2 sets out the background, 
Sect. 3 describes the data, Sect. 4 presents the double-hurdle Tobit gravity model, Sect. 5 
discusses the empirical estimation results, Sect. 6 presents several policy simulation sce-
narios, Sect. 7 describes the robustness check, and Sect. 8 concludes.

2 � Background

Climate change has gained increasing attention from the social sciences, policy-makers, 
and capital markets. In capital markets, green bond issuance has grown significantly in 
recent years, from an average annual issuance of $52 billion in the period from 2008–2018 
to a total issuance of $255 billion in 2019 alone (Climate Bonds Initiatives, 2019). The 
international financial aid also increased substantially: adaptation flows rose from 9.43 bil-
lion USD in 2010 to 31.95 billion USD in 2018, while mitigation flows rose from 21.84 
billion USD in 2010 to 52.44 billion USD in 2018 (Fig. 1). Policy-makers have been con-
centrating their campaigns on promoting green economies, green investments, and green 
recovery. Multilateral institutions have begun promoting carbon tax and green fiscal stimuli 
as effective fiscal tools in reducing carbon emissions (e.g., Fiscal Monitor October 2020; 
World Economic Outlook October 2020).

Low-income developing countries are the home of two-thirds of the world population, 
who are the most vulnerable to climate change risk and represent 90% of future emissions 
growth. In contrast, these countries only received 20% of funding for green investments 
(IEA 2021). While the needs for public investment for adaptation in low-income devel-
oping countries are large, at approximately 1.1% of GDP per year, the aid from official 
sources in 2018 was $10 billion, less than half of the investment needed (IMF 2020).
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Meanwhile, general international official aid is commonly recognized as a major financ-
ing resource of public investments in low-income developing countries (Kraay 2012). Cli-
mate-change official aid accounts for a substantial share of domestic investments in some 
countries. Indeed, as our data show, adaptation aid in Uganda and Mozambique is equiva-
lent to approximately 10% of domestic gross fixed capital formation.1 Because of the con-
siderable weight of international climate-change-related official aid in the least developed 
economies, it is important to examine what factors drive such finance flows.

The international community has started to develop related taxonomy and collect cli-
mate-change development finance data. Among these efforts, the OECD has collected 
activity-level external official climate finance flow data2 for both adaptation and mitiga-
tion measures.3 Reporting official development assistance (ODA) became mandatory for 
mitigation in 2006 and for adaptations in 2010. The activity-level data contain informa-
tion on provider and recipient countries, flow amounts, and sectors.4 The granular informa-
tion of this pioneer dataset opens the possibility of investigating questions such as whether 
climate-change commitments help in attracting international official finance and whether 
good public governance or multilateral institutions’ involvement helps.

In contrast to the rapid growth of climate change financing activities, the most prom-
inent feature of the climate financing literature is its absence. Diaz-Raney et  al. (2017) 
called climate finance an area of “stranded research” when only 12 articles were found on 
climate finance after they analyzed more than 20,000 articles published in the leading 21 
finance journals between 1998 and 2015. Not until 2020 was a special issue in the Review 
of Financial Studies (Volume 33, Issue 3) devoted to climate finance, with a focus mainly 
on private financing instead of public financing. We wish our analysis help to add under-
standing in this regard.

1  The annual average adaptation inflows to Uganda/Mozambique were 638.5 million/363.8 million USD in 
2018, while their gross fixed capital formations in 2018 were $7,918 million (https://​data.​world​bank.​org/​
indic​ator/​NE.​GDI.​FTOT.​CD?​locat​ions=​UG)/​$3,019 million USD (https://​data.​world​bank.​org/​indic​ator/​
NE.​GDI.​FTOT.​CD?​locat​ions=​MZ).
2  The data have included detailed descriptions on the purpose of each project. For instance, one project in 
Armenia in 2018 sought to improve the resilience of the highly exposed Artik city of Armenia to hydrome-
teorological threats that are increasing in frequency and intensity as a result of climate change. The project 
will reduce the quantity of debris flowing into a reservoir located in Artik city and the pollution of agri-
cultural lands (300 hectares of arable land 190 hectares of pastures, 15 hectares of hay meadows, 640 ha 
of artificial forests, 80  ha of water reservoir and other natural landscapes) in the project impact area by 
increasing their resilience and adaptation to climate change. Therefore, we lable the dataset as activity-level 
data.
3  The data are available for the Development Assistance Committee countries (24 member countries) start-
ing from 2000; however, the regular collections only started in 2008 for mitigation flow and from 2010 
for adaptation flow. The climate-related development finance data are only sourced from public providers, 
including bilateral, multilateral, and philanthropic entities. https://​www.​oecd.​org/​dac/​finan​cing-​susta​inable-​
devel​opment/​devel​opment-​finan​ce-​topics/​clima​te-​change.​htm
4  Mitigation and adaptation are two major climate change strategies: mitigation involves actions to reduce 
the emission sources or enhance the sinks of greenhouse gases, whereas adaptations are adjustments in nat-
ural or human systems in response to actual or expected climatic stimuli or their effects that moderate harm 
or exploit beneficial opportunities (IPCC 2001).

https://data.worldbank.org/indicator/NE.GDI.FTOT.CD?locations=UG)/$3,019
https://data.worldbank.org/indicator/NE.GDI.FTOT.CD?locations=UG)/$3,019
https://data.worldbank.org/indicator/NE.GDI.FTOT.CD?locations=MZ
https://data.worldbank.org/indicator/NE.GDI.FTOT.CD?locations=MZ
https://www.oecd.org/dac/financing-sustainable-development/development-finance-topics/climate-change.htm
https://www.oecd.org/dac/financing-sustainable-development/development-finance-topics/climate-change.htm
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3 � Data

In this section, we discuss details on the data sources and definitions of the main explana-
tory variables. Once the variables are merged, we obtain a panel dataset of 30 provider 
countries5 and 69 recipient countries6 from 2011 to 2018.

3.1 � Financial Aid Data

This data serves as the dependent variable in our analysis. First, we define seven sectors 
after considering the aid amounts significance and the degrees of freedom: the top six sec-
tors reported in the dataset that received the largest flows and an additional pooled group 
labeled “Others”. The value shares of the adaptation top six sectors are 23% for agriculture/
forest/fishing, 21% for water supply and sanitation, 12% for multisectors, 12% for general 
environment protection, 6% for transportation and storage, 4% for natural disaster preven-
tion, and the remaining other is 22%. The value shares of the mitigation top six are 34% 
for energy, 20% for transport and storage, 11% for general environment protection, 6% for 
agriculture/forest/fishing, 5% for multisectors, 5% for water supply and sanitation, and the 
remaining other is 19%.

For each country pair in each year, the finance flows are aggregated into seven sec-
tors. For sectors without fund flows, zeros are included. As reporting official development 
assistance became mandatory for adaptations in 2010 while for mitigation in 2006. Thus, 
the missing fund flows can be treated as true zeros. The full panel data set includes 115, 
920 observations (30 providers, 69 recipients, across 7 sectors, and 8 years). Eventually, 

Fig. 1   Time trends of international official adaptation and mitigation fund by income groups. LDCs–least 
developed countries, LMCs–lower-middle-income countries, MADCTs–more-advanced developing coun-
tries, UMICs–upper-middle-income countries.

5  ARE, AUS, AUT, BEL, CAN, CHE, CZE, DEU, DNK, ESP, FIN, FRA, GBR, GRC, IRL, ISL, ITA, 
JPN, KOR, LTU, LUX, LVA, NLD, NOR, NZL, POL, PRT, SVN, SWE, and USA.
6  AFG, AGO, ARM, BDI, BEN, BFA, BGD, BIH, BTN, CAF, CIV, CMR, COG, COM, CPV, DJI, ERI, 
ETH, GEO, GHA, GIN, GMB, GNB, GRD, GUY, HND, HTI, IND, KEN, KGZ, KHM, KIR, LAO, LBR, 
LKA, LSO, MDA, MDG, MLI, MMR, MNG, MOZ, MRT, MWI, NER, NGA, NIC, NPL, PAK, PNG, 
RWA, SDN, SEN, SLB, SLE, STP, TCD, TGO, TJK, TON, TZA, UGA, UZB, VNM, VUT, WSM, YEM, 
ZMB, and ZWE.
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103, 950 observations enter the regression due to unavailability of some right-hand side 
variables.

3.2 � Climate Change Actions

We use the type of goals committed to and year of submission of the INDC to measure 
the impact of the 2015 Paris Agreement.7 To meet the goals set in the Paris Agreement, 
every country needs to prepare a nationally determined contribution (NDC) every 5 years, 
which includes detailed targets, measures, and policies that will serve as the basis for 
national climate action plans. To lead up to the NDC, countries first submitted their plans 
as an intended NDC (INDC).8 In the detailed country-specific INDC, information such as 
a greenhouse gas (GHG) goal, a non-GHG goal, or no-goal but only actions is included. 
For example, Ethiopia submitted its INDC with a GHG target in 2017 as “Limit the net 
GHG emissions in 2030 to 145 Mt CO2e or lower”, Nicaragua submitted its INDC with a 
non-GHG target in 2018 as “60% of the installed capacity of the electric matrix must come 
from other types of renewable energy sources by 2030”, and Bahrain submitted its INDC 
with an actions-only plan with a list of activities, including energy efficiency programs for 
buildings, petroleum company energy conservation policies, and carbon capture and stor-
age plans. We introduce three dummy variables to represent the type of goals—GHG goals 
(committing GHG targets or GHG targets plus actions), non-GHG goals (committing to 
any type with non-GHG targets involved, such as non-GHG targets, non-GHG targets plus 
GHG targets, and non-GHG targets plus actions), and action-only plans—and year dum-
mies for 2015, 2016, 2017, and 2018.9 Because the INDC is a very recent commitment, to 
the best of our knowledge, we are among the first to examine its impacts.

3.3 � Public Administration and Budgetary Management

We use the Country Policy and Institution Assessment (CPIA) dataset10 to examine the 
roles of public administration and the budgetary/financial management of recipient coun-
tries in attracting official climate change aid. The World Bank Group publishes the CPIA 
dataset for the International Development Association (IDA) countries. The CPIA indi-
cators are important tools to assess the capacity of low-income countries. For example, 
the International Monetary Fund uses CPIA indicators in the debt sustainability analysis 
framework (IMF 2017). The World Bank allocates aid to IDA countries based on CPIA 
(Alexander 2010). In this analysis, we use two indicators: the quality of public administra-
tion11 and the quality of budgetary and financial management.12 The indicators are rated on 

7  The Paris Agreement established a goal to limit average global temperature rise to well below 2 °C and to 
pursue efforts to limit it to 1.5 °C.
8  A country’s INDC is converted to an NDC when it formally joins the Paris Agreement by submitting an 
instrument of ratification, acceptance, approval, or accession unless a country decides otherwise.
9  https://​cait.​wri.​org/​indc/
10  https://​datab​ank.​world​bank.​org/​repor​ts.​aspx?​source=​count​ry-​policy-​and-​insti​tutio​nal-​asses​sment
11  Quality of public administration assesses the extent to which civilian central government staff is struc-
tured to design and implement government policy and deliver services effectively.
12  Quality of budgetary and financial management assesses the extent to which there is a comprehensive 
and credible budget linked to policy priorities, effective financial management systems, and timely and 
accurate accounting and fiscal reporting, including timely and audited public accounts.

https://cait.wri.org/indc/
https://databank.worldbank.org/reports.aspx?source=country-policy-and-institutional-assessment
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a scale of 1 (low) to 6 (high). The scores depend on the level of performance of countries 
in a given year assessed against the criteria,13 rather than on changes in performance com-
pared to the previous year.

3.4 � Multilateral Institutions’ Participation

Rodrik (1996) posed the question of why there is multilateral lending while countries have 
bilateral aid programs. He has proposed two advantages of multilateral lending: one is 
the better capability of internalizing the externality by having more information, and the 
other is the degree of autonomy that allows multilateral institutes to exercise conditionality. 
However, Rodrik (1996) did not find empirical evidence on the catalyst role of multilat-
eral institutions for private capital flows. The role of multilateral institutions in providing 
information on the “quality” of the recipient government was explicitly modeled in the 
optimal contract design (Azam and Laffont 2003). Based on syndicated loan data, Gurara 
et al. (2020) found that multilateral institutions are more willing to finance risky projects 
or borrowers located in countries with high credit and financial risks, where private lend-
ers are reluctant to lend. In our analysis, we examine whether funding from multilateral 
institutions or philanthropies can help crowd in bilateral funding from donor countries in 
the context of climate change finance. A dummy variable is introduced, which is equal to 
one when the recipient country-sector-year received funding from multilateral institutions 
and zero otherwise.

3.5 � Natural Disaster Risk

We use the compound World Risk Index (WRI) in the World Risk Report (WRR)14 to 
measure natural disaster risk. The WRI is the product of the exposure indicator and vulner-
ability indicator. The exposure indicator measures the exposure of a country’s population 
to natural hazards such as earthquakes, storms, floods, droughts, and sea level rises (with 
a weight of 1 for earthquakes, storms, and floods and a weight of 0.5 for droughts and 
sea level rises). Vulnerability consists of the products of three factors: susceptibility, lack 
of coping capacities, and lack of adaptive capacities.15 The WRI ranges from 0 to 100%, 
with a higher percentage indicating a higher risk of natural hazards. The WRR has been 

13  The criteria for the quality of public administration covers the core administration defined as the civilian 
central government (and subnational governments, to the extent that their size or policy responsibilities are 
substantial), excluding health and education personnel and police, include (1) managing its own operations, 
(2) ensuring quality in policy implementation and regulatory management, and (3) coordinating the large 
public sector human resources management regime outside the core administration (deconcentrated and 
arms-length bodies and subsidiary governments). The criteria for quality of budgetary and financial man-
agement include (1) a comprehensive and credible budget, linked to policy priorities; (2) effective finan-
cial management systems to ensure that the budget is implemented as intended in a controlled and predict-
able way; and (3) timely and accurate accounting and fiscal reporting, including timely auditing of public 
accounts and effective arrangements for follow up.
14  The Institute for Environment and Human Security at the United Nations University in Bonn and 
Bündnis Entwicklung Hilft jointly developed the World Risk Index in 2011.
15  The susceptibility is the likelihood of suffering harm in extreme natural events, which depends on the 
structural characteristics and framework of a society. Coping consists of a society’s ability to minimize neg-
ative impacts, while adaptive capacities are more forward-looking measures and strategies to address the 
negative impact in the future.
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published annually since 2011. The 2017 WRR reported five-year average (2012–2017) 
values for each indicator rather than the updated annual value for 2017. Therefore, for 
2017, we use the values for 2016 instead.

3.6 � Economic Integration Agreement (EIA) and International Investment 
Agreement (IIA)

We use the NSF-Kellogg Institute Database16 on Economic Integration Agreements to rep-
resent the economic integration between the provider and the recipient countries. A num-
ber between zero and six is assigned to each country pair, with zero indicating no agree-
ment, one for non-reciprocal preferential trade arrangement, two for preferential trade 
agreement, three for free trade areas, four for custom union, five for common market, and 
six for economic union. As the data lasts till 2017, we assume 2018 remains as the same as 
2017. Higher value means more integration. We use UNCTAD’s International Investment 
Agreement data to represent the investment agreement.17 The dataset covers agreements 
signed between 1962 and 2020. We assume the agreement exists from the year of enforce-
ment to the last year of our analysis 2018. If there is an agreement, the indicator is equal to 
one, otherwise zero.18

3.7 � Fiscal Space

Two commonly used variables related to fiscal space are included: the fiscal balance and 
the general government’s debt-to-GDP ratio of both provider and recipient countries. The 
fiscal balance is extracted from the IMF’s fiscal monitor, and the debt-to-GDP ratio is 
extracted from the IMF’s global debt database. A positive fiscal balance indicates fiscal 
surplus, and a negative balance means a deficit.

3.8 � The Other Explanatory Variables

The bilateral variables of trade-weighted distance, historical colonial relationships, com-
mon language, common religion, and WTO memberships of/between provider and recipi-
ent countries are from the CEPII dataset on gravity.19 The respective GDP (in current 
USD) and populations of the provider and recipient countries are from the World Bank’s 
WDI dataset.

Table  1 lists the summary statistics of the data. The minimum size of the deal to be 
included as nonzero observations is 100 USD. The largest transaction of adaptation is $834 
million, and that of mitigation is $2,621 million. As revealed by the smaller median than 
the mean of the mitigation flows, the mitigation flows had many small transactions com-
bined with occasionally very large deals.

For the nonzero flows, approximately 60% of country-sector–year combinations have 
Multilateral Development Bank (MDB) financial aid, reflected by the mean value of the 

16  https://​sites.​nd.​edu/​jeffr​eyber​gstra​nd/ database-on-economic-integration-agreements/
17  https://​inves​tment​policy.​unctad.​org/​inter​natio​nal-​inves​tment-​agree​ments
18  The majority of the agreement is biliteral. When an agreement is signed between one country and a 
regional association, the country is treated to having agreements with each one of the associations.
19  http://​www.​cepii.​fr/​CEPII/​en/​bdd_​modele/​prese​ntati​on.​asp?​id=8

https://sites.nd.edu/jeffreybergstrand/
https://investmentpolicy.unctad.org/international-investment-agreements
http://www.cepii.fr/CEPII/en/bdd_modele/presentation.asp?id=8
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MDB dummy (0.61). The public debt to GDP ratios in the provider and recipient countries 
are not significantly different, with the median and mean of recipient countries’ debt being 
lower than those of the provider countries (72/79 vs. 84/88). The GDP per capita of the 
provider countries is significantly higher than the GDP per capita of the recipient coun-
tries, consistent with the nature of aid fund flow.

The dummy variables for INDC targets revealed that GHG target commitments 
accounted for the majority of the countries that submitted the INDC (62%), followed by 
countries that made any targets with non-GHGs involved (21%), and countries that only 
committed to action plans (17%). Regarding the distribution of years in which countries 
submitted INDCs, 2016 was the year most countries made the commitment (55%), fol-
lowed by 2017 (28%), 2018 (14%), and 2015 (4%). On CPIA capacities, the highest scores 
of the quality of public administration in the sample are 4 and 4.5 for the quality of budget-
ary and financial management, respectively.

4 � Methodology

We assume that the climate-related finance flows between the provider and recipient coun-
tries follow the gravity relationship. That is, finance flows are the result of unobserved 
forces between the provider and recipient countries. When the forces are strong enough, 
there are finance flows. As an analogy to Newton’s law of gravity in physics, the force 
is stronger either when the masses of two planets (GDPs of countries) are larger or the 
distance between two planets (distance between two countries) is shorter. The reason we 
do not observe aid flow from the recipient countries to provider countries is that the force 
from the recipient countries is not strong enough to induce flow, e.g., the GDP of recipient 
countries is not high enough.

Our analysis incorporates the cases of no fund flow between paired countries, that is, 
zero finance flows. The trade literature traditionally estimated the gravity model by only 
using data on positive trade flows. A growing body of research has started to recognize 
that using only the positive trade flow might induce biased estimates. Several approaches 
were recommended to incorporate zero observations. Helpman et al. (2008) developed a 
two-stage procedure consisting of both the selection of trade partners and trade-flow equa-
tions to incorporate the zero trade flows; Santos Silva and Tenreyro (2006) proposed esti-
mating the gravity models in multiplicative form by using the Poisson pseudomaximum-
likelihood (PPML) to address the heteroskedasticity and deal with zero flows; however, 
Martin and Pham (2020) argued that PPML does not yield the least-biased estimates when 
the zero trade flows are economically determined20 and with higher frequency. The clos-
est precedent to our paper was that of Haščič et al. (2015), who analyzed the role of pub-
lic policies on private renewable energy flows from 2000 to 2011. Haščič et  al. (2015) 
used the Heckman-Tobit (HT) to incorporate zero-flow observations. Our double-hurdle 
model is more accommodating than HT because HT implies the aid participation decision 
(selection) dominates the finance volume decision. That is, when a donor country decided 
to aid (selection is equal to one), a positive volume would be observed. In contrast, the 

20  Martin and Pham (2020) call the Eaton-Tamura model and Heckman model which they used in their 
analysis for the data generating process economically determined as these models have solid economic 
foundation. In contrast, as the data generating process used in Santos Silva and Tenreyro (2006) has no par-
ticular economic motivation, the data generating process is regarded as not economically determined.
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double-hurdle framework we use allows the corner solution of zero finance flow as the 
utility-maximizing decision of country pairs. That is, the model allows aid participation 
with zero-flows. The zero flows in such cases would not necessarily mean no aid participa-
tion. As mentioned in the introduction, Weiler et al. (2018) used a two-stage Cragg Model 
to analyze the impact of governance on adaptation financing aid. In their model estimates 
the two stages separately while we estimate the selection and the funding volume jointly. 
Madden (2008) has provided an extensive discussion on comparing sample selection mod-
els and two-part models.

In our modeling framework, the gravity forces work in two channels: one is the gravity 
or attractions of recipient countries for provider countries to aid, and the other channel is 
the forces between the recipient and provider countries to determine how large the fund 
flows would be. The selection of recipient countries and the following fund volume are 
allowed to move jointly. The double-hurdle framework allows the corner solution of zero 
finance flow, which means provider countries choose to aid recipient countries (selection is 
equal to 1), but zero funding is provided due to either limited budget or other reasons. That 
is, zero fund flows do not mean that a country chose not to aid.

Our double-hurdle Tobit model is set out as follows:

where y∗
1
 is the latent variable for the selection of the aid recipient country and y∗

2
 is the 

latent variable for the finance flows. X1 and X2 are the column vectors of explanatory vari-
ables, B1 and B2 represent the column vectors of the coefficients of explanatory variables, 
and ∈1 and ∈2 are normal random disturbances. Equation (1) models whether the unobserv-
able latent gravity of y∗

1
 is larger than a threshold ( y1 ) for the fund to flow. The observa-

tion can be represented by a binary variable of I1 , that is, I1 = 1, when y∗
1
≥ y1 ; otherwise, 

I1 = 0 . For convenience of estimation, we assume y1 is equal to 0. We call Eq. (1) hurdle 1.
Equation  (2) models the gravity of y∗

2
 in terms of the volume of the fund flow. To 

accommodate the nature of the volume of fund flow—positive flow when gravity is high 
enough and zero otherwise—a Tobit model is used. That is, y2 = y∗

2
 , when y∗

2
≥ 0 ; other-

wise,y2 = 0 . We call Eq. (2) hurdle 2. Combining Eqs. (1) and (2), y2 = y∗
2
I1. In the gravity 

model, y2 is the natural logarithm transformed fund flows when I1 = 1.21 The conditional 
probability mass for y2 can be expressed as P

(
y2 = 0

)
 for and the conditional density func-

tion as f+
(
y2
)
 for y2 > 0 , which leads to. y2 = 0 ∈2∼ N

(
0, �2

)

Assume the error terms follow the normal distribution as ∈1∼ N(0, 1) and ∈2∼ N
(
0, �2

)
 . 

The probability mass P
(
y2 = 0

)
 can be expressed as 1 − P

(
y2 > 0

)
 , where P

(
y2 > 0

)
 is a 

joint probability of y∗
1
≥ 0 and y∗

2
≥ 0, that is,

(1)y∗
1
= X1B1+ ∈1,

(2)y∗
2
= X2B2+ ∈2,

(3)P
(
y2 = 0

)
+

∞

∫
0

f+
(
y2
)
dy2 = 1.

21  The multiplicative relationship of mass and distance in the original gravity model can be transformed to 
an additive relationship by natural logarithm transform.
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where Φ(⋅) denotes the distribution function of a standard bivariate normal distribution 
with the correlation coefficient between ∈1 and ∈2

�
 as �12 . If there are no correlations 

between ∈1 and ∈2

�
 , then �12 = 0 , and Eq. (4) can be written as 1 − Φ

(
X1B1

)
Φ

(
X2B2

�

)
.

The density function f+
(
y2
)
 is conditional based on y∗

1
≥ 0 and y∗

2
≥ 0 as.

The log-likelihood function for the entire sample N is.

where lnLi =
{

lnP
(
yi
2
= 0

)
, if yi

2
= 0

ln f
+

(
yi
2

)
, if yi

2
> 0

.

We use the maximum likelihood method to estimate the parameters of interest by 
searching values that can maximize the log-likelihood function in Eq. (6). One advantage 
of our approach is that it allows the correlation coefficient �12 (correlations between the 
choices of the aid recipient country and the financing volumes) to be nonzero.

In our model, as shown in Eq. (4), the probability of observing zero financial flow is a 
joint event that both y∗

1
 and y∗

2
 are lower than the threshold value of zero. In contrast, Heck-

man Tobit, as illustrated in Heckman (1976), handles the zero flow only through the selec-
tion, only requiring y∗

1
 lower than the threshold.22

Next, we introduce more variables into the specifications as follows:

where Y1∗
ijkt

 and Y2∗
ijkt

 are the latent gravity of sector k in recipient country j from provider 
country i at time t for the adaptation/mitigation finance flow. The observable counterpart 

(4)

P
�
y2 = 0

�
= 1 −

1

�

∞

∫
−X1B1

∞

∫
−

X2B2

�

�

�
∈1,

∈2

�
; �12

�
d ∈1 d ∈2

= 1 − Φ

�
X1B1,

X2B2

�
; �12

�
,Φ

�
X1B1,

X2B2

�
; �12

�
Φ

⎛
⎜⎜⎜⎝

X1B1 + �12
y2−X2B2

��
1 − �2

12

⎞
⎟⎟⎟⎠

(5)f+
(
y2
)
=

1

𝜎
𝜙

(
y2 − X2B2

𝜎

)
Φ

(
X1B1,

X2B2

𝜎
;𝜌12

)
sin

−1 𝜃, when y2 > 0.

(6)ln L =

N�
i=1

ln Li =
�
i�yi

2
=0

lnP
�
yi
2
= 0

�
+

�
i�yi2⟩0

lnf+
�
yi
2

�
,

(7)Y1∗

ijkt
= �1 + B1INDCjt + B1

2
CPIAjt + B1

3
Riskjt + B1

6
Xijt + �i + �ijkt,

(8)
Y2∗

ijkt
= �2 + B

�

2
CPIAjt + B

�

3
Riskjt + B4FSjt + B5FSit + B

�

6
Xijt

+ �
�

i
+ �j + �k + �t + �ijkt,

22  Indeed, we did carry out a robustness check by using the Heckman Tobit to model the adaptation and 
mitigation finance flow. The results are presented in Table 8 in the Appendix. The likelihoods at maximum 
are − 40,056 and − 30,592, respectively, which are much lower (less powerful in explaining the climate-
finance flows) than the baseline results we report in Table 2. The general results are consistent with our 
baseline results. But, in the selection part, the coefficient estimates for INDC commitments, CPIA budget, 
and EIA are insignificant due to the model’s limitation in handling the corner solution.
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of Y1∗
ijkt

 is Y1

ijkt
 , which is equal to one when there is a positive flow from country i to sector k 

in country j at time t. That is, country i chooses to aid sector k in country j at time t . Simi-
larly, the observable counterpart of Y2∗

ijkt
 is Y2

ijkt
 , where Y2

ijkt
 is the positive fund flow observed 

in the data. I NDCjt represents variables on the nationally determined contributions, includ-
ing what type of goals are set, such as GHG emission goals, non-GHG goals, actions only, 
and the years in which country j submitted the plan. CPIAjt indicates the quality of public 
administration and the quality of budgetary and financial management of recipient country 
j at time t. FSit and FSjt are fiscal spaces indicated by the general government debt-to-GDP 
ratio and fiscal balance of provider country i and recipient country j at timet . Riskjt rep-
resents the world risk indices of recipient country j to natural disasters. Xijt indicates the 
common control variables in the gravity model, including trade-weighted distance between 
country i and country j , dummy variables to indicate whether country i and country j share 
a common language, common religions, an historical colonial relationship, trade agree-
ments, respective GDP per capita and population at time t . The parameters �i, �j, �k, and�t 
are dummy variables representing the fixed effects of provider country, recipient country, 
sector, and time. �ijkt indicates the error terms. Only the fixed effects of provider countries 
enter Eq.  (7) as the variables of interest, such as INDCjt,CPIAjt, andRiskjt , which are all 
recipient county specific. The fixed effects of recipient countries, if included, are designed 
to capture any unobserved recipient country specific features. When we have the varia-
bles of interest all recipient country specific, due to limited variations along j , we choose 
to include our first priority–the observed variables instead of the recipient country fixed 
effect.

A common concern in the literature on the impact of environmental agreements on trade 
is endogeneity. That is, the timing of a country entering into the agreements might be the 
result of shocks in trade or an unobserved force driving both the trade flow and decision 
to enter into the agreement. To address the endogeneity, previous literature recommended 
including time-varying country-fixed effects in the panel data regression, e.g., Aichele and 
Felbermayr (2015), Ederington et al. (2022). Such endogeneity is of less concern in our 
analysis. First, as the aid has very specific project to finance,23 the actions financed by the 
aid is either part of committed actions or helping to achieve the goal set in the commit-
ment. That is, the aid will be used directly on the climate efforts, which helps lessening the 
concern that the commitment is to attract the aid rather than making the climate efforts. 
Second, another concern is whether more financing aid induces commitments. As one pol-
icy goal of the variable on the left-hand side—official climate-related finance aid—is to 
encourage and finance recipient countries’ climate change actions to achieve the goal of the 
Paris Agreement, the coefficient estimates related to the INDC in our analysis are to assess 
whether the donor countries honor the design of climate-related finance aid. Additionally, 
as we will discuss in the following sections, the INDC enhances the likelihood of receiving 
funding but not boosting volumes also help to address the endogeneity concern. We will 
discuss the details in the following section.

23  E.g., in 2018, one project in Armenia is to improve resilience of highly exposed Artik city to hydro-
meteorological threats that are increasing in frequency and intensity as a result of climate change by reduc-
ing the quantity of debris flowing to reservoir located down the Artik city and the pollution of agricultural 
lands in the project impact area.
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5 � Empirical Results

The double-hurdle gravity model was estimated for adaptation and mitigation flow, as 
shown in Table 2. We ran the model under the assumption with and without correlations 
between two hurdles. For both types of finance flow, the estimates of correlation between 
two hurdles �12 were positive and significant, and the log-likelihood values at the maxi-
mum were similar. Thus, we chose the specification with correlations Column (2) for adap-
tation and Column (4) for mitigation as our baseline framework. The robustness checks in 
Sect. 7 are based on the specification with correlations.

Interestingly, both the higher quality of public administration (0.127 for adaptation and 
0.213 for mitigation) and higher quality of budgetary and financial management (0.04 
for adaptation) were significantly instrumental in the transmission of financial aid (hur-
dle 1: selection), but only the public administration (0.033 for adaptation and 0.039 for 
mitigation) brought in a larger volume of funding (hurdle 2). The quality of budgetary and 
financial management no longer had a significant effect. That is, even though both quali-
ties measure capacity, the organizational structure (where civilian central government staff 
are structured to design and implement government policy and deliver services effectively) 
attracts more funds to recipient countries, while operational capacity (a comprehensive 
and credible budget aligned with policy priorities, effective financial management systems, 
and timely and accurate accounting and fiscal reporting) enhances the probability of aid 
arriving but not the volume of the funding. Such different impacts of the same capacity on 
selection (hurdle 1) and volume (hurdle 2) help to partially address the endogeneity con-
cern. That is, to address that the positive coefficients are not a reflection of the impact of 
international climate change aid on the state capacity’s development, the “ineffectiveness” 
of the quality of budgetary and financial management in explaining the fund volume helps. 
Additionally, in hurdle 1, the quality of public administration has a much higher impact on 
mitigation than on adaptation (0.213 vs. 0.127) while having a higher impact compared to 
the quality of budgetary and financial management for adaptation (0.127 vs. 0.048).

Regarding climate change actions, compared to the GHG goal (the benchmark),24 the 
commitment type of action-only targets has a significant and positive impact on incurring 
both adaptation (0.29) and mitigation aid (0.295), while the non-GHG target has a smaller 
but still significant positive impact (0.043 for adaptation and 0.089 for mitigation). That is, 
compared to countries with emission reduction goals, recipient countries that committed 
to actions-only targets are more favorable by donors. One possible explanation is that the 
provider countries regard the action-only commitment more tangible than the emission tar-
gets; thus, they place a greater value on actions. Provider countries perceive the least ben-
efit from GHG goal commitments, so they place less value on GHG targets. For the timing 
of the INDC commitment, as shown by the estimates of INDC dummies, countries are 
more likely to experience a short-term boost in the year when they submitted their commit-
ment, except for 2015 for adaptation25 and except for 2017 for mitigation. The short-term 

24  The reason to use GHG as the benchmark is that quantitative reduction limitations or reduction commit-
ments (i.e., GHG targets) were the traditional type of objectives embedded in earlier climate change agree-
ments (e.g., the Kyoto Protocol) whereas action-only and non-GHG types of commitments were a promi-
nent feature of the Paris Agreement.
25  The commitments in year 2015 were made near the end of the year because the Paris Agreement was 
ratified in the same year, which allowed limited time for the provider countries to act.
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Table 2   Empirical results of double-hurdle gravity model

Dependent var Yijkt Adaptation Mitigation

Independent Correlated Independent Correlated

Hurdle 1: selection
(Intercept) − 3.626** 7.078** − 6.671** − 6.621**

‘(0.388) ‘(1.619) ‘(0.423) ‘(0.423)
WRI 1.489** 1.513** 1.288** 1.307**

‘(0.143) ‘(0.143) ‘(0.16) ‘(0.159)
CPIAPublicAdm 0.128** 0.127** 0.212** 0.213**

‘(0.021) ‘(0.021) ‘(0.023) ‘(0.023)
CPIAbudget 0.050** 0.048** 0.026 0.025

‘(0.018) ‘(0.017) ‘(0.02) ‘(0.02)
MDBDummy 0.380** 0.395** 0.396** 0.396**

‘(0.013) ‘(0.014) ‘(0.015) ‘(0.015)
INDCActOnly 0.290** 0.290** 0.295** 0.295**

‘(0.02) ‘(0.02) ‘(0.022) ‘(0.022)
INDCnonGHG 0.045** 0.043** 0.090** 0.089**

‘(0.019) ‘(0.019) ‘(0.021) ‘(0.021)
INDC15 0.077 0.074 0.223** 0.213**

‘(0.093) ‘(0.092) ‘(0.098) ‘(0.09)
INDC16 0.138** 0.139** 0.073** 0.074**

‘(0.034) ‘(0.034) ‘(0.037) ‘(0.036)
INDC17 0.135** 0.135** 0.059 0.057

‘(0.034) ‘(0.034) ‘(0.037) ‘(0.037)
INDC18 0.270** 0.269** 0.201** 0.198**

‘(0.037) ‘(0.037) ‘(0.041) ‘(0.04)
Distw − 0.397** − 0.400** − 0.346** − 0.347**

‘(0.017) ‘(0.017) ‘(0.019) ‘(0.019)
Colony 0.506** 0.509** 0.476** 0.475**

‘(0.038) ‘(0.038) ‘(0.04) ‘(0.04)
Comlang 0.542** 0.542** 0.466** 0.463**

‘(0.022) ‘(0.022) ‘(0.026) ‘(0.026)
Comrelig 0.550** 0.55** 0.478** 0.478**

‘(0.048) ‘(0.048) ‘(0.055) ‘(0.055)
Dummy for WTO − 0.107** − 0.109** − 0.074** − 0.076**

‘(0.02) ‘(0.02) ‘(0.023) ‘(0.023)
EIA 0.018** 0.019** 0.036** 0.036**

‘(0.008) ‘(0.008) ‘(0.009) ‘(0.009)
Investment agreement 0.096** 0.096** 0.101** 0.104**

‘(0.018) ‘(0.018) ‘(0.02) ‘(0.02)
Provider GDP 0.525** 0.500** 1.315** 1.301**

‘(0.079) ‘(0.08) ‘(0.095) ‘(0.095)
Recipient GDP 0.198** 0.198** 0.173** 0.173**

‘(0.005) ‘(0.005) ‘(0.006) ‘(0.006)
Provider pop − 1.971 − 34.614** − 18.418** − 18.111**

‘(1.646) ‘(5.085) ‘(1.823) ‘(1.82)
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Table 2   (continued)

Dependent var Yijkt Adaptation Mitigation

Independent Correlated Independent Correlated

Recipient pop − 0.269** − 0.272** − 0.049 − 0.031

‘(0.062) ‘(0.063) ‘(0.064) ‘(0.065)
Provider fixed effects (27) Yes Yes Yes Yes
Hurdle 2: volume
(Intercept) − 1.869** − 1.171** − 0.090 − 0.956*

‘(0.489) ‘(0.528) ‘(0.55) ‘(0.566)
WRI − 0.052 0.104 0.315 0.470*

‘(0.182) ‘(0.185) ‘(0.252) ‘(0.255)
CPIAPublicAdm 0.021 0.033** 0.011 0.039**

‘(0.014) ‘(0.014) ‘(0.018) ‘(0.018)
CPIAbudget 0.005 0.011 0.014 0.018

‘(0.008) ‘(0.009) ‘(0.011) ‘(0.011)
MDBDummy 0.004 0.043** 0.011* 0.06**

‘(0.005) ‘(0.007) ‘(0.006) ‘(0.008)
Distw − 0.048** 0.085** − 0.052** − 0.091**

‘(0.007) ‘(0.014) ‘(0.008) ‘(0.009)
Colony 0.038** 0.082** 0.019 0.075**

‘(0.012) ‘(0.01) ‘(0.014) ‘(0.016)
Comlang 0.029** 0.098** 0.018** 0.074**

‘(0.007) ‘(0.021) ‘(0.009) ‘(0.011)
Comrelig 0.048** − 0.006 0.046** 0.101**

‘(0.019) ‘(0.018) ‘(0.024) ‘(0.025)
Dummy for WTO 0.005 0.085** − 0.029 − 0.035

‘(0.018) ‘(0.014) ‘(0.024) ‘(0.024)
EIA 0.001 0.002 0.002 0.006

‘(0.003) ‘(0.003) ‘(0.004) ‘(0.004)
Investment agreement 0.013** 0.020** 0.031** 0.041**

‘(0.006) ‘(0.006) ‘(0.007) ‘(0.007)
Provider GDP 0.184** 0.245** − 0.017 0.143**

‘(0.032) ‘(0.035) ‘(0.041) ‘(0.046)
Recipient GDP 0.009 0.016 0.027 0.043*

‘(0.018) ‘(0.019) ‘(0.024) ‘(0.024)
Provider pop 4.634** 0.660 5.954** 3.512*

‘(1.632) ‘(1.844) ‘(1.891) ‘(1.944)
Recipient pop − 0.912 − 0.999 − 2.002** − 2.073**

‘(0.732) ‘(0.729) ‘(0.877) ‘(0.859)
Provider fiscal bal − 0.343** − 0.333** − 0.216 − 0.189

‘(0.132) ‘(0.132) ‘(0.162) ‘(0.159)
Recipient fiscal bal − 0.043 − 0.049 − 0.087 − 0.089

‘(0.071) ‘(0.071) ‘(0.086) ‘(0.085)
Provider debt to GDP − 0.088** − 0.081** − 0.246** − 0.248**

‘(0.034) ‘(0.034) ‘(0.051) ‘(0.05)
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boosts of the 2018 commitment were much stronger than those of the other years, which 
might reflect that climate change campaign actions were by then gaining more attention in 
attracting official aid.

Table 2   (continued)

Dependent var Yijkt Adaptation Mitigation

Independent Correlated Independent Correlated

Recipient debt to GDP 0.027 0.020 0.006 0.006

‘(0.023) ‘(0.023) ‘(0.03) ‘(0.03)
Water 0.003 0.002 − 0.045** − 0.041**

‘(0.006) ‘(0.006) ‘(0.015) ‘(0.015)
Transport 0.116** 0.102** − 0.083** − 0.08**

‘(0.021) ‘(0.02) ‘(0.009) ‘(0.009)
Agriculture 0.023** 0.024** − 0.058** − 0.056**

‘(0.005) ‘(0.005) ‘(0.007) ‘(0.007)
Env. protect − 0.053** − 0.053** − 0.065** − 0.063**

‘(0.006) ‘(0.006) ‘(0.009) ‘(0.009)
Multi-sectors − 0.02** − 0.020** 0.026 0.023

‘(0.007) ‘(0.007) ‘(0.024) ‘(0.024)
Disaster/energy − 0.039** − 0.038** − 0.011* − 0.007

‘(0.007) ‘(0.007) ‘(0.006) ‘(0.007)
Sd ( �) 0.163** 0.197** 0.178** 0.223**

‘(0.011) ‘(0.046) ‘(0.01) ‘(0.038)
�
12

0.632** 0.675**
‘(0.311) ‘(0.279)

Provider fixed effects (29) Yes Yes Yes Yes
Recipient fixed effects (68) Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes
Num. obs 103,950 103,950 103,950 103,950
Log likelihood − 26,921 − 26,921 − 21,516 − 21,516
McFadden � 0.63 0.63 0.70 0.70

Note: ** indicates significant with p < 0.05 and * with p < 0.1. The standard errors are heteroscedastic-
robust standard errors using Sandwich approach developed by Zeileis (2006) and Zeileis et al. (2020). We 
did not use the clustering standard errors clustered to the recipient-provider pair because the observations 
for the recipient-provider pair are very limited for majority of the pairs. Among the 1170 country pairs, 483 
pairs have observations less than 5 and only four pairs have the number of observations larger than the 36 
non-dummy variables estimated in the regression. The four pairs are Spain to Honduras, Spain to Nicara-
gua, Australia to Solomon Islands, and Australia to Vanuatu. In addition, we assume the country pairs fixed 
effects are additive. Thus, we introduce the provider and recipient country fixed effects separately into the 
regression rather than pairs. In hurdle 2, we exclude provider country USA from the fixed effect and use it 
as the benchmark group. In hurdle 1, for identification purpose, we exclude two more provider countries–
Latvia and Lithuania as they have too few observations, which generates difficulties to maximization. For 
the recipient countries, we exclude Armenia and use it as the benchmark group
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The catalytic role of multilateral institutions occurs through enhancing both the likeli-
hood that other bilateral providers will provide funds (0.395 for adaptation and 0.396 for 
mitigation) and the volumes of funds (0.043 for adaptation and 0.06 for mitigation).26

Natural disaster risk, measured by WRI, plays a significant role in determining the 
occurrence of climate change financial aid (hurdle 1) for both adaptation and mitigation 
(1.513 for adaptation and 1.307 for mitigation) but only affects the amount of mitigation 
funding received (0.47 in hurdle 2).

The commonly used gravity model control variables in both selection (hurdle 1) and 
volume (hurdle 2) are geographic distance, a dummy for colonial history, common lan-
guage, common religion, whether both countries are WTO members or have investment 
agreements, and the economic integration degrees. The coefficient of geographic distance 
is significantly negative in both hurdles (− 0.4 for adaptation and − 0.347 for mitigation for 
hurdle 1; − 0.085 for adaptation and -0.091 for mitigation for hurdle 2), the sign of which 
is consistent with gravity model theory. For selection (hurdle 1), colonial history, common 
language, and common religion have similar impacts for both adaptation and mitigation 
fund flows. Membership in the WTO has a negative impact on both adaptation and mitiga-
tion (− 0.109 for adaptation; − 0.076 for mitigation). For volume (hurdle 2), colonial his-
tory, common language and common religions all have significant and similar impacts on 
mitigation fund flows, whereas only colonial history and common language have signifi-
cant impacts on adaptation. But membership in the WTO has a positive impact on the vol-
umes of adaptation. The negative impact of WTO membership might indicate that climate 
change official aid (our dependent variable) serves as complementary financing to trade-
based commercial financing and is more needed when trade-based financing is insufficient. 
Once provider countries decide to provide aid, the volume of funding would be positively 
associated with the WTO membership.

The EIA differentiates the degree of integrations, such as free trade area, common mar-
ket, and economic union etc. and measures the integration beyond the WTO membership. 
Furthermore, the investment agreements emphasize one additional specific area–invest-
ment. Thus, it is not surprising to find that, in contrast to the WTO membership, both the 
EIA and investment agreements work positively and significantly to funding selection with 
investment agreement positively affecting the funding volume for both adaptation and miti-
gation. It is interesting to observe all three factors–membership of WTO, EIA, and invest-
ment agreement––all have impacts but work differently.

Provider countries with higher GDP are more likely to provide and tend to provide more 
funds for both adaptation and mitigation. Recipient countries with higher GDP are more 
likely to receive and tend to receive more funds for mitigation but not adaptation, which 
might reflect the fact that countries with larger economies are more likely to emit greater 
amounts of GHGs and that mitigation activities in these countries will be more impactful.

After controlling the GDP, populations work opposite direction with the GDP. Coun-
tries with larger population are less likely to provide or receive climate finance aid (hurdle 
1). After deciding to aid, provider countries with larger population tend to fund more while 
recipient countries with larger population tend to receive less for mitigation. The results are 
interesting. When the GDP works as the enhancing factor of gravity, as embedded in the 
gravity model, the size of population serves as gravity-reducing factor, except for provider 

26  We run a robustness check by replacing the MDB dummy with the MDB funding volume. The MDB 
funding amount induces both significant and higher likelihood and volume of mitigation aid but does not 
induce higher amount of adaptation aid. The detailed results are available upon request.
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country for mitigation fund volume. The findings are consistent with the purpose of mitiga-
tion activity: mitigation is conducted to reduce the emissions sources or enhance the sinks 
of GHGs, which affect the populations in provider countries, which have direct impact on 
the population in provider countries.

For the fiscal space variables, the provider countries’ debts to GDP are significant for 
both adaptation and mitigation (− 0.081 for adaptation and − 0.248 for mitigation): the 
higher the debts in provider countries, the fewer funds are provided. For adaptation, pro-
vider countries tend to give less funding when they have a higher fiscal balance. The higher 
fiscal balance of provider countries might indicate that they are on a contractionary fiscal 
path and, therefore, less likely to spend.

In terms of sectors, compared to the benchmark group (the pooled sectors other than the 
top six sectors), transportation and agriculture received more funds for adaptation, whereas 
the benchmark sector received more funds for mitigation.

The provider country fixed effects are included in hurdle 1, and the year fixed effects, 
the provider country fixed effects, and the recipient country fixed effects are included in 
hurdle 2. For the goodness of fit, McFadden’s � is estimated.27 As shown by McFadden’s � , 
the specification fits the adaptation flow (0.63) better than the mitigation flow (0.70).

6 � Policy Simulation

To interpret the coefficient estimates of our baseline model to fund volume, we simulate 
several scenarios in this section. We use adaptation only for this purpose.

6.1 � Financing Impact of the INDC Commitment

As presented in Table  2, the INDC commitment enters hurdle 1 only. The INDC com-
mitment does not affect the funding volume (hurdle 2). Thus, the impact of these com-
mitment would affect the likelihood of receiving aid. At aggregated level, the impact can 
be expressed as the number of transactions. Using the 2018 as the example, assume those 
countries that submitted the commitment in 2018 do not submit. With the other variables 
unchanged, the number of adaptations fundings would decrease to 1084 from 1316, a 18% 
decrease. Assume the countries that submitted action-only type of commitment submit 
GHG target, the number of adaptation fundings would decrease to 1061, a 19% decline.

6.2 � Financing Increases by Improving the Quality of Governance to Frontiers

As baseline results show in Table  2, the roles of the quality of budgetary and financial 
management and the quality of public administration are different: both positively and sig-
nificantly affect the selection of adaptation, while only the quality of public administration 
affects selection of mitigation and both adaptation and mitigation volume.

In this section, we simulate how much the recipient countries would receive had 
every country improved the governance quality to their peer frontiers: a score of 4.5 for 
the quality of budgetary and financial management and a score of 4 for the quality of 

27 1 − loglikelihoodmax∕loglikelihoodref  , where the loglikelihoodref  assumes all parameters as zero.
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public administration. With the other factors unchanged, the total adaptation in 2018 would 
have increased from 4696 million USD to 5130 million USD (a growth of 9.2.%) with 
the improvement in the quality of budgetary and financial management of each recipient 
country to 4.5 and to 6273 million USD (a growth of 33.6%) with the improvement in the 
quality of the public administration to 4. Figure 2 shows the boxplot of fund boosted due 
to governance improvements. Countries are grouped by their current quality of budget or 
public administration scores (horizontal axis). As shown in Fig.  2, countries with lower 
initial governance capacity benefit more by improving to the governance capacity fron-
tier: the median of the group with the lowest score is much higher than the medians of 
other groups. Improving the quality of public administration brings more benefit than that 
ofbudgetary and financial management: the medians of right panel are higher than those of 
the left panel.

6.3 � Financing Loss in the Absence of Multilateral Institute Involvement

In this section, we simulate the impact of the catalytic role of multilateral institutions in 
the international climate-change finance flow. Assuming there had been no involvement of 
multilateral institutions, the overall adaptation fund from 2010 to 2018 would have dropped 
1613 million USD (a 5.3% decline from 30,591 million USD to 28,978 million USD). The 
5.3% decline in fund volume might look small. However, we must keep in mind that 5.3% 
is the impact of multilateral institutes after controlling for all the other driving factors, such 
as distance, GDP, population, natural disaster risks, quality of governance, climate-change 
actions, etc. Thus, the simulation provides a numerical illustration of the catalytic role 
played by the multilateral institutions in leading the aid flows to the recipient countries.

6.4 � Implication of the COVID‑19‑driven Rising Public Debt on the Financing 
Landscape

Country authorities have provided unprecedented support to lifelines to fight the COVID-
19 pandemic and have incurred a considerable increase in public debt. The IMF has esti-
mated that global public debt has increased by 14% of GDP due to the pandemic (Fiscal 
Monitor April 2021).

In this section, we simulate the impact of the rising public debt of provider countries on 
the landscape of official climate change flow for both adaptation and mitigation. Assume 
the climate finance aid would respond to the public debt in post-Covid episodes in the 
same way as it did during the pre-Covid periods, for which our data covered. Assuming 
the public debt in the provider countries increased by 14% of GDP in 2018, we assess how 
much of the fund flows would decline. The adaptation fund flow would decrease from 4696 
million USD to 4079 million USD–a 617 million decrease (13%). Compared to the impact 
of governance capacity and the role of multilateral institutions, the rising debt of provider 
countries would be affected at a similar magnitude.

7 � Robustness Check

Several issues might bias our estimates. We proceed to check the robustness of our findings 
in this section.
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7.1 � Multicollinearity between Qualities of Governance

One concern is the asymmetric impact of the quality of public administration and the qual-
ity of budgetary management on the volume of funds (hurdle 2): the effectiveness of the 
quality of public administration and the ineffectiveness of the quality of budgetary and 
financial management obtained in the baseline model (Table 2) are potentially driven by 
the multicollinearity between the two indicators. The correlation between the two indica-
tors is indeed high: 0.62 (Figure A1).28 To rule out the possibility that the results are driven 
by the multicollinearity between the two indicators, we run the regression by including 
only one of the two indicators each time for hurdle 2. As shown in Table 3, without includ-
ing the quality of public administration, the coefficients of the quality of budgetary and 
financial management remain nonsignificant for both adaptation and mitigation, which pro-
vides strong evidence to support our findings in the baseline model on the ineffectiveness 
of quality of budgetary and financial management to induce a higher volume of funds. In 
contrast, when excluding the quality of budgetary management from hurdle 2, the coef-
ficients of the quality of public administration are still positive (0.023 for adaptation and 
0.013 for mitigation). Their significance is sustained. The results show that our findings on 
the asymmetric impacts of the quality of public administration and the quality of budgetary 
management on enhancing the likelihood of receiving funds and the volume of funds are 
robust.

7.2 � Enhancement or Shifting of Funding

Another concern is whether the increasing official climate change finance flows and the 
effectiveness of the driving factors documented in the baseline results are due to funding 
shifted to climate change purposes from the other development purposes instead of a net 
enhancement. We collected the OECD’s Development Finance Data, which describe offi-
cial aid targeting the general economic development and welfare of developing countries.29 
To ensure that these data are comparable to the climate-change finance flow data, we only 
include the Development Finance Data sourced from OECD Development Assistance 
Committee (DAC) countries.30 Figure 3 shows three time series: the official development 
aid flow from Development Finance Data, which is labelled as I. Total Aid Flow in Fig. 3 
(yellow line),31 the adaptation and mitigation flow from climate-change finance flow data, 
which is labelled as II. Adapt. & Miti. Flow (red line), and the official development aid 
flow excluding adaptation and mitigation,32 which is labelled as III. Flow excluding Adapt. 
& Miti. (Green line).

Because the adaptation and mitigation flow data (II) are not an exact subset of the offi-
cial development aid flow dataset (I), the official development aid excluding adaptation and 
mitigation (III) is an approximation of the development aid fund net of climate change, 

28  The unconditional pairwise correlation is presented in Figure A1 in the appendix, in which the adapta-
tion and mitigation flows are redefined as dummy variables (equal to one if there are fund flows, zero other-
wise) to show correlations between the fund flows and all the factors.
29  https://​www.​oecd.​org/​dac/​finan​cing-​susta​inable-​devel​opment/​devel​opment-​finan​ce-​data/
30  https://​www.​oecd.​org/​dac/​devel​opment-​assis​tance-​commi​ttee/
31  Including ODA (official development aid) and OOA (other official aid).
32  The official development aid flow minus mitigation and adaptation funds.

https://www.oecd.org/dac/financing-sustainable-development/development-finance-data/
https://www.oecd.org/dac/development-assistance-committee/
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which might be subject to downward bias.33 In Fig. 3, the official development aid flow and 
climate change (adaptation and mitigation flows) share a similar increasing trend. Their 
correlation coefficient is 0.81 and significant at 1%. The correlation between adaptation 
and mitigation (II) and the official development aid flow excluding adaptation and mitiga-
tion (III) is weaker, at 0.57, and significant at 1%.

However, the common trend becomes weaker between the official development aid flow 
(I) and adaptation and mitigation flow (II) for the second half of the period (2010–2018): 
a nonsignificant correlation coefficient of 0.38. The correlation coefficient between adap-
tation and mitigation (II) and the official development aid flow excluding adaptation and 
mitigation (III) become negative at 0.67 (significant at 5%). That is, from 2011, climate 
change became more important in the development finance landscape. The donor countries 
allocated more funds to climate change purposes while sustaining or increasing the overall 
development aid to a lesser degree.

Thus, the discussion above still does not fully address the concern about whether the 
increased climate-change aid flow was the result of fund shifting or a net increase in fund-
ing. To directly examine the impact of official development aid on climate finance, we run 
the baseline regression by including total official development aid (I) and official devel-
opment aid excluding climate change (III) as additional control variables. As shown in 
Table 4, all coefficients are positive. The coefficients of official development aid are signifi-
cant for both adaptation and mitigation. The coefficient of official development aid exclud-
ing climate change is significant for mitigation. Therefore, the increased climate-change 
finance flows are not from fund shifting. Instead, climate change aid flows are in tandem 
with other official forms of development aid.

Fig. 2   Simulated adaptation fund enhance by improving institutional capacity

33  For instance, in 2015 and 2016, Japan provided more climate finance funding than development funding; 
that is, its official aid excluding adaptation and mitigation were negative values.
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7.3 � Alternative Modeling Approaches

In this section, we do robustness checks by introducing provider-recipient country pair 
fixed effects, provider-year, and recipient-year fixed effects to the baseline model, using 
other modeling approaches, merging adaptation and mitigation flows, and adding the debt-
to-service ratio as an additional indicator for fiscal space.

First, we revise the specification in the baseline model in several aspects: in the vol-
ume hurdle (hurdle 2), replace the provider, recipient, and time fixed effects with provider-
recipient, provider-year, and recipient-year fixed effects, interact the sector dummies with 
the quality of public administration and quality of budgetary and financial management, 
and introduce the Pairs Agreement commitment types and commitment years. The results 
are presented in column (1) and (2) in Table 5. An alternative specification is to keep the 
hurdle 2 unchanged as in the baseline model but replace the provider fixed effects with 
provider-year fixed effects in hurdle 1. The results are presented in column (3) and (4) in 
Table 5.34

The inclusion of provider-year and recipient-year fixed effect in the volume hurdle 
helps as the decision to provide aid is, most likely, a multilateral as opposed to a bilat-
eral one. This argument runs much along the lines of that made for the trade multilateral 
resistance terms in Anderson and Wincoop (2003) and Baier and Bergstrand (2009). The 
provider’s decision to aid depends not only on the characteristics of the country that ulti-
mately receives aid but on the characteristics of all potential recipients. A similar case can 
be made for the potential recipient, which may adjust commitments and even governance 
quality based on the universe of potential providers. In column (3) and (4), replacing the 

Table 3   Impacts of 
multicollinearity between CPIA 
public admin and budget

Note: ** indicates significant with p < 0.05 and * with p < 0.1

Adaptation Mitigation Adaptation Mitigation

Hurdle 1: selection
CPIAPublicAdm 0.130** 0.217** 0.120** 0.207**

(0.021) (0.023) (0.02) (0.023)
CPIAbudget 0.044** 0.019 0.052** 0.028

(0.017) (0.019) (0.017) (0.020)
Hurdle 2: volume
CPIAPublicAdm 0.035** 0.042**

(0.013) (0.018)
CPIAbudget 0.013 0.020*

(0.009) (0.011)
Num. obs 103.950 103,950 103,950 103,950
Log likelihood − 19,188 − 15,915 − 19,190 − 15,916
McFadden � 0.73 0.78 0.73 0.78

34  Specifications in Table 5 and Table 6 may be subjected to the caveat that the coefficient estimates of 
variables with recipient-time variations, such as the quality of public administration, become meaning-
less when the provider-recipient fixed effects, provider-year fixed effects, or recipient-year fixed effects are 
included according to Head and Mayer (2015) (see Sect.  3.7). Thus, Table 5 and Table 6 only serve for 
robustness check purposes.
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provider fixed effects with the provider-year fixed effects in hurdle 1 would help to control 
for any time-variant characteristics of the provider country, e.g., fiscal space variables.

As column (1) and (2) in Table 5 shown, the coefficient estimates of hurdle 1 do not 
change compared to the baseline model in Table 2. The governance qualities do vary across 
different sectors: the quality of public administration enhances aid volume in environmen-
tal protection sector and the quality of budgetary and financial management enhance the 
fund in transport, agriculture, and other sectors for adaptation and in water, energy, and 
other sectors for mitigation. The Pairs Agreement commitment types and committed years 
(INDCActOnly, INDCnonGHG, INDC15/16/17/18) do not affect the aid volume. The esti-
mates of other variables remain consistent with the baseline model.

The estimates shown in column (3) and (4) remain consistent with the baseline model, 
except for in hurdle 2, the coefficient of the quality of budgetary and financial management 
for mitigation (0.019) turns to be significant with the magnitude remaining the same as in 
the baseline.

Second, we use two commonly used approaches to re-estimate our model, including 
Gamma pseudo maximum likelihood (Gamma-PML) and Poisson pseudo maximum like-
lihood (Poisson-PML). Both Gamma-PML and Poisson-PML can incorporate zero flows 
(Head and Mayer 2015). Because Gamma-PML minimizes the difference between the ratio 
of observations to the fitted value, whereas Poisson-PML minimizes the difference between 
observations and the fitted values, they avoid having logarithmic transformation of zeros as 
in log-normal OLS. We present the results in Table 6. However, we should bear in mind 
that the results cannot be directly compared to the baseline results in Tables 2 and 5, as 
Table 6 incorporates zeros and positive fund volume together into the modeling framework 
in one single regression, which is closer to hurdle 2 without considering hurdle 1. We use 
the same specification as in hurdle 2 of Table 5, including the interacting items of sectors 
and governance qualities, the Pairs Agreement commitments, provider-recipient country 
fixed effects, provider-year, recipient-year fixed effects.

As revealed by the root mean squared deviation (RMSD), the smaller the RMSD is, 
the better the goodness of fit across specifications. Gamma-PML works substantially bet-
ter than Poisson-GML for both adaptation and mitigation. Another striking result is that 
the coefficients of distance varied significantly across the two approaches. As advised by 

Fig. 3   International official development finance by purpose
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Head and Mayer (2015, on pages 174 and 177), Gamma-PML gives an efficient estimate 
when the deviation is proportional to the mean, and the divergence of coefficients of dis-
tance between Poisson- and Gamma-PML may signal model misspecification. Compared 
to the coefficient of distance in hurdle 2 in Table 5 (− 0.039 for adaptation and − 0.019 for 
mitigation), Gamma-PML yields similar estimates: -0.011 for adaptation and − 0.013 for 
mitigation, which are far different from those of Poisson-PML (− 0.494 for adaptation and 
− 0.435 for mitigation).

Focusing on the results of superior Gamma-PML, indeed the coefficient estimates of 
variables that also enter hurdles 2 of Table 5 (column 1 and 2) generally yield similar signs 
and significance. For example, The Pairs Agreement commitment types and committed 
years (INDCActOnly, INDCnonGHG, INDC15/16/17/18) do not affect the aid volume. 
The quality of budgetary and financial management enhances the fund in transport for 
adaptation and in water, energy, and other sectors for mitigation. Higher provider debt-to-
GDP would reduce aid fund for both adaptation and mitigation whereas higher recipient 
debt-to-GDP would reduce aid in mitigation. The results of Gamma-PML provide strong 
support for our double-hurdle model. Furthermore, as the double-hurdle model incorpo-
rates the selection hurdle too, it models richer information.

Third, we merge adaptation and mitigation flows to rerun the baseline model. Consider-
ing the stark difference between the nature of adaptation and mitigation activities, such a 
merger only serves as an econometric check of the robustness. Sector grouping is differ-
ent from those of adaptation and mitigation in the baseline case: the largest sector after 
merging is energy, followed by transport, environmental protection, agriculture, water, and 
multiple sectors. All the other sectors are pooled and serve as the benchmark sector. As 
shown in Table 7, the results after merging adaptation and mitigation are similar to those 
at baseline. The quality of public administration and quality of budgetary management 
are positive and significant in enhancing the likelihood of fund flows and funding volume. 
The action-only INDC is significantly positive, while the INDC non-GHG target is less in 
attracting funds. Except for 2015, the INDCs made in 2016 to 2018 boosted the funds in 
those years. Multilateral institutions not only enhanced the likelihood of receiving funds 
but also brought in a larger volume. The similar results of merging adaptation and mitiga-
tion to our baseline results show the robustness of the baseline estimates.

Fourth, in addition to the general government’s debt-to-GDP, another commonly used 
indicator is debt-service cost, which measures the short-term flow needed to service the 

Table 4   Impacts of other official development aid

Note: We only present the coefficient estimates of interest in the table. The remaining variables that are not 
presented are the same as those included in Table 2. ** indicates significant with p < 0.05 and * with p < 0.1

Adaptation Mitigation Adaptation Mitigation

Hurdle 2: volume
Official development aid exclud-

ing climate-change
0.002 0.008**
(0.002) (0.003)

Official development aid 0.056** 0.070**
(0.010) (0.013)

Num. obs 103.950 103,950 103,950 103,950
Log likelihood − 19,186 − 15,909 − 19,172 − 15,901
McFadden � 0.73 0.78 0.73 0.78
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debt rather than the medium-term stock level of debt. In our analysis, the fiscal balance 
incorporates debt interest payments and reflects short-term flow needs. When we include 
the debt-service cost to GDP ratio of the recipient countries35 as an additional variable, the 
coefficients are insignificant. Therefore, we do not present the results in the paper.

8 � Conclusion

In this paper, we employed a double-hurdle gravity model to examine whether coun-
tries’ Paris Agreement commitments, governance capacity, and multilateral institutions’ 
involvement help attract international official climate-change financial aid by using 
OECD activity level data for both adaptation and mitigation activities. We use coun-
tries’ INDCs to measure commitment to the Paris Agreement. We find that in the sub-
mission year of the INDC, countries received a short-term aid boost. Compared to the 
emission goals, the action-only target worked significantly better in terms of enhancing 
the likelihood of receiving funds for both adaptation and mitigation, reflecting that the 
provider countries value the action plan more than the emission goals committed.

Regarding the role of governance capacity, two different indicators were used: the 
quality of public administration and the quality of budgetary and financial management. 
The simultaneous inclusion of both indicators into the two hurdles (the selection and the 
volume) and their different roles in the hurdles help to address the endogeneity concern; 
the positive impacts of governance capacity were not driven by international climate 
change fund aid. In contrast, governance capacity induces fund flows because different 
aspects of capacity have different effects: both the quality of the budget and financial 
management and the quality of public administration significantly enhance the likeli-
hood of receiving adaptation aid, but only the quality of public administration contrib-
utes to attracting fund volume in both adaptations and mitigation.

Another interesting finding is the significant multilateral institutions’ catalytic roles in 
international climate change aid finance. If there were no multilateral institutions’ involve-
ment in official adaptation funding, the total amount of bilateral aid from 2010 to 2018 
would drop by 1613 million USD, equivalent to a 5.3% decline. The potential negative 
impact associated with the rising public debt due to the COVID-19 pandemic is large: 
using adaptation as an example, an annual decline of 617 million USD—an approximately 
13% decrease annually. One caveat of the simulations is the static and partial equilibrium 
assumptions implied with the other factors unchanged. Nevertheless, the simulations are 
helpful in measuring the impacts of the different factors in a tangible way.

Climate change issues become increasingly urgent with a large tail risk. Financing is 
the key factor enabling countries to take mitigation and adaptation actions. Our analysis, 
dedicated to international official finance flows, recommends actions—active participa-
tion in international climate change agreements, building governance capacities, and active 
involvement of multilateral institutions—that beneficiary countries and the international 
community should take to attract more funds to adapt and mitigate climate change impacts.

35  The data on provider countries debt-service cost are more limited. Thus, including debt-service cost to 
GDP ratio of provider countries would substantially reduce the number of observations.
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Table 5   Robustness check of double-hurdle gravity model

Dependent var Yijkt Adaptation Mitigation Adaptation Mitigation

Hurdle 1:
(Intercept) − 3.386** − 6.566** − 3.997** − 2.872**

‘(0.351) ‘(0.414) ‘(0.297) ‘(0.232)
WRI 1.502** 1.291** 1.396** 1.257**

‘(0.143) ‘(0.159) ‘(0.144) ‘(0.165)
CPIAPublicAdm 0.127** 0.212** 0.128** 0.213**

‘(0.021) ‘(0.023) ‘(0.021) ‘(0.023)
CPIAbudget 0.052** 0.026 0.053** 0.015

‘(0.018) ‘(0.02) ‘(0.018) ‘(0.02)
MDBDummy 0.38** 0.396** 0.404** 0.493**

‘(0.013) ‘(0.015) ‘(0.014) ‘(0.017)
INDCActOnly 0.289** 0.294** 0.277** 0.296**

‘(0.02) ‘(0.022) ‘(0.02) ‘(0.023)
INDCnonGHG 0.045** 0.089** 0.066** 0.099**

‘(0.019) ‘(0.021) ‘(0.019) ‘(0.021)
INDC15 0.086 0.221** 0.045 0.153

‘(0.093) ‘(0.097) ‘(0.093) ‘(0.096)
INDC16 0.139** 0.074** 0.142** 0.076**

‘(0.034) ‘(0.037) ‘(0.034) ‘(0.037)
INDC17 0.134** 0.059 0.156** 0.076**

‘(0.034) ‘(0.037) ‘(0.034) ‘(0.038)
INDC18 0.269** 0.204** 0.285** 0.209**

‘(0.037) ‘(0.041) ‘(0.037) ‘(0.041)
Distw − 0.398** − 0.344** − 0.299** − 0.313**

‘(0.017) ‘(0.019) ‘(0.016) ‘(0.018)
Colony 0.511** 0.474** 0.484** 0.493**

‘(0.038) ‘(0.04) ‘(0.038) ‘(0.041)
Comlang 0.541** 0.467** 0.625** 0.512**

‘(0.022) ‘(0.026) ‘(0.022) ‘(0.025)
Comrelig 0.545** 0.474** 0.276** 0.355**

‘(0.048) ‘(0.055) ‘(0.042) ‘(0.048)
Dummy for WTO − 0.109** − 0.076** − 0.087** − 0.064**

‘(0.02) ‘(0.023) ‘(0.02) ‘(0.023)
EIA 0.018** 0.036** 0.032** 0.06**

‘(0.008) ‘(0.009) ‘(0.008) ‘(0.009)
Investment agreement 0.096** 0.102** 0.105** 0.109**

‘(0.018) ‘(0.020) ‘(0.018) ‘(0.020)
Provider GDP 0.524** 1.302** 0.508** 0.258**

‘(0.079) ‘(0.094) ‘(0.05) ‘(0.03)
Recipient GDP 0.198** 0.172** 0.191** 0.174**

‘(0.005) ‘(0.006) ‘(0.005) ‘(0.006)
Provider pop − 2.634* − 18.384** − 16.014** − 10.863**

‘(1.584) ‘(1.803) ‘(2.251) ‘(2.19)
Recipient pop − 0.268** − 0.049 − 0.295** − 0.102

‘(0.062) ‘(0.064) ‘(0.063) ‘(0.066)
Provider fixed effects Yes Yes No No
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Table 5   (continued)

Dependent var Yijkt Adaptation Mitigation Adaptation Mitigation

Provider-year fixed effects No No Yes Yes
Hurdel 2: volume
(Intercept) 0.750** 0.870** − 1.593** − 0.673

‘(0.149) ‘(0.135) ‘(0.522) ‘(0.583)
WRI 0.134 − 0.074 0.199 0.48*

‘(0.153) ‘(0.148) ‘(0.184) ‘(0.252)
CPIAPublicAdm − − 0.032** 0.029

− − ‘(0.014) ‘(0.018)
CPIAbudget − − 0.012 0.019*

− − ‘(0.008) ‘(0.011)
CPIAAdm-water 0.010 − 0.064* − −

‘(0.024) ‘(0.039) − −
CPIAAdm-trans − 0.077 0.005 − −

‘(0.053) ‘(0.026) − −
CPIAAdm-agri/energy* 0.008 − 0.011 − −

‘(0.023) ‘(0.023) − −
CPIAAdm-env/agri 0.045* 0.013 − −

‘(0.025) ‘(0.025) − −
CPIAAdm-multi/env 0.012 − 0.015 − −

‘(0.025) ‘(0.027) − −
CPIAAdm-other/multi 0.001 − 0.026 − −

‘(0.023) ‘(0.064) − −
CPIAAdm-dis/other 0.014 0.005 − −

‘(0.026) ‘(0.022) − −
CPIABudget-water 0.022 0.082** − −

‘(0.018) ‘(0.034) − −
CPIABudget-trans 0.124** 0.01 − −

‘(0.044) ‘(0.021) − −
CPIABudget-agri/energy 0.028* 0.043** − −

‘(0.017) ‘(0.018) − −
CPIABudget-env/agri − 0.027 0.009 − −

‘(0.019) ‘(0.021) − −
CPIABudget-multi/env 0.011 0.032 − −

‘(0.019) ‘(0.022) − −
CPIABudget−other/multi 0.028* 0.059 − −

‘(0.017) ‘(0.054) − −
CPIABudget-dis/other 0.003 0.035** − −

‘(0.019) ‘(0.017) − −
MDBDummy 0.035** 0.009 0.042** 0.063**

‘(0.007) ‘(0.009) ‘(0.006) ‘(0.009)
INDCActOnly − 0.016 − 0.004 − −

‘(0.023) ‘(0.022) − −
INDCnonGHG − 0.013 0.024 − −

‘(0.021) ‘(0.025) − −
INDC15 − 0.004 0.015 − −

‘(0.079) ‘(0.059) − −
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Table 5   (continued)

Dependent var Yijkt Adaptation Mitigation Adaptation Mitigation

INDC16 − 0.007 − 0.012 − −
‘(0.029) ‘(0.032) − −

INDC17 0.029 − 0.007 − −
‘(0.026) ‘(0.03) − −

INDC18 0.008 0.041 − −
‘(0.032) ‘(0.038) − −

Distw − 0.039** − 0.019* − 0.074** − 0.082**
‘(0.012) ‘(0.011) ‘(0.008) ‘(0.009)

Colony 0.139** − 0.011 0.077** 0.062**
‘(0.025) ‘(0.02) ‘(0.013) ‘(0.016)

Comlang 0.024 0.045** 0.087** 0.07**
‘(0.015) ‘(0.013) ‘(0.009) ‘(0.011)

Comrelig 0.089** 0.037 0.071** 0.08**
‘(0.023) ‘(0.029) ‘(0.02) ‘(0.024)

Dummy for WTO 0.002 − 0.03* 0.00 − 0.02
‘(0.017) ‘(0.018) ‘(0.018) ‘(0.024)

EIA − 0.006 0.00 0.003 0.006*
‘(0.005) ‘(0.005) ‘(0.003) ‘(0.004)

Investment agreement − 0.007 0.043** 0.023** 0.04**
‘(0.010) ‘(0.010) ‘(0.006) ‘(0.007)

Provider GDP 0.047** 0.027** 0.2** 0.11**
‘(0.014) ‘(0.007) ‘(0.034) ‘(0.046)

Recipient GDP 0.010 0.000 0.022 0.036
‘(0.011) ‘(0.007) ‘(0.018) ‘(0.024)

Provider pop − 0.456 − 0.097 2.849 3.104
‘(1.226) ‘(0.088) ‘(1.76) ‘(2.022)

Recipient pop 2.073 0.626** − 0.947 − 2.075**
‘(1.481) ‘(0.307) ‘(0.734) ‘(0.857)

Provider fiscal bal 0.258 0.38** − 0.233* − 0.302*
‘(0.359) ‘(0.116) ‘(0.14) ‘(0.168)

Recipient fiscal bal − 0.133 − 0.222** − 0.017 − 0.076
‘(0.089) ‘(0.092) ‘(0.069) ‘(0.083)

Provider debt to GDP − 0.232** − 0.072** − 0.051 − 0.116**
‘(0.032) ‘(0.011) ‘(0.037) ‘(0.056)

Recipient debt to GDP − 0.047 − 0.069** 0.025 0.001
‘(0.03) ‘(0.025) ‘(0.023) ‘(0.03)

Water – − 0.002 − 0.039**
− − ‘(0.006) ‘(0.015)

Transport − − 0.110** − 0.079**
− − ‘(0.021) ‘(0.009)

Agriculture − − 0.023** − 0.055**
− − ‘(0.005) ‘(0.007)

Env. protect − − − 0.054** − 0.061**
− − ‘(0.006) ‘(0.008)

Multi-sectors − − − 0.019** 0.021
− − ‘(0.006) ‘(0.023)
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Table 5   (continued)

Dependent var Yijkt Adaptation Mitigation Adaptation Mitigation

Disaster/energy − − − 0.04** − 0.009
− − ‘(0.007) ‘(0.006)

Sd ( �) 0.169** 0.172** 0.193** 0.211**
‘(0.044) ‘(0.015) ‘(0.033) ‘(0.039)

�
12

0.582** 0.144 0.623** 0.622**
‘(0.297) ‘(0.179) ‘(0.237) ‘(0.272)

Provider-recipient fixed effects Yes Yes No No
Provider-year fixed effects Yes Yes No No
Recipient-year fixed effects Yes Yes No No
Provider fixed effects No No Yes Yes
Recipient fixed effects No No Yes Yes
Time fixed effects No No Yes Yes
Num. obs 103,950 103,950 103,950 103,950
Log likelihood − 26,921 − 15,678 − 18,926 − 15,220
McFadden � 0.63 0.78 0.74 0.79

Note: We keep the provider-recipient, provider-year, and recipient-year pairs with at least 10 positive finan-
cial flow observations for identification purpose. The resulted number of fixed effects is 789 for adaptation 
and 585 for mitigation. ** indicates significant with p < 0.05 and * with p < 0.1
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Table 6   Robustness check using GPML and PPML

Adaptation Mitigation

Gamma-PML Poisson-PML Gamma-PML Poisson-PML

(Intercept) 2.534*** − 2.338** 2.437*** − 2.247***
‘(0.166) ‘(0.876) ‘(0.127) ‘(0.581)

WRI 0.056 − 1.290 − 0.085 0.836
‘(0.182) ‘(0.826) ‘(0.159) ‘(0.658)

CPIAAdm-water 0.00 − 0.007 − 0.070 − 0.331
‘(0.027) ‘(0.129) ‘(0.040) ‘(0.256)

CPIAAdm-trans − 0.069 − 0.671* 0.002 − 0.199
‘(0.055) ‘(0.294) ‘(0.027) ‘(0.132)

CPIAAdm-agri/energy* 0.00 0.024 − 0.014 − 0.252*
‘(0.026) ‘(0.124) ‘(0.024) ‘(0.114)

CPIAAdm-env/Agri 0.036 0.306* 0.012 0.092
‘(0.028) ‘(0.132) ‘(0.027) ‘(0.12)

CPIAAdm-multi/env 0.003 − 0.149 − 0.017 − 0.299*
‘(0.028) ‘(0.133) ‘(0.028) ‘(0.13)

CPIAAdm-other/multi − 0.007 0.049 − 0.021 − 0.874***
‘(0.026) ‘(0.127) ‘(0.066) ‘(0.252)

CPIAAdm-dis/other 0.008 − 0.195 0.002 − 0.138
‘(0.029) ‘(0.153) ‘(0.023) ‘(0.111)

CPIABudget-water 0.013 0.055 0.088** − 0.352
‘(0.02) ‘(0.102) ‘(0.035) ‘(0.229)

CPIABudget-trans 0.096* − 0.085 0.013 0.042
‘(0.045) ‘(0.252) ‘(0.022) ‘(0.112)

CPIABudget-agri/energy 0.017 0.146 0.046* 0.313***
‘(0.019) ‘(0.097) ‘(0.019) ‘(0.093)

CPIABudget-env/agri − 0.037 − 0.269** 0.010 − 0.071
‘(0.022) ‘(0.105) ‘(0.023) ‘(0.099)

CPIABudget-multi/env 0.001 0.101 0.034 0.154
‘(0.021) ‘(0.106) ‘(0.023) ‘(0.11)

CPIABudget-other/multi 0.017 0.118 0.054 0.17
‘(0.019) ‘(0.101) ‘(0.056) ‘(0.218)

CPIABudget-dis/other − 0.010 − 0.053 0.037* 0.337***
‘(0.022) ‘(0.126) ‘(0.018) ‘(0.092)

INDCActOnly − 0.044 0.269* − 0.010 0.181
‘(0.026) ‘(0.14) ‘(0.024) ‘(0.108)

INDCnonGHG − 0.017 0.262 0.018 0.124
‘(0.024) ‘(0.14) ‘(0.026) ‘(0.111)

INDC15 0.009 0.069 0.014 0.234
‘(0.073) ‘(0.346) ‘(0.065) ‘(0.356)

INDC16 − 0.032 − 0.403** − 0.012 − 0.121
‘(0.033) ‘(0.161) ‘(0.035) ‘(0.158)

INDC17 0.012 0.076 − 0.005 0.155
‘(0.029) ‘(0.149) ‘(0.033) ‘(0.153)

INDC18 − 0.016 − 0.45* 0.042 0.022
‘(0.035) ‘(0.187) ‘(0.04) ‘(0.177)

MDBDummy 0.005 0.092*** 0.00 0.083**
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Table 6   (continued)

Adaptation Mitigation

Gamma-PML Poisson-PML Gamma-PML Poisson-PML

‘(0.005) ‘(0.025) ‘(0.007) ‘(0.031)
Distw − 0.011 − 0.494*** − 0.013 − 0.435***

‘(0.014) ‘(0.073) ‘(0.011) ‘(0.053)
Colony 0.102*** 1.033*** − 0.015 0.297***

‘(0.026) ‘(0.143) ‘(0.021) ‘(0.101)
Comlang − 0.018 0.672*** 0.042*** 0.363***

‘(0.014) ‘(0.078) ‘(0.013) ‘(0.065)
Comrelig 0.062* 0.471*** 0.034 − 0.069

‘(0.027) ‘(0.153) ‘(0.031) ‘(0.149)
Dummy for WTO 0.015 0.203 − 0.032 − 0.185*

‘(0.018) ‘(0.109) ‘(0.019) ‘(0.089)
EIA − 0.007 − 0.029 0.001 − 0.011

‘(0.005) ‘(0.03) ‘(0.006) ‘(0.026)
Investment agreement − 0.013 0.060 0.043*** 0.051

‘(0.011) ‘(0.058) ‘(0.011) ‘(0.049)
Provider GDP 0.02 0.686*** 0.019*** 0.709***

‘(0.014) ‘(0.098) ‘(0.005) ‘(0.028)
Recipient GDP − 0.002 − 0.023 − 0.003 0.019

‘(0.012) ‘(0.059) ‘(0.007) ‘(0.034)
Provider pop 0.211 − 20.336*** − 0.048 − 3.609***

‘(1.261) ‘(6.881) ‘(0.09) ‘(0.487)
Recipient pop 1.068 27.005*** 0.612* 2.198

‘(1.71) ‘(8.587) ‘(0.302) ‘(1.329)
Provider fiscal bal 0.523 − 8.577*** 0.321*** 3.563***

‘(0.461) ‘(1.851) ‘(0.11) ‘(0.539)
Recipient fiscal bal − 0.124 − 0.344 − 0.214* 0.047

‘(0.098) ‘(0.467) ‘(0.103) ‘(0.592)
Provider debt to GDP − 0.195*** − 1.432*** − 0.078*** − 0.005

‘(0.039) ‘(0.205) ‘(0.012) ‘(0.056)
Recipient debt to GDP − 0.045 − 0.332 − 0.067** − 0.326*

‘(0.035) ‘(0.179) ‘(0.027) ‘(0.144)
Provider-recipient fixed effects Yes Yes Yes Yes
Provider-year fixed effects Yes Yes Yes Yes
Recipient-year fixed effects Yes Yes Yes Yes
Num. obs 103,950 103,950 103,950 103,950
RMSD 0.137 2.76 0.168 4.32

Note: We keep the provider-recipient, provider-year, and recipient-year pairs with at least 10 positive finan-
cial flow observations for identification purpose. The resulted number of fixed effects is 789 for adaptation 
and 585 for mitigation. The first one for each category is used as benchmark. The 53/91 observations with 
residuals higher than 100 of adaptation/mitigation were removed to calculate the RMSD for PPML. With-
out removing the abnormal values, the RMSD for PPML is 1462/8.26 respectively. Zeros are arbitrage re-
assigned as one to be log-transformable. ** indicates significant with p < 0.01, with **p < 0.05, and * with 
p < 0.1
* The sector before/is for adaptation and after/is for mitigation
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Table 7   Merging Adaptation and Mitigation

Hurdle 1: selection Hurdle 2: volume

(Intercept) − 3.579** (Intercept) − 1.737**
‘(0.338) ‘(0.433)

WRI 1.398** WRI 0.144
‘(0.139) ‘(0.175)

CPIAPublicAdm 0.168** CPIAPublicAdm 0.033**
‘(0.019) ‘(0.013)

CPIAbudget 0.055** CPIAbudget 0.018**
‘(0.016) ‘(0.008)

MDBDummy 0.273** MDBDummy 0.037**
‘(0.013) ‘(0.005)

INDCActOnly 0.306** Distw − 0.084**
‘(0.019) ‘(0.007)

INDCnonGHG 0.051** Colony 0.068**
‘(0.018) ‘(0.012)

INDC15 0.128 Comlang 0.078**
‘(0.083) ‘(0.008)

INDC16 0.133** Comrelig 0.09**
‘(0.031) ‘(0.018)

INDC17 0.119** Dummy for WTO − 0.014
‘(0.031) ‘(0.017)

INDC18 0.287** EIA 0.003
‘(0.035) ‘(0.003)

Distw − 0.399** Investment agreement 0.038**
‘(0.016) ‘(0.005)

Colony 0.556** Provider GDP 0.157**
‘(0.036) ‘(0.031)

Comlang 0.511** Recipient GDP 0.036**
‘(0.021) ‘(0.017)

Comrelig 0.522** Provider pop 5.141**
‘(0.047) ‘(1.461)

Dummy for WTO − 0.081** Recipient pop − 1.896**
‘(0.019) ‘(0.669)

EIA 0.023** Provider fiscal bal − 0.425**
‘(0.008) ‘(0.120)

Investment agreement 0.114** Recipient fiscal bal − 0.031
‘(0.017) ‘(0.063)

Provider GDP 0.581** Provider debt to GDP − 0.144**
‘(0.075) ‘(0.033)

Recipient GDP 0.204** Recipient debt to GDP 0.016
‘(0.005) ‘(0.022)

Provider pop − 3.532** Water 0.053**
‘(1.502) ‘(0.018)

Recipient pop − 0.170** Transport − 0.004
‘(0.058) ‘(0.006)
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Appendix

Figure 4 and Table 8

Table 7   (continued)

Hurdle 1: selection Hurdle 2: volume

Agri − 0.003
‘(0.007)

EnvProtect 0.021**
Sd ( �) 0.201** ‘(0.005)

‘(0.023) MultiSec − 0.043**
� 0.600** ‘(0.006)

‘(0.157) Energy − 0.029**
‘(0.006)

Provider country fixed effects Yes
Recipient country fixed effects Yes
Time fixed effects Yes
Num. obs 103,950
Log likelihood − 22,296
McFadden � 0.69

Note: ** indicates significant with p < 0.05 and * with p < 0.1

Fig. 4.   The adaptation and mitigation are re-defined as dichotomy variables
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Table 8   Empirical Results of 
Heckman Tobit Model

Dependent Var Yijkt Adaptation Mitigation

Selection
(Intercept) − 3.438** − 6.517**

‘(0.582) ‘(0.618)
WRI 1.496** 1.31**

‘(0.428) ‘(0.378)
CPIAPublicAdm 0.127** 0.213**

‘(0.049) ‘(0.045)
CPIAbudget 0.051 0.025

‘(0.04) ‘(0.037)
INDCActOnly 0.289** 0.294**

‘(0.053) ‘(0.052)
INDCnonGHG 0.044 0.088*

‘(0.053) ‘(0.048)
INDC15 0.069 0.212**

‘(0.076) ‘(0.078)
INDC16 0.137 0.074

‘(0.087) ‘(0.077)
INDC17 0.133 0.057

‘(0.087) ‘(0.078)
INDC18 0.269** 0.202**

‘(0.096) ‘(0.086)
Provider GDP 0.523** 1.29**

‘(0.087) ‘(0.124)
Recipient GDP 0.198** 0.173**

‘(0.014) ‘(0.013)
Provider pop − 2.448 − 18.107**

‘(1.763) ‘(2.341)
Recipient pop − 0.264** − 0.031

‘(0.112) ‘(0.115)
Distw − 0.398** − 0.347**

‘(0.049) ‘(0.041)
Colony 0.509** 0.475**

‘(0.102) ‘(0.087)
Comlang 0.542** 0.463**

‘(0.065) ‘(0.062)
Comrelig 0.549** 0.475**

‘(0.118) ‘(0.115)
Dummy for WTO − 0.109** − 0.077

‘(0.056) ‘(0.048)
MDBDummy 0.38** 0.395**

‘(0.015) ‘(0.017)
EIA 0.018 0.036*

‘(0.021) ‘(0.02)
Investment agreement 0.096** 0.104**

‘(0.05) ‘(0.045)
Provider fixed effects (27) Yes Yes
Volume
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Table 8   (continued) Dependent Var Yijkt Adaptation Mitigation

(Intercept) − 26.251** − 11.605
‘(8.226) ‘(9.449)

WRI 0.568 5.776*
‘(2.007) ‘(3.295)

CPIAPublicAdm 0.358* 0.475*
‘(0.195) ‘(0.248)

CPIAbudget 0.101 0.218
‘(0.119) ‘(0.165)

MDBDummy 0.34** 0.734**
‘(0.111) ‘(0.131)

Distw − 0.895** − 1.122**
‘(0.16) ‘(0.177)

Colony 0.834** 0.921**
‘(0.295) ‘(0.303)

Comlang 0.77** 0.913**
‘(0.195) ‘(0.213)

Comrelig 0.982** 1.231**
‘(0.364) ‘(0.455)

Dummy for WTO − 0.024 − 0.434
‘(0.297) ‘(0.307)

EIA 0.018 0.074
‘(0.056) ‘(0.076)

Investment agreement 0.23* 0.506**
‘(0.12) ‘(0.147)

Provider GDP 2.695** 1.745**
‘(0.469) ‘(0.703)

Recipient GDP 0.245 0.533
‘(0.264) ‘(0.344)

Provider pop 54.837** 42.944
‘(25.984) ‘(29.794)

Recipient pop − 12.115 − 25.396**
‘(11.312) ‘(11.704)

Provider fiscal bal − 4.151** − 2.308
‘(1.787) ‘(2.38)

Recipient fiscal bal − 0.547 − 1.086
‘(0.876) ‘(1.011)

Provider debt to GDP − 1.086** − 3.04**
‘(0.504) ‘(0.804)

Recipient debt to GDP 0.329 0.081
‘(0.343) ‘(0.447)

Water 0.037 − 0.504**
‘(0.098) ‘(0.194)

Transport 1.442** − 0.974**
‘(0.298) ‘(0.125)

Agriculture 0.297** − 0.691**
‘(0.077) ‘(0.123)

Env. protect − 0.665** − 0.774**
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