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a b s t r a c t 

Investing in disaster risk reduction is crucial for minimizing the impacts of disasters. However, little is known 

about the factors that influence changes in investment levels over time. This study aims to identify the key socio- 

economic drivers behind increases and decreases in flood protection investment in People’s Republic of China 

(PRC). Such information is crucial for policy makers to justify flood investments. By analyzing data on flood 

protection expenditures, economic losses from floods, and other relevant indicators from 1980 to 2020, the study 

evaluates the relationship between investment and disaster impacts through the lens of the flood investment 

cycle model. It was found that the country succeeded in reducing flood damage because of increasing investment 

in flood protection. The results indicate that changes in PRC’s flood protection investment have been driven by 

three major factors: the occurrence of major disasters, the fiscal situation, and shifts in government policies. 

Investment tended to increase following large-scale events, such as the 1998 Yangtze River Basin flood and 

the 2008 Wenchuan earthquake, which prompted policy changes and renewed focus on DRR measures. Fiscal 

constraints limited investment in the 1990s, but reforms and stimulus measures improved the financial situation, 

enabling increased spending on flood protection. PRC’s experience in steadily reducing flood damage through 

sustained investment and policy commitment offers valuable lessons for other developing countries facing similar 

challenges. 
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. Introduction 

Investment in disaster risk reduction (DRR) is critical to minimizing

he damage caused by disasters [ 1 , 2 ]. The Sendai Framework for DRR,

greed by UN member states in 2015, emphasizes investment as one

f the priority actions [ 3 ]. However, developing countries often face

ignificant challenges in allocating sufficient resources for DRR due to

ompeting priorities and limited fiscal capacity. 

People Republic of China (PRC) has experienced frequent large-scale

ood disasters in recent years, underscoring the importance of robust

ood protection policies to mitigate damage. Flood events can have

evastating consequences, resulting in loss of life, displacement of pop-

lations, destruction of infrastructure, and significant economic losses

 4–6 ]. The integration of information and communication technologies

an improve the resilience of infrastructure [ 7 ]. For example, in July

021, heavy rains caused massive flooding in Henan Province, affecting

478,000 people, killing 398 people, and causing direct economic losses

f 120.6 RMB billion, or 16.7 billion USD [ 8 ]. 
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The government has strengthened DRR capacities. For example, the

ecovery plan from the 2021 heavy flood cover not only restoring water,

ousing, infrastructure, education, and health services, but also improve

tructural and nonstructural measures against floods [ 9 ]. The govern-

ent attaches great importance to DRR and has issued relevant poli-

ies. The National Comprehensive Disaster Prevention and Mitigation

lan announced in June 2022 presented a medium-term plan to 2025

nd a long-term plan to 2035 on various policies, including flood pro-

ection policy [ 10 ]. The plan also aims at promoting the United Na-

ions’ 2030 Agenda for Sustainable Development (2030 Agenda) and

he Sendai Framework for DRR. 

While existing research has highlighted the effectiveness of flood

rotection investments in reducing damage in PRC [ 11 , 12 ], there is

imited understanding of the factors that influence changes in invest-

ent levels over time. This study aims to address this gap by examining

he drivers behind increases and decreases in flood protection invest-

ent from 1980 to 2020. By analyzing data on flood protection expen-

itures, economic losses from floods, and other relevant indicators, the
iwatari) . 
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Table 1 

Disaster risk reduction and flood protection policies. 

Low and Policy Disasters and Events 

1987 United Nations designated 1990–2000 as International 

Decade for Natural Disaster Reduction 

1988 Water Law [Shui fa] (amendment 2002, 2009, 2016), 

1988, Regulations on River Management [Hedao guanli tiaoli] 

1989 China National Committee for the International Decade for 

Natural Disaster Reduction (CCIDNDR) (rename at 2000, 2005) 

1991 Water and Soil Conservation Law [Shuitu baochi fa] (amendment 2010) 

1991 Flood Control Regulation [Fangxun tiaoli] (amendment 2005, 2011) 

1992 “Agenda 21 ″ adopted at United Nations Conference on 

Environment and Development, Earth Summit. 

1998 Disaster Reduction Plan of the PRC (1998–2010) [Zhonghua renmin gongheguo jianzai gui hua 

(1998 —2010)] (1994 started preparation, 1996 drafting) 

1994 China’s Agenda 21 

1998 Yangtze River flood 

1998 Flood Control law [Fanghong fa] (1997 promulgated, amendment 2009, 2015, 2016) 

2000 Meteorology Law [Qixiang fa] (1999 promulgated, amendment 2009. 2014, 2016), 

2007 The National 11th Five-year Plan on Comprehensive Disaster Reduction [Guojia zonghe jianzai 

“shiyiwu ” gui hua] (2007–2010) 

2008 Major earthquake in Wenchuan, Sichuan Province 

2009 China’s Actions for Disaster Prevention and Reduction, White paper [Zhongguo de jianzai xingdong, 

baipishu] 

2010 Regulation on the Defense against Meteorological Disasters [Qixiang zaihai fangyu tiaoli] 

(amendment 2017) 

2010 Decision on Accelerating Water Conservancy Reform and Development [Guanyu jiakuai shuili gaige 

fazhan de jueding] (The No.1 central document of 2011 of the CPC Central and the State Council [2011 

nian zhongyang 1hao wenjian]) 

2011 The National Comprehensive Disaster Prevention and Mitigation Plan 12th Five-year Plan 

(2011–2015) [Guojia zonghe fangzai jianzai shierwu guihua (2011–2015)] 

2016 The National Comprehensive Disaster Prevention and Mitigation Plan 13th Five-year Plan 

(2016–2020) [Guojia zonghe fangzai jianzai shisanwu guihua (2016–2020)] 

2021 extreme rainstorm and flood disaster in Zhengzhou, Henan 

Province 

2022 National Comprehensive Disaster Prevention and Mitigation Plan 14th Five-year Plan (2021–2025) 

[Guojia zonghe fangzai jianzai shisiwu guihua (2021–2025)] 

2023 In-depth study and implementation of Xi Jinping’s important exposition on water control [Shenru 

xuexi Guanche xijinping guanyu zhishui de zhongyao lunshu]. 
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tudy evaluates the relationship between investment and disaster im-

acts through the lens of the flood protection investment cycle model

roposed by Ishiwatari and Sasaki [ 13 ]. 

Analyzing PRC’s policies can provide valuable insights for other de-

eloping countries facing disasters. PRC is classified as an upper-middle

ncome country by the World Bank. The findings can inform policy dis-

ussions and aid in the development of robust financing mechanisms

nd policy frameworks for enhancing resilience to flood disasters. 

. Flood protection in PRC 

.1. Disasters and changes in flood protection policy 

PRC is prone to various natural disasters and has repeatedly suffered

rom large-scale floods, such as the Banqiao Dam failure in 1975 and

he Yangtze River basin floods in 1998. More recently, a major flood in

enan Province in July 2021 has received considerable attention. 

PRC’s flood protection policy has undergone various changes since

ts establishment in 1949 ( Table 1 ). The Ministry of Water Resources and

arious departments and agencies related to water resources were estab-

ished in the central government in 1949. Since then, the country has

xperienced the Great Leap Forward and the Cultural Revolution. Since

he reform and opening-up policy in December 1978, water resources

olicy has entered a new phase. In 1987, the United Nations General

ssembly proclaimed 1990–2000 as the International Decade for Nat-

ral Disaster Reduction [ 14 ]. In response, PRC established the China

ational Committee for the International Decade for Natural Disaster

eduction (CCIDNDR) in 1989 and began to implement DRR activities

 15 ]. When Agenda 21 was adopted at the United Nations Conference

n Environment and Development, also known as the Earth Summit, in

992, the government announced China’s Agenda 21 in 1994. This in-

ernational advocacy prompted the country to improve its laws and sys-
116
ems related to DRR. Specifically, the following laws and policies were

nacted: The Water Law in 1988; the Water and Soil Conservation Law

n 1991; the Flood Control Law; and the "Law on Protection Against and

itigation of Earthquake Disasters" in 1998. In 1998, the "Disaster Re-

uction Plan of the PRC (1998–2010)", a medium- to long-term disaster

eduction plan, was formulated under the leadership of the CCIDNDR

 16 ]. In addition, the National Disaster Reduction Commission and the

inistry of Civil Affairs designated May 12 as Disaster Prevention and

eduction Day to commemorate the Wenchuan earthquake in Sichuan

n 2008. On this day, disaster management training and commemoration

eremonies for the Sichuan earthquake are held to raise DRR awareness

hroughout the country. 

.2. Relationship between flood disaster and flood protection investment 

Existing research and government reports suggest that investment in

ood protection can reduce flood damage in PRC. The country has for-

ulated flood protection policies after flood disasters. However, there

s a limited number of studies that have examined the factors that lead

o increased or decreased investment in flood protection. 

As a result of the government’s series of structural and non-structural

olicies, the number of deaths, economic losses, and flood damage ar-

as have been significantly reduced in the past 20 to 30 years [ 17 , 18 ].

ecognizing the importance of DRR, PRC has invested in flood-prone ar-

as and built capacity in structural measures, recovery, early warning,

nd emergency response [ 19 ]. Guo et al. [ 11 ] analyzed the relationship

etween water resources investment and damage reduction using data

rom 1990 to 2011 and found that investment is effective in reducing

rought and flood damage across the country. In addition, the northeast-

rn region of China is more resilient to flooding than the southeastern

egion. Flood protection investment in the northeast region is higher

hile economic growth is lower in the northeast region [ 12 ]. There is
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Table 2 

Data sources. 

China Water Statistical 

Yearbook [ 24 ] 

Flood protection investment: 1980–2020 

Amount of damage (Direct economic loss): 1990–2020 

Number of deaths: 1980–2020 

Damaged-Area: 1980–2018 (no data from 2019 to 

2020) 

Disaster-affected Area: 1980–2020 

China Water Yearbook 

[ 25 ] 

Central government expenditure: 1980–2020, 

Local government expenditure: 1980–2020, 

Gross Domestic Products: 1980–2020 
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lso a tendency for flood protection measures to be particularly effec-

ive in the eastern part of the country [ 11 , 12 ]. At the city level, policies,

ystems, and resource allocation can have an impact on urban resilience

 20 ]. 

The objectives of flood protection policy are changing over time due

o the country’s economic and social development. According to Wang

 21 ], significant turning points in water conservation were in 1998 and

011. In 1998, the country experienced large-scale floods, especially the

angtze River flood, which caused significant damage. PRC shifted from

raditional flood protection policies to modern ones. In 2011, the No. 1

entral Document emphasized the need to accelerate the modernization

f water conservation. 

The amount of flood protection investment is changed by the pol-

cy and financial system. The investment expenditure can be divided

nto three periods [ 22 ]. The first period, from 1949 to 1979, saw sig-

ificant investment in flood protection, with investment accounting for

ore than 5 % of national expenditure. The second period, from 1980

o 1991, saw a decline in investment to 2.8 % due to a change in fiscal

olicy towards decentralization. The third period, after 1992, saw an

ncrease in investment to 4.2 % due to the promotion of infrastructure

onstruction by the central government. 

. Research methods and data 

.1. Investment cycle model of flood protection 

Ishiwatari and Sasaki [ 13 ] developed an investment cycle model for

ood protection, that elucidates the cyclical patterns in flood manage-

ent investments and their outcomes. Drawing parallels with business

ycle theory —which describes periodic fluctuations in corporate facil-

ty durability and capital investment timing —they conceptualized a dy-

amic framework to analyze the relationship between flood protection

udgets and flood damage patterns.( Fig. 1 ). 

Their model identifies a cyclical four-phase progression: 

i. Initial Phase: Characterized by escalating flood damage, often due

to aging infrastructure or changing environmental conditions 

ii. Response Phase: Marked by increased investment in flood protection

infrastructure, directly catalyzed by significant flood events 

ii. Mitigation Phase: Distinguished by a reduction in flood damage, at-

tributable to the implementation of enhanced protection measures 

v. Deceleration Phase: Exhibits declining investment levels, typically

due to reduced perceived risk and competing budget priorities 

This cyclic pattern continuously repeats, creating a feedback loop

etween damage events and protective investments. The model provides

 theoretical framework for understanding the temporal dynamics of

ood protection investment decisions and their consequences. 

Their study examined the relationship between flood damage and

ood protection investment in major Asian economies. It was found that

overnment budgets for flood protection increased in response to major
Fig. 1. The cycle of flood damage and investment. 

Source: Ishiwatari and Sasaki [ 9 ]. 

117
ood disasters, but then decreased due to their unsustainable nature.

shiwatari and Sasaki [ 23 ] evaluated the flood protection investment

ycle in Japan over a period of about 150 years and identified five cycles.

apan established funding mechanisms in response to the major flood

isasters. In addition, the research shows that external shocks such as

ar, economic recession, disasters, and tight government finances have

ignificantly affected flood protection investments. 

This study evaluates the relationship between flood damage and

ood protection investment in PRC by applying the flood protection

nvestment cycle and examines the factors that influence the increase or

ecrease in investment. 

.2. Data source 

This study analyzes the ratio of flood protection investment and eco-

omic losses to GDP. The Sendai Framework for DRR also uses the ratio

f economic losses to GDP as an indicator. The data sources are statistics

ublished by the Ministry of Water Resources and the National Bureau

f Statistics of China ( Table 2 ). 

Since data on economic is available only since 1990, this study

ainly analyzes the period 1990–2020 with reference to other data

or the period 1980–1990. The affected and affected areas may contain

ome bias due to the difficulty of interpreting the data. 

. Results 

.1. Relationship between disaster and investment 

This subsection examines the overall trends in disaster damage and

nvestment in flood protection in PRC. Investment in flood protection

emained low until 1997 but started to increase in 1998 ( Figs. 2(a) - (f) ).

t peaked once in 2002, followed a downward trend until 2008, and

ncreased again since 2008. Similar trends can be observed in the ratio

f flood protection investments to government expenditure (Figure 2(b))

nd in the ratio of investments to GDP ( Fig. 2(c) ). 
Fig. 2(a). Investment in flood protection. 
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Fig. 2(b). Investment in flood protection to government expenditure ratio. 

Fig. 2(c). Investment in flood protection to GDP ratio. 

Fig. 2(d). Direct economic losses. 

Fig. 2(e). Direct economic losses to GDP ratio. 

Fig. 2(f). Fatalities. 

Fig. 2(g). Flood disaster-affected area and damaged area. 

 

f  

h  

(  

o  

T  

i  

(

 

e  

b  

e  

i  

 

fi  

a  

1  

f  

a  

a  

r  

i  

o

 

p  

d  

t

118
Economic losses due to floods ( Fig. 2(d) ) were high in two periods:

rom the mid to late 1990s and after 2010. However, the ratio to GDP

as been low for about 20 years since 1999, with a downward trend

 Fig. 2(e) ). The number of deaths caused by floods has been decreasing

verall, except for fluctuations in the mid-1990s and in 2010 ( Fig. 2(f) ).

he damaged area and the disaster-affected area did not change signif-

cantly between 1980 and 1990 but increased between 1991 and 1998

 Fig. 2(g) ). Since 2003, the overall trend has been downward. 

Comparing flood protection investment and central and local gov-

rnment expenditure, the turning points of increase and decrease can

e identified in the same period. Central and provincial government

xpenditure increases from 1997 to 2002, then levels off and starts to

ncrease again in 2008. It then levels off again around 2012 ( Fig. 2(h) ).

In order to compare these figures, the data are shown with adjusted

gures in Fig. 3 . Economic losses, disaster-affected area, and damaged

rea show similar trends. The scale of damage was relatively small in the

980s, increased in the 1990s, and decreased thereafter. The number of

atalities shows an overall decreasing trend from 1980 to 2020, with

 similar fluctuation to the economic losses and the disaster-affected

rea. Flood protection expenditure as a percentage of GDP increased

apidly from 1997, reaching a peak of 0.36% in 2002. After a decline,

t increased rapidly again from 2008 and has been stable at a level of

ver 0.2% since 2012. 

Although there is a time lag of several years, the model of the flood

rotection investment cycle can be applied as investment increases after

amage increases. However, further analysis of other factors is needed

o examine the increase and decrease of investment. 
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Fig. 2(h). Government expenditure. 

Fig. 3. Investment and flood damages. 

4

 

a  

t  

l  

fi  

t  

2

F

l

Fig. 5. Flood protection investment and economic losses: 1990–1997. 
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.2. Analysis based on flood protection and investment cycle 

This subsection examines the relationship between economic losses

nd flood protection investments. Fig. 4 shows the relationship between

he ratio of flood protection investment to GDP and the ratio of economic

osses to GDP. The data for 1990–2020 are divided into the following

ve periods based on the point of increase and decrease of flood protec-

ion investment: (i) 1990–1997, (ii) 1997–2002, (iii) 2002–2008, (iv)

008–2012, and (v) 2012–2020. 
ig. 4. The relationship between flood protection investment and economic 

osses: 1990–2020. 
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.2.1. 1990–1997: low level of investment despite economic losses 

During the period 1990–1997, economic losses was high, ranging

rom 1.3 to 3.7% of GDP, with more than 3% in 1991, 1994 and 1996.

n the other hand, investment in flood protection remained below 0.1%

f GDP regardless of changes in economic losses. The overall fiscal bal-

nce and the ratio of central government expenditure to GDP continued

o decline from the 1980s to 1996 ( Fig. 5 ). In 1994, the Chinese gov-

rnment launched a major reform of central-local fiscal relations, re-

lacing the previous revenue-sharing system with a tax-sharing system

"fen-shui-zhi"), ultimately aimed at curbing fiscal decline. The fiscal

ecline including budgets of flood protection had resulted from the rev-

nue sharing system in place until 1993 [ 26 ]. 

.2.2. 1997–2002: increased investment, reduced economic loss 

Investment in flood protection remained less than 0.1% of GDP until

997, but increased rapidly from 1998, reaching 0.36% of GDP in 2002.

ne of the reasons for this is the 1998 Yangtze River Basin Flood, which

aused historic damage with an economic loss of about 3% of GDP and

 very large area of damage in that year. A series of floods, including

he Yangtze flood, caused historic damage. By the end of August 1998,

23 million people were affected, 3004 people died (including 1320

n the Yangtze River basin), 4.97 million houses were destroyed, and

conomic losses was 166.6 billion RMB, or 23.1 USD [ 27 ]. After the

ood, investment in flood protection started increasing in the same year

o improve DRR capacity. The central government invested 241.1 billion

MB, or 33.3 billion USD in flood protection and soil conservation from

998 to 2004, of which 160.7 billion RMB, or 22.2 billion USD was

nvested in flood protection, accounting for 67% of the total investment

 28 ]. 

The country strengthened its flood protection policy by developing

aws and policies, including the "Disaster Mitigation Regulations of PRC

1998–2010)" in 1998 and the "Flood Control Law" in 1998. The gov-

rnment strengthened the prevention of excessive deforestation, which

ncreased flood damage [ 29 ]. Another important factor is the improved

scal situation of the government. The ratio of government revenues

o GDP was on a declining trend until the mid-1990s but began to in-

rease after 1997 due to the 1994 fiscal reform. This made it financially

ossible to increase investment in flood protection ( Fig. 6 ). 

.2.3. 2002–2008: declining investment, low economic loss 

Investment in flood protection peaked at 0.36 % of GDP in 2002 and

eclined to about 0.11% in 2008. Economic losses remained below 1 %

ince 2000 and decreased further to about 0.3 % in 2008 ( Fig. 7 ). In-

estment did not increase due to the low level of economic loss. During

his period, total central and local government spending as a percent-

ge of GDP was flat, and there was a slight downward trend in central

overnment spending as flood protection investment declined. 
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Fig. 6. Flood protection investment and economic losses: 1997–2002. 

Fig. 7. Flood protection investment and economic loss: 2002–2008. 

Fig. 8. Flood protection investment and economic losses: 2008–2012. 
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Fig. 9. Flood protection investment and economic loss: 2012–2020. 
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.2.4. 2008–2012: increased investment again 

Investment in flood protection increased again from 2008, while eco-

omic losses remained below 0.9%, lower than in the 1990s ( Fig. 8 ).

everal factors drove the increase in investment. The 2008 Wenchuan

arthquake, which measured 8.0 on the Richter scale, killed 69,226 peo-

le, injured 374,643, and left 17,923 missing [ 30 ]. The country desig-

ated May 12, the date of the great earthquake, as "Disaster Prevention

nd Mitigation Day" to raise awareness of disaster risk reduction. The

udget increase was supported by financial policies. The government
120
mplemented a fiscal stimulus package of RMB 4 trillion, or 0.55 billion

SD in the aftermath of the 2008 global financial crisis. 

The year 2011 marked a milestone in flood protection. As the No.1

entral document, the Central and State Councils of the Communist

arty of China jointly issued the "Decision on Accelerating the Reform

nd Development of Water Conservancy"[ 31 ]. The No.1 Central Doc-

ment, which is issued annually from December 31 to early January,

s the most important policy document of the year. The document set

he goal of building flood and drought protection and relief systems by

020 and improving the flood and drought protection capacity of ma-

or cities and regions. The document also set the goal of doubling water

esources investment from 2 trillion RMB, 0.23 billion USD, in 2010 to

MB 4 trillion, 0.55 billion USD in the next 10 years (2011–2020). 

.2.5. 2012–2020: maintaining high levels of investment despite low 

conomic loss 

During this period, economic losses remain low at 0.18–0.53 % of

DP, while investment remains relatively high at 0.21–0.27 % of GDP

 Fig. 9 ). This is because the No. 1 Central Document of 2011 is effective

ntil 2020. Second, the Xi Jinping administration has prioritized water

esources and flood protection. As summarized in the State President’s

iscussion, PRC is currently paying great attention to flood protection

 32 ]. 

. Discussion 

The analysis of flood protection investment and flood damage in PRC

rom 1980 to 2020 reveals several key insights into the dynamics of DRR

olicies and their implementation. PRC has made significant progress in

educing flood damage over the past few decades, with economic losses

eclining from over 1 % of GDP until 1999 to less than 0.6 % from 2012

nward. This can be attributed to increased investment in flood protec-

ion, which rose from less than 0.1 % of GDP until 1997 to over 0.2 %

f GDP from 2012 onward. The changes in flood protection investment

n PRC have been driven by three main factors: the occurrence of major

isasters, the country’s fiscal situation, and shifts in government policies

nd priorities related to DRR ( Fig. 10 , Table 3 ). 

The study’s findings largely support the flood protection investment

ycle model proposed by Ishiwatari and Sasaki [ 13 ]. The data demon-

trates a cyclical pattern in flood protection investments, with periods

f increased investment following major flood events, followed by peri-

ds of decreased investment as the perceived risk diminishes. The 1998

angtze River Basin Flood and the 2008 Wenchuan earthquake both

riggered significant policy responses and increases in flood protection

nvestment. These events served as catalysts for the development of new

aws, regulations, and investment strategies, demonstrating the reactive

ature of DRR policymaking. The country formulated Flood Control Law
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Fig. 10. Factors affecting flood protection investment. 

Table 3 

Factors affecting investment for each period. 

Budget Increase Budget Decrease 

1990–1997 Fiscal income declines before 1994 

Low economic losses in the 1980s 

1997–2002 Great Yangtze River Basin Flood 

Economic losses increased in the 1990s 

Fiscal reform of 1994 

Relevant legal and policies 

2002–2008 Flat fiscal situation (a little decrease in the central government) 

Low economic losses in the 2000s 

2008–2012 Frequent floods in 2010 

Fiscal policy and increased government expenditure to respond to the 2008 

global financial crisis 

Measures against disasters after the 2008 Wenchuan Earthquake 

No.1 Central document of 2011 

2012–2020 Leader’s attention for water resources management 
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n 1998, and the Central and State Councils of the Communist Party of

hina issued the influential policy of "Decision on Accelerating the Re-

orm and Development of Water Conservancy" in 2011 [ 31 ]. 

The cycle appears to have some unique characteristics. The research

eveals a strong correlation between PRC’s overall economic and fis-

al situation and its capacity to invest in flood protection. Investment

as limited to less than 0.1 % of GDP until 1997 due to a tight fiscal

ituation. The fiscal reforms of 1994 and the improved economic condi-

ions in the late 1990s and 2000s enabled increased investment in flood

rotection to over 0.1 % of GDP from 1998. This underscores the impor-

ance of economic stability and fiscal capacity in supporting sustained

RR efforts. 

The applied cyclical model can explain factors of not only increasing

udgets but also decreasing budgets even under economic growth. This

s different from previous studies. The model developed by Zhang et al.

 12 ] can explain only a direction that economic and financial improve-

ent can strengthen flood resilience. 

The study highlights the significance of political will and long-term

lanning in sustaining DRR investments. The inclusion of water re-

ources and flood protection in China’s No. 1 Central Document in 2011,

etting a 10-year investment target, demonstrates a commitment to long-

erm DRR strategies. This approach has allowed for sustained high levels

f investment, even in the absence of major flood events. The mainte-

ance of high investment levels since 2012, despite low economic losses

rom floods, indicates a shift towards more proactive DRR strategies.

his approach aligns with global trends in DRR, as outlined in the Sendai

ramework, which emphasizes the importance of investing in disaster

revention and mitigation rather than solely focusing on post-disaster

esponse. 

While the study primarily focuses on the drivers of investment rather

han its outcomes, the decreasing trend in economic losses relative to

DP and the reduction in flood-related fatalities suggest that the in-

reased investments have been effective in reducing flood impacts. The

ortheast region is stronger resilience to flooding than the southwest

egion because of higher investment in flood protection as a proportion
121
f fiscal expenditure [ 12 ]. Further research is needed to quantify the

irect relationship between investment and damage reduction. 

Maintaining adequate investment in flood protection will remain a

hallenge, as the risks posed by climate change and ongoing economic

evelopment activities, such as deforestation, urbanization, and the

egradation of wetlands and lakes, are likely to increase the frequency

nd severity of flood events [ 33 , 34 ]. The government’s plan to improve

RR capabilities following the 2021 flooding in Henan Province under-

cores the importance of continued efforts in this area [ 9 ]. China has

roken the cycle of disaster reduction, with low damage and stable in-

estment. However, as climate and social conditions worsen, the dam-

ge could increase, requiring more investment and repeating the cycle

f investment in flood protection and damage. 

PRC’s experience offers valuable lessons for other developing coun-

ries facing similar challenges in DRR. The importance of establishing

obust funding mechanisms, the need for long-term planning and polit-

cal commitment, and the benefits of shifting from reactive to proactive

RR strategies are all key takeaways that could inform policymaking in

ther contexts. However, in applying these lessons to other countries, it

s important to keep in mind that China has had high continuous eco-

omic growth and fiscal capacity to invest. 

This study primarily focused on economic indicators and broad pol-

cy changes. Future research could benefit from a more granular analy-

is of specific flood protection measures implemented, their costs, and

heir effectiveness. Additionally, investigating the spatial distribution of

nvestments and their impacts across different regions of PRC could pro-

ide further insights into the equity and efficiency of flood protection

trategies. 

. Conclusion 

PRC has successfully reduced the damage caused by floods over the

ast few decades through increasing investment in flood protection mea-

ures. This study demonstrates that while the flood protection invest-

ent cycle model provides a useful framework for understanding PRC’s
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RR efforts, the country’s unique economic, political, and policy con-

exts have shaped a distinctive approach to flood protection investment.

In recent years, PRC has maintained a high level of investment in

ood protection despite relatively low economic losses as a percentage

f GDP. This suggests that the country has established a sustainable fi-

ancing mechanism for flood protection, supported by strong leadership

nd legislative frameworks. The commitment to prioritizing flood pro-

ection, as exemplified by initiatives such as the 2011 No. 1 Central

ocument and the continued emphasis by leaders on water resources

anagement, has played a crucial role in sustaining investment. The

ountry was able to move away from a cyclical model in which finan-

ial constraints and fluctuating disaster losses led to reduced budgets

or flood protection. This is an important lesson for policymakers seek-

ng to establish sustainable budgeting mechanisms for protecting against

oods. 

PRC’s experience demonstrates that reducing flood damage is an

chievable goal for developing countries, provided there is a long-term

ommitment to investment, policy formulation, and the implementa-

ion of a comprehensive DRR approach. The shift towards sustained,

roactive investment strategies represent a promising development in

RR policy that merits further study and potential emulation in other

eveloping countries. By drawing lessons from PRC’s successes and chal-

enges, other nations can better position themselves to mitigate the risks

osed by floods and other disasters, safeguarding lives, livelihoods, and

conomic development. 

elevance to resilience 

Investing in infrastructure is crucial for strengthening resilience to

atural disasters. This study identifies the key drivers behind flood pro-

ection investment changes in the People’s Republic of China (PRC) from

980 to 2020. The analysis shows that the PRC successfully reduced

ood damage through increased investment driven by three factors: ma-

or disasters, fiscal conditions, and government policy shifts. Investment

ose after events like the 1998 Yangtze River flood, while fiscal reforms

nabled sustained spending despite initial constraints. The PRC’s experi-

nce in reducing flood damage through sustained investment and policy

ommitment provides valuable lessons for other developing countries

orking to enhance their disaster resilience. 
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