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Listed fisheries companies depend heavily on natural conditions, leaving their operations 
particularly exposed to climate change. Using Chinese listed fisheries companies as the 
research sample, this study examines the effect of regional climate risk on operating cash 
flow and investigates potential mitigating mechanisms. The results show that regional 
climate risk significantly reduces operating cash flow. Further analysis indicates that 
extreme heat, cold, rainfall, and drought all weaken corporate cash flow, demonstrating 
the multidimensional nature of climate exposure in fisheries. Government subsidies and 
stronger internal governance mitigate these adverse effects and therefore serve as 
important buffers against climate shocks. By documenting the cash-flow consequences of 
climate risk, this study provides new firm-level evidence on how environmental shocks 
affect fisheries operations and offers practical implications for strengthening climate 
resilience in the sector. 

1. INTRODUCTION 

Climate change is reshaping the natural environment on 
which fisheries depend. Unlike many other industries, fish
eries production is intrinsically tied to water temperature 
and quality, precipitation, ocean currents, and aquatic bio
logical resources. Global warming and extreme weather can 
alter the distribution of fishery resources and the viability 
of biological assets, and disrupt fishing, aquaculture, pro
cessing, and transportation. Evidence from different coun
tries and regions shows that climate risk already has ma
terial effects on fisheries production. Ocean warming and 
extreme temperatures affect the growth, reproduction, and 
survival of aquatic organisms.1,2 Abnormal precipitation, 
flooding, and strong winds can degrade water quality, dam
age aquaculture facilities, and interrupt fishing opera
tions.3 Changes in light intensity and photoperiod may also 
influence fish feeding and growth,4 increasing the volatility 
and uncertainty of fisheries output. 

As important organizational entities in the aquatic in
dustry chain, listed fisheries companies not only undertake 
key supply chain links such as aquaculture, fishing, pro
cessing, and sales but also play a key role in promoting 
large-scale development, resource integration, and indus
trial upgrading of the aquatic industry. It is worth noting 

that climate risks may further affect the operating perfor
mance and financial status of fishery enterprises by affect
ing the supply of fishery resources, production efficiency, 
and operating costs. At the same time, some listed fisheries 
companies have long faced problems such as fluctuating 
profitability, insufficient operational stability, and pressure 
on capital turnover. Weak financial resilience may further 
amplify the adverse effects of climate shocks. Therefore, 
identifying the impact of climate risks on listed fisheries 
companies from the enterprise level is of great significance 
for understanding the microeconomic consequences of cli
mate change. 

Cash flow is essential for maintaining operations, ab
sorbing external shocks, and sustaining long-term develop
ment. For fisheries companies, stable operating cash flow 
supports routine fishing, aquaculture, processing, and 
other production activities, while providing a buffer against 
environmental uncertainty and supply-chain disruptions. 
This raises two practical questions: Does climate risk affect 
the cash flows of listed fisheries companies? If so, which 
mechanisms can mitigate that effect? 

This study addresses these questions by examining listed 
fisheries companies in China. It contributes to the liter
ature in three respects. First, whereas most research on 
climate risk and fisheries focuses on ecosystems, fishery 
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resources, or industry output, this study documents firm-
level financial consequences. Second, unlike studies em
phasizing profitability, financing costs, or cash holdings, it 
focuses on operating cash flow and thus captures firms’ in
ternal cash-generating capacity. Third, studying a climate-
sensitive, natural-resource-dependent industry deepens 
understanding of corporate climate vulnerability and pro
vides policy implications for strengthening firms’ capacity 
to respond to climate risk. 

2. LITERATURE REVIEW 

There are two types of literature related to the research 
topic of this study: one is the impact of climate change on 
fisheries and agriculture. Existing research has systemat
ically examined the impact of climate risks on the aqua
culture industry. Climate warming, ocean acidification, ex
treme weather, and changes in hydrological conditions will 
change the structure of marine ecosystems and the living 
environment of aquatic organisms, thereby affecting the 
distribution of fishery resources, fishing potential, and 
aquaculture output. Cheung et al.5 found that rising seawa
ter temperatures will drive the migration of marine species 
to high latitudes and lead to the redistribution of global 
fishery fishing potential among different sea areas; Free 
et al.1 further showed that historical ocean warming has 
had a significant impact on the productivity of marine fish 
populations. In aquaculture, climate risks primarily operate 
through environmental conditions such as water tempera
ture, salinity, dissolved oxygen, and pH. They may not only 
reduce the growth and survival rates of cultured organisms 
but also increase the probability of disease occurrence and 
the risk of damage to aquaculture facilities.6,7 In recent 
years, scholars have increasingly emphasized the disruptive 
effects of extreme weather events on broader agricultural 
and food supply chains. The warming climate and asso
ciated extremes significantly undermine agricultural pro
ductivity, thereby cascading through the entire food supply 
chain and necessitating urgent mitigation strategies.8 Ex
treme weather events directly threaten supply chain conti
nuity by disrupting logistics, causing delays, and exacerbat
ing price volatility in agricultural markets.9 Consequently, 
building resilience in agricultural supply chains has become 
paramount for practitioners to withstand climate-induced 
shocks.10 At the same time, climate shocks may also push 
up production costs through feed supply, energy consump
tion, transportation conditions, and investments in epi
demic prevention. Therefore, the impact of climate risks on 
the aquaculture industry is not limited to a decrease in pro
duction, but may also be further manifested in changes in 
product structure, increases in operating costs, expansion 
of income fluctuations, and damage to industry profits.11,12 

Second, in the field of corporate finance, existing studies 
have mainly examined the economic consequences of cli
mate risks in terms of operating performance, cash flows, 
financing costs, cash holdings, and capital market pricing. 
Physical climate risks such as abnormal high temperatures, 
floods, and storms will disrupt corporate production and 
operations, reduce labor productivity and sales revenue, 

and increase expenditures on facility repairs, energy con
sumption, and raw material procurement, ultimately weak
ening corporate profitability.13,14 From a cash flow per
spective, climate risks may, on the one hand, reduce cash 
inflows from operating activities through production re
ductions, production suspensions, reduced product quality, 
and delayed delivery. On the other hand, climate risks may 
increase cash outflows for expenditures such as disaster 
prevention, insurance, equipment modifications, and post-
disaster recovery, thereby reducing the company’s internal 
cash-generation capabilities and exacerbating cash-flow 
fluctuations. Faced with rising uncertainty about future 
cash flows, companies tend to increase cash reserves for 
precautionary reasons. Javadi et al.15 and Gounopoulos and 
Zhang16 both found that higher climate risk exposure 
prompts companies to increase their cash holdings. In ad
dition, climate risks will increase bank loan spreads and ex
ternal financing costs17 and enter capital market pricing by 
affecting investors’ judgments about future cash flows and 
tail risks.18,19 Beyond general enterprises, the financial per
formance of fisheries and aquaculture companies is partic
ularly sensitive to these climate shocks. Recent empirical 
work demonstrates that physical climate risks—such as 
changing water temperatures and extreme weather—di
rectly compromise the financial stability of aquaculture en
terprises, prompting heightened investor demand for com
prehensive climate-related financial disclosures to evaluate 
associated economic damages and operational risks.20 

In general, existing studies have revealed the impact of 
climate risks on fishery production activities and corpo
rate financial status, respectively, but the former are mostly 
based on the ecosystem, fishery resources, and industry 
output levels, while the latter mainly focus on the financial 
consequences of general enterprises, and have not fully ex
amined how climate shocks are transmitted to the cash 
flow of fishery companies. Since the production activities of 
fishery enterprises are highly dependent on the natural en
vironment, their operations are more sensitive to climate 
change. Therefore, it is necessary to further examine the 
impact of climate risks on the cash flow of fishery enter
prises from a micro-enterprise perspective. In view of this, 
this study systematically examines the impact of climate 
risks on the cash flows of listed fisheries companies. 

3. THEORETICAL ANALYSIS AND RESEARCH 
HYPOTHESIS 

According to the enterprise production theory, enterprises 
determine product output by allocating production factors 
and achieve cash flow accumulation through the difference 
between product sales revenue and production and oper
ating expenses. However, the production objects of fishery 
enterprises are mainly biological assets such as fish and 
shellfish. Their output depends not only on capital, labor, 
and technological inputs, but also highly depends on water 
temperature, water quality, precipitation, ocean currents, 
and marine ecological environment. Since biological assets 
have a fixed growth cycle and fishing resources and aqua
culture environments are difficult for enterprises to control 
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independently in the short term, climate conditions consti
tute an important exogenous constraint on the production 
and operations of fishery enterprises. Therefore, climate 
risks will fundamentally alter an enterprise’s production ca
pacity and further affect its cash-flow generation. 

The parameters have direct economic interpretations. R 
captures the probability or intensity of an adverse climate 
state; Qn and Qb describe output under normal and adverse 
conditions; and Cn and Cb denote the corresponding oper
ating cash expenditures. In fisheries, Qb falls when heat, 
cold, rainfall, drought, or storms reduce survival, growth, 
fishing days, or facility availability. At the same time, Cb 
rises because firms must spend more on aeration, water 
exchange, disease control, repairs, insurance, energy, and 
post-disaster recovery. For example, a heatwave can reduce 
dissolved oxygen while increasing aeration and disease-
prevention expenditure, making CFb < CFn economically 
transparent rather than merely algebraic. 

In order to describe the above process, it is assumed 
that fishery enterprises may be in two situations: normal 
climate state and adverse climate state. R represents the 
probability that an enterprise faces adverse climate con
ditions. The larger R is, the higher the climate risk the 
enterprise faces. Suppose the enterprise’s product output 
under normal climate conditions is Qn, and the product 
output under adverse climate conditions is Qb. Because fac
tors such as abnormal high temperatures, typhoons, floods, 
and ocean acidification may cause the migration of fishery 
resources, the death of cultured organisms, an increase 
in diseases, and the interruption of production activities, 
there are: 

The expected output of the company is: 

Find the partial derivative of climate risk R: 

It can be seen that increasing climate risks will reduce the 
expected output of fishing enterprises. As shown in Figure 
1, when the input of production factors is certain, the out
put level of enterprises under adverse climate conditions is 
lower than that under normal climate conditions, which is 
reflected in the downward shift of the input-output rela
tionship of fishery enterprises. 

Figure 1. Input–output relationship under climate risk      

For fishing enterprises, climate change may lead to the 
migration of fish stocks, the reduction of suitable fishing 
grounds, and reduced effective operating time; for aqua
culture enterprises, abnormal water temperatures, changes 
in water quality, and the spread of diseases may reduce 
the survival and growth rates of aquatic organisms. Since 
fishery production is subject to strong biological-cycle con
straints, it is difficult for companies to fully offset produc
tion losses from climate shocks with short-term increases 
in investment. 

Further consideration is given to corporate cash flow. 
Assume that the sales price of aquatic products is P, the 
company’s operating cash expenditure under normal cli
mate conditions is Cn, and the operating cash expenditure 
under adverse weather conditions is Cb. Because climate 
shocks increase costs for disease control, facility mainte
nance, energy consumption, and disaster recovery: 

As shown in Figure 2, under the same output level, the 
operating costs of enterprises under adverse climate con
ditions are higher than those under normal climate con
ditions; that is, climate risks will push the enterprise cost-
output curve upward. 

Figure 2. Cost–output relationship under climate risk      

The operating cash flows formed by the enterprise in the 
two states are: 

because: 

therefore: 

That is, adverse weather conditions will reduce the com
pany’s ability to create operating cash. As shown in Figure 
3, the operating cash flow of enterprises under unfavorable 
climate conditions is lower than that under normal climate 
conditions, indicating that climate risks weaken enter
prises’ cash-flow-generating capacity through the dual 
channels of “production decline” and “cost increase”. 
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Figure 3. Cash flow–output relationship under climate      
risk  

Furthermore, the expected cash flow of the enterprise 
can be expressed as: 

Find the partial derivative of R 

because: 

therefore: 

The above results indicate that rising climate risks will re
duce the expected operating cash flow of listed fisheries 
companies. The reason is that, on the one hand, climate 
risks reduce the availability of fishery resources and aqua
culture production efficiency, causing corporate output to 
decline and reduce sales returns; on the other hand, climate 
risks increase cash expenditures such as production main
tenance, disaster prevention and mitigation, and post-dis
aster recovery, further weakening corporate cash creation 
capabilities. In addition, considering that fishery products 
have long production cycles, are perishable and have high 
storage costs, climate risks may also lead to extended pro
duction cycles, inventory backlogs and delays in the collec
tion of accounts receivable, further exacerbating corporate 
liquidity pressures. Although reduced supply may drive up 
prices of aquatic products, these price increases are not suf
ficient to offset cash flow losses from climate shocks be
cause individual companies lack market pricing power, and 
production losses and reduced product quality are difficult 
to fully compensate for through price adjustments. 

Based on this, the following hypotheses are put forward: 
H1: Climate risk significantly reduces the cash-flow level 

of listed fisheries companies. 

4. RESEARCH DESIGN AND EMPIRICAL RESULTS 

4.1. MODEL SPECIFICATION 

In order to test the impact of climate risks on the operating 
cash flow of listed aquatic companies, this study builds the 
following model: 

Among them, i and t represent the enterprise and year re
spectively; Cashflowi,t represents the operating cash flow of 
enterprise i in year t; ClimateRiski,t represents the climate 
risk faced by enterprise i in year t; Controlk,i,t Represents 
a series of enterprise-level control variables, including en
terprise size (Size), leverage (Lev), return on equity (ROE), 
enterprise growth (Growth), loss status (Loss), board size 
(Board), proportion of independent directors (Indep), and 
audit by the Big Four international accounting firms (Big4). 

In addition, μ⯑ represents enterprise fixed effects, 
which are used to control individual differences that do not 
change over time, such as enterprise resource endowments, 
business models, management characteristics, and main 
business structures; λt represents year fixed effects, which 
are used to control macroeconomic fluctuations, industrial 
policy adjustments, capital market environment changes, 
and other common impacts that change over time; εi,t is a 
random disturbance term, and standard errors are clustered 
and adjusted at the company level. 

4.2. SAMPLE SELECTION AND DATA SOURCES 

This study uses Shanghai- and Shenzhen-listed A-share 
companies in China’s aquatic industry chain from 2010 to 
2023 as the research objects. Considering that traditional 
industry classification may be difficult to completely cover 
the aquatic industry chain enterprises. Specifically. In addi
tion to companies directly engaged in aquaculture, marine 
fishing, and other production activities, listed companies 
whose main business is closely related to aquatic prod
uct processing, feed production, aquatic product trade, and 
other aquatic industry chain links will be included in the 
research scope to more comprehensively examine the im
pact of climate risks on the operating cash flow of aquatic 
industry-related enterprises. The financial data, corporate 
governance data, and audit agency information for listed 
companies are primarily sourced from the CSMAR data
base. For data that is missing or shows obvious discrep
ancies in the database, supplement it and verify it against 
the annual reports of listed companies and relevant public 
disclosure materials. The industry attributes of a company 
and whether it is a wide-caliber aquatic product company 
are mainly identified based on the industry classification of 
listed companies, the main business composition and the 
business description in the annual report. In terms of sam
ple processing, this study first retains the annual obser
vation values of enterprises belonging to a wide range of 
aquatic products companies from 2010 to 2023, and deletes 
samples with missing main research variables, and finally 
forms unbalanced panel data for empirical testing. 

This study selected 2010 as the starting year of the sam
ple interval, mainly for the following two reasons: first, the 
2008 global financial crisis had a profound systemic im
pact on the macro economy and capital markets, and its 
lag effect may last for several years. If the research start
ing point is set too early, it will be difficult to effectively 
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strip away the residual interference from the financial cri
sis on the cash flow of fishery-listed companies, thereby af
fecting the accuracy of identifying climate risk variables. 
Starting in 2010, it can largely avoid interference from this 
confounding factor. Secondly, after 2010, the financial re
porting disclosure system of Chinese fishery listed compa
nies has become more perfect, and the availability of key 
financial data, such as cash flow statements, has signifi
cantly improved. The continuity and completeness of data 
sequences have been guaranteed, providing a reliable data 
foundation for constructing long-term panel data. 

4.3. VARIABLE DEFINITIONS 

4.3.1. DEPENDENT VARIABLE 

The explained variable in this study is operating cash flow 
(Cashflow). Operating cash flow can reflect the company’s 
ability to obtain cash through daily production and operat
ing activities, and is an important indicator to measure the 
company’s business continuity, internal fund supply capa
bilities and short-term financial stability. 

Compared with accounting profits, operating cash flow 
is less affected by accrual adjustments and accounting pol
icy choices and can more directly reflect the actual cash in
flows and outflows generated by an enterprise’s production 
and operating activities. For aquatic enterprises, their pro
duction and operations are easily affected by factors such 
as water temperature, precipitation, typhoons, floods, dis
eases, and changes in the marine environment. Climate 
shocks may simultaneously cause production declines, 
aquaculture losses, rising raw material prices, transporta
tion obstructions, and damage to production facilities. Re
lated impacts will ultimately be reflected in changes in cash 
flow from operating activities. 

This article matches regional climate risk indicators with 
the registered business location of enterprises. This design 
can capture the external physical climate exposure faced by 
enterprises operating in the same region’s production, lo
gistics, and regulatory environment. This data is sourced 
from the CSMAR database. Previous research focusing on 
the corporate level has mostly constructed climate risk in
dices through management analysis and discussion. How
ever, this approach has two obvious shortcomings: first, 
MD&A texts essentially reflect management’s subjective 
perception and willingness to disclose climate risk, rather 
than the actual level of climate risk faced by the enterprise. 
In fact, management may deliberately downplay or exag
gerate climate risks for reasons such as reputation manage
ment, responsibility avoidance, or catering to ESG ratings. 
The second issue is that MD&A text indicators have obvi
ous endogeneity problems, that is, the climate risk disclo
sure behavior of enterprises may be influenced by factors 
such as their financial status and governance level. There
fore, this article adopts a regional-level climate risk index 
to avoid disclosure bias and estimation bias of reverse 
causality. 

Specifically, this study uses the net cash flow generated 
by the company’s operating activities, normalized by total 
assets, to measure operating cash flow. The larger the value 

of this indicator, the stronger the company’s ability to gen
erate cash from its core business activities; conversely, a 
lower value indicates a relatively weak ability to generate 
cash from operating activities. 

4.3.2. CONTROL VARIABLES 

In order to alleviate the interference of differences in cor
porate characteristics on operating cash flow as much as 
possible, this study refers to relevant research in the field of 
corporate cash flow and the economic consequences of cli
mate risks, and selects control variables from aspects such 
as corporate size, capital structure, profitability, growth, 
loss status, corporate governance and external audit. In ad
dition, to mitigate time-invariant perturbations in individ
ual characteristics and potential common shocks within the 
same period, we control for firm and year fixed effects. See 
Table 1 for variable definitions. 

4.4. DESCRIPTIVE STATISTICS 

Table 2 reports the descriptive statistics for the variables 
in model (1). The mean value of cash flow (Cashflow) is 
0.0585, and the standard deviation is 0.0644, indicating 
that the sample enterprises maintain positive operating 
cash flow overall, though there are differences across enter
prises. The mean value of the climate risk index is 45.7459, 
the standard deviation is 8.2362, and the minimum and 
maximum values are 25.8066 and 84.3409, respectively, in
dicating that there are obvious differences in climate risk 
levels between different regions, which provides a good 
sample basis for this study to study the economic conse
quences of climate risks. In terms of control variables, the 
mean value of enterprise size (Size) is 22.5700, and the 
mean value of leverage (Lev) is 0.4617, indicating that the 
sample enterprise as a whole has a certain scale and debt 
level; the standard deviation of return on equity (ROE) and 
growth (Growth) is large, indicating that there is great het
erogeneity in operating performance and growth capabili
ties among different listed fisheries companies. 

4.5. SPATIOTEMPORAL EVOLUTION OF THE CLIMATE 
RISK INDEX 

Figure 4. Temporal evolution of the climate risk index,        
2007–2023  
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Table 1. Variable definitions   

variable name 
variable 
symbol 

variable definition 

operating cash flow Cashflow 
The ratio of the net cash flow generated by the company's operating activities to the total 

assets at the end of the period 

climate risk CR 
The level of climate risk faced by the company's location, based on comprehensive 

measurement of climate indicators 

Enterprise size Size The natural logarithm of the total assets of the enterprise at the end of the period 

Asset-liability ratio Lev The ratio of a company's total liabilities to its total assets at the end of the period 

ROE ROE The ratio of a company's net profit to its net assets at the end of the period 

Enterprise growth Growth Business revenue growth rate 

Loss status Loss It takes 1 when the company suffers a loss, otherwise it takes 0 

board size Board Natural logarithm of the number of board members 

Ratio of independent 
directors 

Indep Ratio of the number of independent directors to the total number of board members 

Firm size Big4 
When the company hires the Big Four international accounting firms for audit, it takes 1, 

otherwise it takes 0. 

Table 2. Descriptive statistics   

Variable N Mean SD Min Max 

Cashflow 238 0.0585 0.0644 -0.2225 0.3017 

CR 238 45.7459 8.2362 25.8066 84.3409 

Size 238 22.5700 1.2407 20.4821 25.8253 

Lev 238 0.4617 0.1811 0.0440 0.9801 

ROE 238 0.0695 0.5156 -1.5354 7.3797 

Growth 238 0.1819 0.6141 -0.4887 6.8175 

Loss 238 0.1765 0.3820 0.0000 1.0000 

Board 238 2.0555 0.1993 1.6094 2.3979 

Indep 238 38.3833 5.7586 30.0000 60.0000 

4.5.1. NATIONAL AND REGIONAL TEMPORAL 
EVOLUTION 

Based on the overall trend, China’s climate risk level fluc
tuated to some extent during the sample period. The cli
mate risk index increased from 38.21 in 2007 to 44.89 in 
2023 (Figure 4), with the highest value in 2011 (52.84) and 
the lowest value in 2015 (35.81). This change shows that 
climate risks do not follow a simple linear growth trend but 
are influenced by extreme climate events and other factors, 
with significant fluctuations across years. 

Looking further at regional differences, there is hetero
geneity in climate risk change trends across regions. The 
climate risk index in the eastern region rose from 36.14 to 
47.01, maintaining a high level overall, but the long-term 
change trend is not obvious; the central region rose from 
37.09 to 47.52, showing a relatively stable growth trend; the 
initial climate risk level in the western region was higher, 
changing from 40.85 to 41.19, with a smaller overall 
change, but more obvious fluctuation characteristics. Over
all, there are differences in how climate risks evolve across 
regions, indicating that they have clear regional character
istics. 

4.5.2. KERNEL DENSITY EVOLUTION 

From a regional perspective, there are clear differences 
in the evolution trends of climate risks across the three ma
jor regions (Figure 5). The overall risk level in the eastern 
region is relatively high, and the distribution range gradu
ally moves toward high values; the risk distribution in the 
central region changes more obviously, and the proportion 
of high-risk areas has increased in recent years; although 
the overall change in the western region is relatively lim
ited, the distribution range is wide, indicating that there 
are still large risk differences between different provinces. 

Overall, climate risks exhibit clear temporal evolution 
and regional heterogeneity. For listed fisheries companies 
that rely on the natural environment, the degree of climate 
impact varies across regions. Therefore, in subsequent em
pirical analysis, this study further controls for region and 
year fixed effects to identify the net impact of climate risks 
on corporate operating cash flows. 

4.5.3. PROVINCIAL SPATIOTEMPORAL DIFFERENTIATION 

The heat map shows stable differences and annual jumps 
between provinces (Figure 6). Provinces with higher aver
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Figure 5. Kernel density evolution of the climate risk index         

age risks during the sample period include Xinjiang Uygur 
Autonomous Region, Qinghai Province, Hainan Province, 
Inner Mongolia Autonomous Region, and Ningxia Hui Au
tonomous Region. These provinces have maintained rel
atively high risk intensity in many years, indicating that 
their risks may be related to long-term climate exposure, 
geographical location or frequency of extreme weather. In 
addition, the same region is not completely consistent, and 
the risk structure is different in the eastern coastal, north
eastern, central and western plateaus or arid areas. 

5. BASELINE REGRESSION RESULTS 

Table 3 reports the baseline estimates of model (1). All 
specifications include firm and year fixed effects. Column 
(1), which excludes control variables, shows that the coeffi
cient on climate risk (CR) is negative and significant at the 
5% level. After the controls are added in column (2), the co
efficient remains negative and becomes significant at the 
1% level. The results indicate that climate risk weakens the 
internal cash-generating capacity of listed fisheries compa
nies and therefore support H1. 

To clarify the industry-specific contribution, fisheries 
differ from manufacturing and energy firms in three re
spects. First, fisheries depend on biological assets whose 
growth, survival, and spatial distribution are jointly deter
mined by water temperature, water quality, and ecologi

cal conditions; manufacturing firms can generally substi
tute inputs or relocate production more readily. Second, 
fisheries face biological production cycles and perishability, 
which magnify inventory, storage, and delivery losses after 
a climate shock. Third, fishing and aquaculture sites are 
tied to particular waters and coastlines, whereas energy 
and manufacturing firms typically have greater control over 
production sites and can hedge exposure through input 
contracts or geographic diversification. The same regional 
climate shock can therefore translate into a more immedi
ate and persistent loss of operating cash flow for fisheries 
firms. 

6. ROBUSTNESS AND FURTHER TESTS 

6.1. LAGGED CLIMATE RISK 

Considering that the impact of climate risks on corporate 
operating activities may have a certain time lag, and 
changes in corporate cash flow may in turn, affect regional 
risk response capabilities to a certain extent, in order to re
duce potential reverse causality problems, this study fur
ther lags the core explanatory variable climate risk index by 
one period and re-regresses it. The results are shown in col
umn (1) of Table 4. 

The coefficient on one-period-lagged climate risk (L. CR) 
is −0.0014 and is significant at the 1% level. Thus, regional 
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Figure 6. Spatiotemporal differentiation of provincial climate risk       

climate risk continues to reduce the operating cash flow 
of listed fisheries companies in the subsequent period. The 
consistency with the baseline results suggests that the es
timated adverse effect is not driven solely by contempo
raneous disturbances and has persistent economic conse
quences. 

6.2. QUASI-NATURAL EXPERIMENT 

To alleviate potential endogeneity, this study uses climate-
adaptive urban pilot policies to construct a quasi-natural 
experiment and employs exogenous policy shocks to con
duct DID tests. Existing research has shown that construct
ing a difference-in-differences model based on exogenous 
policy implementation is an important method for identify
ing causal relationships and reducing omitted variable bias. 
Specifically, this study takes whether the enterprise is lo
cated in a climate-adaptive urban pilot area as a treatment 
variable, and constructs a DID variable for estimation. 

Column (2) of Table 4 reports the DID test results. The 
results show that the DID coefficient is 0.0247 and is signif
icantly positive at the 10% level, indicating that the operat
ing cash flow of listed fisheries companies has significantly 
improved after the implementation of climate-adaptive ur
ban pilot policies. This result is consistent with theoretical 
expectations. The reason is that climate-adaptive urban 
construction can improve the region’s ability to cope with 
climate risks and reduce the adverse impacts of climate 
shocks on corporate production and operations. For fishery 
companies that are highly dependent on the natural envi
ronment, improving regional climate adaptability can help 

alleviate the operating pressure caused by climate risks, 
thereby improving corporate cash flow performance. There
fore, this result further supports the study’s conclusion that 
climate risks harm corporate cash flows. 

6.3. EXCLUDING OTHER CONFOUNDING FACTORS 

Given that China implemented strict prevention and con
trol policies during the COVID-19 pandemic, this may af
fect the logistics supply chain for aquatic products, thereby 
interfering with causal inference about climate risks for 
listed fisheries companies. To rule out these effects, we ex
cluded samples during the pandemic. The results are shown 
in column (1) of Table 5, showing that the climate risk index 
is still significantly negative at the 5% level. Similarly, given 
interference from special-treatment model companies, we 
further excluded ST companies. The results are shown in 
column (2) of Table 5. The results are shown in column (2) 
of Table 5. The main conclusions remain unchanged. 

6.4. OTHER ROBUSTNESS TESTS 

To mitigate self-selection bias, we used propensity score 
matching for testing. The results after matching were well 
balanced, so the matched samples were used to re-estimate 
the model. The results are shown in column (1) of Table 
6. The climate risk index is significantly negative at the 
5% level. In addition, we also performed entropy balance 
matching, and the results are shown in column (2) of Table 
6. The main conclusions are still robust. 
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Table 3. Baseline regression results    

(1) (2) 

Cashflow Cashflow 

CR -0.0020** -0.0019*** 

(-2.681) (-2.993) 

Size -0.0100 

(-0.709) 

Lev -0.0389 

(-0.752) 

ROE -0.0045 

(-0.949) 

Growth -0.0051 

(-1.132) 

Loss -0.0048 

(-0.443) 

Board 0.0069 

(0.138) 

Indep -0.0004 

(-0.239) 

Big4 0.0104 

(0.608) 

Code/year YES YES 

_cons 0.1287*** 0.3626 

(3.253) (1.034) 

N 238 238 

R2 0.148 0.170 

Table 4. Lagged climate risk and DID tests       

Lag DID 

(1) (2) 

Cashflow Cashflow 

L.CR -0.0014*** 

(-3.187) 

DID 0.0247* 

(1.746) 

Code/year YES YES 

Controls YES YES 

_cons 0.3029 0.1844 

(0.877) (0.494) 

N 229 238 

R2 0.147 0.135 

To mitigate the influence of extreme values, 1% win
sorization is applied. The results are shown in column (3) 
of Table 6, and the main conclusion remains unchanged. 

We also conducted a placebo test (Figure 7). The blue 
distribution in the figure is the estimated coefficient distri
bution obtained after randomly replacing the climate risk 
index 500 times within the year; the red dotted line is 

the true estimated coefficient of the baseline regression 
(-0.0019). The empirical two-sided p-value is 0.002. 
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Table 5. Excluding other confounding factors     

Eliminate the interference of the epidemic Exclude ST 

(1) (2) 

Cashflow Cashflow 

CR -0.0018** -0.0021*** 

(-2.628) (-3.077) 

Code/year YES YES 

Controls YES YES 

_cons 0.2693 0.2620 

(0.732) (0.871) 

N 220 197 

Within R2 0.156 0.217 

Table 6. Matching, winsorization, and sample adjustments      

PSM inspection entropy balance matching Winsorization 

(1) (2) (3) 

Cashflow Cashflow Cashflow 

climate risk index -0.0017** -0.0022*** -0.0014** 

(-2.222) (-2.785) (-2.328) 

Code/year YES YES YES 

Controls YES YES YES 

sample size 208 238 238 

R^2^ 0.521 0.496 0.479 

Figure 7. Placebo test   

7. MITIGATION MECHANISMS 

7.1. TESTS BY CLIMATE-RISK DIMENSION 

In order to further reveal the impact of different types 
of climate risks on corporate cash flow, this study further 
splits the comprehensive climate risk index into four cat
egories of indicators: extreme low temperature, extreme 
high temperature, extreme rainfall, and extreme drought, 
and performs regression analysis for each category. The re
sults are shown in Table 7. 

The results show that the regression coefficients of the 
four types of climate risk indicators are all significantly 
negative. Among them, the coefficients of the proportion 
of extremely low temperature days, the proportion of ex
tremely high temperature days, the proportion of extremely 
rainy days, and the proportion of extremely dry days are 
−0.0888, −0.0820, −0.0274, and −0.0752, respectively, and 
are all significant at the 1% level. This result shows that the 
negative impact of regional climate risks on the cash flows 
of listed fisheries companies does not originate from a sin
gle climate factor, but is caused by a variety of extreme cli
mate shocks. 

Further analysis found that different types of climate 
risks may affect fishery business operations through differ
ent mechanisms. First, extreme high temperatures can sig
nificantly weaken corporate cash flow performance. Fishery 
production is highly dependent on a suitable water tem
perature environment. Sustained high temperatures may 
change the temperature structure of the water body, reduce 
the growth efficiency of aquatic organisms, and increase 
the risk of death during the aquaculture process. At the 
same time, hot weather is often accompanied by problems 
such as a decrease in dissolved oxygen in water bodies 
and deterioration of water quality, forcing companies to in
crease investment in oxygenation, water changes, and dis
ease prevention, leading to an increase in production costs. 
In addition, high temperatures may also affect the distrib
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ution of fishery resources and the stability of fishing activi
ties, thereby reducing corporate operating income. 

Secondly, extreme low temperatures will also have a sig
nificant impact on the cash flow of fishery companies. Low 
temperature events may cause the temperature of aquacul
ture water to drop rapidly, affecting the growth cycle and 
survival rate of fish and other aquatic products, and even 
causing yield losses in severe cases. At the same time, low-
temperature weather may restrict fishing activities, reduce 
the company’s product supply capacity, and increase addi
tional operating expenses such as insulation and disaster 
prevention, thereby exacerbating cash flow pressure. 

Thirdly, extreme rainfall affects corporate cash flow by 
changing the production environment and supply chain 
stability. Heavy rainfall may cause changes in the water en
vironment in the aquaculture area, including fluctuations 
in water salinity, temperature and pollutant concentration, 
increasing aquaculture risks. At the same time, flooding 
caused by extreme rainfall may damage aquaculture facil
ities, transportation channels, and production infrastruc
ture, causing direct asset losses. In addition, abnormal 
rainfall may also affect the transportation and sales of 
aquatic products and reduce the stability of business oper
ations. 

Finally, extreme drought affects fishery production 
mainly through water resources constraints and ecological 
environment degradation. Drought may lead to a reduction 
in aquaculture water resources, a decrease in water ex
change capacity, and aggravate water pollution problems, 
thereby increasing the difficulty of aquaculture manage
ment and production costs. For fishery companies that rely 
on natural water resources, continued drought may also re
duce the abundance of fishery resources and weaken the 
profitability of the company. 

Overall, the sub-dimensional test results show that dif
ferent types of climate risks will significantly reduce the 
operating cash flow of listed fisheries companies, further 
verifying the reliability of the comprehensive climate risk 
indicator regression results. At the same time, this result 
also shows that the climate risks faced by fishery companies 
have multi-dimensional characteristics, and any single cli
mate shock may have an adverse impact on corporate cash 
flow by affecting production conditions, operating costs 
and supply chain stability. 

The previous empirical results show that climate risks 
significantly reduce the operating cash flow of listed fish
eries companies, indicating that extreme weather, hydro
logical environment changes, and uncertainty in produc
tion conditions caused by climate change will have a 
negative impact on corporate cash flow by affecting corpo
rate production and operation activities, increasing operat
ing costs, and reducing operational stability. However, com
panies are not completely passive when faced with climate 
risk shocks. Differences in external resource acquisition ca
pabilities and internal governance levels among companies 
may lead to differences in their ability to withstand climate 
risks. Therefore, this study further examines the mitigation 
mechanisms for climate risks affecting corporate cash flows 

from the perspectives of external support and internal gov
ernance. 

7.2. GOVERNMENT SUBSIDIES 

As a typical resource-dependent industry, fishery produc
tion and operation activities are greatly affected by changes 
in the natural environment. When extreme weather events 
occur, listed fisheries companies may face problems such as 
increased aquaculture losses, rising production costs, and 
unstable supply chains, which will in turn lead to a decline 
in operating cash flow. Since climate risks have strong pub
lic attributes, their impact not only involves the company’s 
own operations, but also affects the stability of agricul
tural production and the protection of ecological resources. 
Therefore, the government usually helps fishery companies 
mitigate risks through financial subsidies, industrial sup
port funds, and disaster relief. 

From the perspective of resource dependence theory, 
government subsidies can provide enterprises with addi
tional external resources and alleviate financial pressure 
stemming from climate risks. On the one hand, subsidy 
funds can directly improve the short-term liquidity of en
terprises and improve their ability to maintain normal pro
duction and operation activities; on the other hand, rele
vant policy support can help fishery enterprises carry out 
the transformation of aquaculture facilities, upgrade pro
duction technology and the construction of risk prevention 
and control systems, and improve the ability of enterprises 
to adapt to climate change. Therefore, government subsi
dies may weaken the adverse impact of climate risks on the 
operating cash flow of listed fisheries companies. 

In order to verify the above effects, this study constructs 
an interaction term between climate risks and government 
subsidies for testing. Column (1) of Table 8 reports the re
sults of the moderating effect of government subsidies. The 
results show that the coefficient of the interaction term be
tween the climate risk index and the amount of govern
ment subsidies is 0.0004, and is significantly positive at the 
5% level, indicating that government subsidies can signifi
cantly mitigate the negative impact of climate risks on the 
cash flows of listed fisheries companies. This result shows 
that government policy and resource support can enhance 
fishery companies’ ability to withstand climate shocks and 
improve the resilience of corporate operating cash flows. 

7.3. CORPORATE GOVERNANCE 

In addition to external policy support, internal corporate 
governance capabilities affect the ability of listed fisheries 
companies to manage climate risks. Since fishery produc
tion is highly uncertain, companies need to continue to in
vest funds in aquaculture management, equipment main
tenance and production adjustments. In the context of 
increasing climate risks, whether an enterprise can effec
tively allocate limited resources and take timely risk re
sponse measures largely depends on the efficiency of inter
nal governance. 

Higher agency costs may lead to management’s short-
sighted behavior and reduced resource allocation efficiency, 
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Table 7. Tests by climate-risk dimension     

(1) (2) (3) (4) 

Cashflow Cashflow Cashflow Cashflow 

Proportion of extreme low temperature days -0.0888*** 

(-5.147) 

Proportion of extreme high temperature days -0.0820*** 

(-4.408) 

Proportion of extreme rainfall days -0.0274*** 

(-7.107) 

Proportion of extreme drought days -0.0752*** 

(-3.237) 

Code/year YES YES YES YES 

Controls YES YES YES YES 

_cons 0.2556 0.2834 0.2459 0.3100 

(0.710) (0.830) (0.727) (0.899) 

N 238 238 238 238 

R2 0.186 0.177 0.179 0.160 

making it difficult for companies to respond in a timely 
manner to the operating pressures brought about by cli
mate change. For example, when faced with extreme 
weather or changes in the ecological environment, com
panies with low governance efficiency may be unable to 
adjust production plans, optimize resource allocation, or 
strengthen risk prevention in a timely manner, thereby fur
ther amplifying the negative impact of climate risks on cash 
flow. On the contrary, companies with lower agency costs 
have more effective supervision mechanisms and resource 
allocation capabilities, which can improve the efficiency of 
business decision-making and reduce losses caused by cli
mate shocks through technological investment, production 
adjustment, and supply chain optimization. 

Therefore, this study further examines the moderating 
role of agency costs in the process of climate risks affecting 
the cash flow of listed fisheries companies. The results in 
column (2) of Table 8 show that the coefficient of the inter
action term between the climate risk index and the agency 
cost indicator is −0.0002 and is significant at the 5% level, 
indicating that lower agency costs can weaken the adverse 
impact of climate risks on corporate operating cash flows. 
This result shows that good internal governance mecha
nisms can improve the climate risk adaptability of listed 
fisheries companies and enable them to maintain stronger 
operational stability in the face of external environmental 
shocks. 

8. CONCLUSIONS AND POLICY IMPLICATIONS 

8.1. CONCLUSION 

This study uses listed fisheries companies as research sub
jects to examine the impact of regional climate risks on cor
porate operating cash flows and the mechanisms for mit
igating these risks. The study mainly draws the following 
conclusions: First, regional climate risks significantly re

duce the operating cash flow of listed fisheries companies. 
Fishery production and operations are highly dependent on 
natural environmental conditions such as temperature and 
precipitation. Rising climate risks will increase uncertainty 
and cost pressures in corporate production and operations, 
which will, in turn, negatively impact operating cash flow. 
Second, government subsidies can mitigate the negative 
impact of climate risks on the operating cash flow of listed 
fisheries companies, indicating that government financial 
and policy support can enhance their ability to withstand 
climate risks. Third, lower agency costs can also play a mit
igating role. Good corporate governance can improve cor
porate resource allocation efficiency and risk-response ca
pabilities, thereby reducing the adverse impact of climate 
risks on operating cash flow. 

8.2. DISCUSSION 

The conclusion of this study on the significant negative im
pact of climate risks on fisheries is logically consistent with 
existing research on the impact of climate risks on fish
eries production: Free et al.1 confirmed that ocean warm
ing between 1930 and 2010 had led to a significant increase 
in the decline in sustainable catch of fish in several key 
global sea areas. Holst and Yu21 also conducted an empir
ical analysis of inland aquaculture in China, noting that 
temperature fluctuations significantly increase production 
risks. Islam et al.22 found that climate-related disasters 
have caused huge economic losses to the aquaculture in
dustry in Bangladesh. However, this study differs from ex
isting research that mainly focuses on biomass loss at the 
production end, regional capacity adjustment, or macro
economic losses in industries. Instead, this study extends 
the transmission chain of climate physical risks to the cor
porate finance level by quantifying the negative effects of 
production shocks on the cash flows of listed fishery en
terprises. To a certain extent, it fills the research gap in 
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Table 8. Tests of mitigation mechanisms     

(1) (2) 

Cashflow Cashflow 

CR -0.0084** -0.0020*** 

(-2.784) (-2.959) 

Ggrant -0.0144 

(-1.581) 

CR*Ggrant 0.0004** 

(2.327) 

AgC 0.0104** 

(2.506) 

CR*AgC -0.0002** 

(-2.495) 

Code/year YES YES 

Controls YES YES 

_cons 0.6057* 0.3179 

(1.970) (0.911) 

N 230 226 

Within R2 0.190 0.187 

the mechanism from “physical damage” to “financial per
formance”. 

In addition, it should be pointed out that this study is 
limited by the availability of data. This article uses only 
listed fishery companies as its research sample and fails 
to cover the vast number of small and medium-sized pri
vate aquaculture operators, who often face more severe fi
nancing constraints. Because financial data from small and 
medium-sized fishery enterprises are usually not publicly 
disclosed, this sample bias is difficult to eliminate within 
the existing framework. Future research can obtain first-
hand data through field surveys and other methods to fur
ther expand the conclusions of this study. 

8.3. PRACTICAL IMPLICATIONS 

Based on the above findings, this study puts forward the 
following targeted policy recommendations: 

First, establish a tiered, whole-chain climate risk mon
itoring and early-warning system aligned with cash-flow 
management. Instead of a one-size-fits-all warning mecha
nism, design differentiated early warning indicators for dif
ferent links of the aquatic industrial chain: for aquaculture 
and fishing producers, integrate monitoring of sea surface 
temperature, red tides, extreme rainfall and drought to is
sue production risk alerts; for upstream feed producers and 
downstream processing & trading firms, release synchro
nized warnings on raw material supply contraction and lo
gistics disruption, and push alerts directly to corporate fi
nance and operation departments. Set up a three-level 
(blue/yellow/red) response framework, where each tier cor
responds to predefined operating cash-flow contingency 
plans, such as emergency working-capital deployment un
der red alerts. Promote data sharing among meteorological, 

maritime, and agricultural authorities to reduce duplicate 
monitoring costs for enterprises. 

Second, implement targeted financial support tools tai
lored to cash flow vulnerabilities across the chain. Move 
from blanket subsidies to precise, risk-exposure-based fis
cal support: prioritize subsidies for production recovery, 
disaster-resilient facility renovation and climate adaptabil
ity investment in firms with high climate exposure, and ear
mark funds to replenish operating cash flows. Expand cli
mate-aligned financial instruments: launch special working 
capital loans for aquatic firms with interest subsidies, and 
promote supply chain bills and accounts receivable financ
ing to ease payment delays caused by climate shocks for 
processing and trading enterprises. Extend weather-in
dexed aquaculture insurance from the production segment 
to feed, processing, and trade links, and align insurance 
payouts with operating cash flow gaps to speed up relief 
disbursement. 

Third, guide enterprises to embed climate risk into inter
nal cash flow governance. Require key listed aquatic firms 
to conduct quarterly climate-risk cash-flow stress tests, as
sess operating cash-flow gaps under extreme scenarios, and 
set aside dedicated risk reserves. Encourage firms to diver
sify supply chain layouts—for example, cross-regional raw-
material sourcing for feed and processing enterprises—to 
reduce the transmission shock from climate disasters in a 
single production area. Incorporate climate risk response 
performance and operating cash flow stability into manage
ment performance appraisal to strengthen incentives and 
constraints, reduce agency costs, and improve resource al
location efficiency. 

In general, a three-pronged climate risk response system 
integrating government monitoring and early warning, tar
geted financial support, and corporate internal governance 
should be established across the entire aquatic industrial 
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chain to fundamentally stabilize operating cash flows and 
improve the overall climate resilience of listed fisheries en
terprises. 
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