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Flood disasters increasingly shape rural livelihoods in
Southeast Asia, not only through crop losses but also
through long-term socioeconomic effects. This study
develops a stylized agent-based framework (ABMAAF)
to analyze flood–poverty dynamics in Candaba, Philip-
pines. The model integrates spatially heterogeneous
flood risk, endogenous rice market responses, and
household wealth trajectories. Flood sequences were
generated stochastically to highlight structural mech-
anisms rather than reproduce historical events. Re-
sults reveal that medium floods often generate larger
inequality effects than rare large floods, as localized im-
pacts create sharp disparities. Price elasticity of de-
mand is critical: with low elasticity, price surges partly
offset losses from large floods but amplify inequality
during medium floods; with high elasticity, large floods
dominate. Regression analysis further reveals that se-
quential shocks matter: medium floods following a
large flood significantly increase inequality, as demon-
strated by counterfactual comparisons and the inter-
action term in the regression model. These findings
highlight that flood impacts depend not only on mag-
nitude, but also on market functioning and event se-
quence. Methodologically, the ABMAAF links hydro-
logical shocks with inequality trajectories, offering a
framework for exploring disaster–poverty traps. Policy
implications include strengthening safety nets during
recovery and designing food market interventions that
mitigate distributional risks under recurrent floods.

Keywords: agent-based modeling, flood risk, income in-
equality, flood–poverty dynamics, rice farmers

1 . Introduction

In recent decades, flood disasters have drawn increas-
ing global attention because of their rising frequency and
severity. Climate change has been identified as the major
driver of this trend, altering precipitation regimes and am-
plifying hydrological extremes across diverse regions. Ac-
cording to the Sixth Assessment Report of the Intergovern-
mental Panel on Climate Change (IPCC), global mean tem-
peratures are projected to continue rising until at least the
mid-21st century, accompanied by a significant increase
in the frequency of heavy rainfall events in many parts of
the world, including Southeast Asia [1]. This escalation of
hydro-meteorological hazards poses a particular challenge
for developing countries, where large populations depend
on climate-sensitive livelihoods and institutional and in-
frastructural capacities to cope with disasters are limited.

Flood impacts are highly uneven across populations.
Numerous studies have highlighted that socially and eco-
nomically vulnerable communities tend to suffer dispro-
portionately from flood disasters [2, 3]. Poor households
are more likely to reside in flood-prone areas, occupy frag-
ile housing structures, and lack the financial resources to
recover from damage [4]. Consequently, floods not only
generate immediate physical losses, but also perpetuate cy-
cles of poverty and inequality. Moulds et al. noted that
flood risk management interventions can exacerbate so-
cial inequalities when they neglect distributional conse-
quences, emphasizing the need to analyze floods through
both physical and socioeconomic lenses [5]. In rural con-
texts, particularly in developing countries, farming house-
holds face compounding risks due to climate variability,
market fluctuations, and limited safety nets.

Agriculture is a climate-sensitive sector and flood dis-
asters pose an acute threat to sustainability. Although
drought has received considerable research attention in the
agricultural sector, particularly in arid and semiarid areas,
flooding represents an equally serious hazard in tropical
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farming regions. In Southeast Asia, where rice cultiva-
tion dominates subsistence and commercial agriculture, re-
current floods disrupt cropping cycles, reduce yields, and
compromise food security. Beyond direct yield impacts,
floods influence household economies, local market dy-
namics, and long-term livelihood trajectories. Aryal et al.
emphasized that smallholder farmers in South Asia face
constrained adaptation options because of land scarcity,
limited access to credit, and institutional weaknesses [6].
Thus, examining flood impacts not only on crop produc-
tion, but also on household-level economic sustainability
and inter-household inequality is essential.

Traditional approaches to climate change impact assess-
ments in agriculture often rely on macroeconomic or sec-
toral models that aggregate outcomes across regions. Al-
though these models identify broad trends, they obscure
the heterogeneity of household decisions and adaptation
strategies. However, adaptation is fundamentally heteroge-
neous; households respond differently depending on their
landholdings, income levels, access to markets, and risk
perceptions. To capture these dynamics, scholars have
increasingly employed agent-based models (ABMs) that
simulate heterogeneous agents interacting in a defined en-
vironment. ABMs are particularly suited to farming sys-
tems because they can incorporate household-level varia-
tions in land use, assets, and risk preferences. Moreover,
they make it possible to analyze emergent outcomes such
as inequality, cooperation, or migration.

Several studies have applied ABMs to agricultural adap-
tation under climate stress. For example, Choquette-Levy
et al. investigated how risk-transfer policies shape mobility
and immobility under climate-induced hazards and indi-
cated that institutional arrangements strongly affect house-
hold adaptation choices [7]. Juarez-Lucas et al. studied
coping strategies in Philippine floodplains, illustrating how
temporary income opportunities during floods may para-
doxically entrench long-term vulnerability [8]. These con-
tributions demonstrate the potential of ABMs to illuminate
the complex interplay among environmental shocks, mar-
ket mechanisms, and household adaptations.

Despite these advances, significant gaps remain in un-
derstanding the long-term socioeconomic impact of re-
peated floods on rural households in Southeast Asia. Many
existing studies have focused on one-time damage or
drought-related risks, with limited attention paid to how
recurrent flooding interacts with market responses and
household wealth trajectories. Moreover, few studies have
explicitly linked flood events to inequality dynamics, leav-
ing an incomplete picture of how disasters reshape social
structures. Addressing these gaps requires models that in-
tegrate hydrological shocks, market-mediated responses,
and household-level asset dynamics.

The Pampanga River Basin in the Philippines is a highly
relevant case study. As one of the country’s primary
rice-producing regions, it simultaneously faces chronic
flood risk from typhoons and seasonal rainfall. Candaba
City, situated within Pampanga Province, is frequently in-
undated and has suffered heavy losses during Typhoons
Haiyan (2013) and Ulysses (2020). Socioeconomically,

Candaba’s households rely on small-scale rice farming
with limited diversification and scant access to formal
credit or insurance. These conditions render households
highly vulnerable to recurrent shocks and prone to indebt-
edness. Simultaneously, local rice markets are sensitive
to production shocks; large floods may paradoxically raise
rice prices, buffering some household incomes, while en-
hancing disparities among others.

To address these complexities, this study developed
an Agent-Based Model for Agricultural Activities under
Flood Risk (ABMAAF). The methodological novelty lies
in the following three aspects.

1. Integrating a local rice market scheme: Unlike many
agricultural ABMs that stop at yield and income es-
timation, ABMAAF endogenizes rice prices based
on local demand-supply dynamics. This allows the
model to capture counterintuitive outcomes, such as
income stabilization during large floods owing to
price surges.

2. Linking flood exposure with long-term poverty and
inequality dynamics: By modeling household wealth
trajectories and computing Gini coefficients, the
model goes beyond short-term damage assessment to
explore the structural and cumulative impacts of re-
peated floods.

3. Embedding heterogeneous flood frequencies across
spatial zones: By assigning distinct flood probabil-
ities to different community zones, the model re-
flects how spatial risk heterogeneity drives divergent
household outcomes, demonstrating why medium-
scale floods generate the greatest inequality.

Notably, although the flood scenarios employed here are
stylized and hypothetical, this design serves to isolate and
highlight the structural mechanisms linking floods, mar-
kets, and household well-being. This approach provides
a transparent foundation for methodological development,
paving the way for future integration of hydrodynamic sim-
ulations and climate projections.

Therefore, the objectives of this study are threefold:
(i) to examine how recurrent small- and medium-scale
floods compare with rare large floods in shaping household
wealth accumulation; (ii) to assess how market-mediated
rice price changes alter household vulnerability; and (iii) to
evaluate how inequality evolves under different flood sce-
narios. This study advances both the methodological
toolkit of socio-hydrology and evidence-based design of
equitable flood risk management strategies.

2 . Study Area and Data

2.1. Geographic and Climatic Context
The Pampanga River Basin, located in Central Luzon, is

the third largest river basin in the Philippines, with an area
of approximately 10,540 km2. The basin plays a critical
role in national food security, with vast tracts of irrigated
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rice fields earning it a reputation as one of the country’s
“rice granaries.” The annual rainfall in the basin averages
approximately 2,100–2,200 mm, with a marked wet season
(May–November) and dry season (December–April). Al-
though this bimodal climate supports the double cropping
of rice, it also exposes farming communities to recurrent
floods during the wet season.

The hydrological regime of the Pampanga River is
strongly influenced by monsoon rains and typhoons. Ty-
phoons such as Haiyan in 2013 and Ulysses in 2020 deliv-
ered over 300 mm of rainfall in 24 hours, causing large-
scale inundation [9]. Riverine flooding is compounded by
local drainage limitations, which lead to frequent backwa-
ter and pluvial flooding in low-lying areas. Among the mu-
nicipalities within the Pampanga Province, Candaba City
is particularly flood-prone because of its location adjacent
to the Candaba Swamp and the left bank of the Pampanga
River.

2.2. Socioeconomic Conditions
Candaba has a population of approximately 110,000,

and agriculture is the dominant livelihood. The city
comprises 33 administrative districts called barangays.
Approximately 70% of households depend primarily on
rice cultivation, with secondary production of vegetables
and fruits. Landholdings are typically small, averaging
1–2 hectares, and are managed under family-based farm-
ing systems. The poverty incidence in Pampanga Province
remains above the national average, and limited access
to credit and crop insurance leaves households financially
vulnerable to shocks.

Many households practice double cropping and planting
during both the wet and dry seasons. However, wet sea-
son crops are highly vulnerable to flooding. Farmers adopt
coping strategies, such as temporary fishing during inun-
dation or small-scale transport services using boats, which
provide short-term income but do not offset long-term agri-
cultural losses. Previous field surveys have documented
how these strategies paradoxically entrench vulnerability,
as they tie households to flood-prone livelihoods and in-
crease reliance on informal lending networks with high in-
terest rates [8, 10].

2.3. Flood Hazard Classification
Past flood records compiled by ICHARM and local

governments reveal distinct spatial heterogeneity in flood
frequency. Building on Nagumo et al. [10], Candaba’s
barangays were classified into four zones (A–D) based on
historical inundation exposure (Fig. 1). Zone A represents
relatively safe areas with rare flooding, whereas Zone D
encompasses the most flood-prone communities along the
riverbanks and swamp margins. This zonal classification
provides a basis for modeling heterogeneous flood proba-
bilities across households.

In this study, each zone was assigned an indicative re-
turn period representing flood protection levels: 1/1000 for
Zone A, 1/100 for Zone B, 1/10 for Zone C, and 1/2 for
Zone D. Although these return periods are stylized rather

Fig. 1. Flood risk classification of barangays in Candaba
City based on Nagumo et al. [10], with modifications by the
authors. Flood risk is lowest in Zone A and increases in the
order of B, C, and D.

than derived from hydrodynamic modeling, they approx-
imate the relative differences in exposure and provide a
transparent framework for simulating spatially heteroge-
neous flood risks.

3 . Methods

3.1. Overview of the ABMAAF Framework
We developed the ABMAAF to examine the impact

of recurrent flooding on household welfare. The model
treats each farming household as an agent characterized by
landholding size, seasonal cropping patterns, and house-
hold consumption needs. The model iterates annually and
captures the interactions between (i) flood-induced yield
losses, (ii) rice market dynamics, and (iii) household bud-
get updates.

The ABMAAF comprises two interconnected submod-
els:

1. RiceMarket Scheme: determines rice production, de-
mand, and price evolution.

2. Household Budget Scheme: calculates each house-
hold’s income, consumption, and wealth trajectory.

By combining these elements, the ABMAAF extends be-
yond conventional crop-damage assessments, linking en-
vironmental shocks to long-term poverty dynamics and in-
equality.
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3.2. Rice Market Scheme
At time step 𝑡, the market price of rice 𝑝(𝑡) is determined

by the balance between demand and supply. Aggregate
supply 𝑌S(𝑡) is obtained by adding the household yields,
which depend on cultivated area, productivity, and flood
occurrence, as described below. Potential demand 𝑌D(𝑝(𝑡))
is modeled as a function of price, with the price elasticity
of demand (PED) 𝜆. Here, PED is defined as the abso-
lute value of the conventional elasticity measure (denoted
as 𝜆), such that higher values indicate more elastic demand
and lower values indicate less responsive demand. This
convention is adopted to avoid confusion arising from the
usual negative signs of demand elasticity.

Actual transaction volume is given by

𝑌D(𝑡 + 1) = min [(1 − 𝜆𝜋(𝑡))𝑌D(𝑡), 𝑌D,min] , (1)

where 𝑌D,min indicates the minimum demand in the region,
and 𝜋(𝑡) = (𝑝(𝑡 + 1) − 𝑝(𝑡))/𝑝(𝑡) denotes the price change
ratio. The rice price adjusts according to an adaptive ex-
pectation mechanism:

𝑝(𝑡 + 1) =
[

1 + 𝜅Y {
𝑌D(𝑝(𝑡))

𝑌S(𝑡)
− 1

}]
𝑝(𝑡), (2)

where 𝜅Y(> 0) denotes the adjustment speed. The param-
eter 𝜅Y governs the responsiveness of price to demand–
supply imbalance through the term 𝜅Y ⋅ (𝑌D(𝑝(𝑡))/𝑌S(𝑡)).
When 𝜅Y is small, prices adjust only gradually even under
demand pressure. The resulting price trajectory is qual-
itatively similar to a situation in which supply shortages
are partially compensated by external inflows, similar to
when supply 𝑌S(𝑡) is added. Conversely, when 𝜅Y is large,
prices respond more sharply to local imbalance, corre-
sponding to conditions where shortages are not immedi-
ately offset by outside supply. In this sense, 𝜅Y indirectly
influences the extent to which local shocks translate into
price changes, although it does not explicitly model im-
ports or inter-regional trade. The present analysis adopts
a relatively high 𝜅Y to examine inequality dynamics under
limited external buffering.

Notably, this endogenous price mechanism is a novel
contribution of the ABMAAF. Whereas many agricultural
ABMs assume exogenous or fixed prices, our model cap-
tures how floods not only reduce yields, but also trigger
price surges, which in turn mediate household incomes.
This enables the analysis of counterintuitive outcomes such
as large floods that reduce yields and stabilize incomes
through market responses.

3.3. Household Budget Scheme
Each household 𝑖 is modeled with cultivated area in the

wet season 𝐴w,𝑖(𝑡) and the dry season 𝐴d,𝑖(𝑡), respectively,
per-hectare yield 𝑦 and production costs 𝜄, and minimum
consumption needs 𝑐min. The annual harvest is

𝑦𝑖(𝑡) = [𝐴d,𝑖(𝑡) + 𝜑𝑖(𝑡)𝐴w,𝑖(𝑡)] 𝑦, (3)

where 𝜑𝑖(𝑡) is a no-flood indicator (1 = no flood, 0 = flood)
for the wet-season crop. Household income is

𝐼𝑖(𝑡) = (1 − 𝜏)𝑝(𝑡)𝑦𝑖(𝑡) − [𝐴d,𝑖(𝑡) + 𝜑𝑖(𝑡)𝐴w,𝑖(𝑡)] 𝜄, (4)

where 𝜏 is a proportional tax rate. Disposable budget is

𝐵𝑖(𝑡) = 𝐼𝑖(𝑡) − 𝑐min𝑛, (5)

with 𝑛 representing household size. Savings in year 𝑡 are
updated annually as 𝑤𝑖(𝑡) = 𝛼w𝐵𝑖(𝑡), where 𝛼w is the saving
rate. Therefore, household consumption is given by

𝑐𝑖(𝑡) =
{

(1 − 𝛼w) 𝐵𝑖(𝑡) + 𝑐min𝑛, if 𝐵𝑖(𝑡) ≥ 0,
𝑐min𝑛, if 𝐵𝑖(𝑡) < 0.

(6)

Negative 𝐵𝑖(𝑡) reduces wealth, representing indebted-
ness. Accordingly, the wealth in year 𝑡 is obtained as

𝑊𝑖(𝑡) =
{

𝑊𝑖(𝑡 − 1) + 𝑤𝑖(𝑡), 𝐵𝑖(𝑡) ≥ 0,
𝑊𝑖(𝑡 − 1) + 𝐵𝑖(𝑡), 𝐵𝑖(𝑡) < 0.

(7)

Through this mechanism, recurrent floods result in reduced
harvests, lower budgets, and a cumulative wealth reduc-
tion. Critically, by aggregating household outcomes, the
model can compute inequality indices such as the Gini co-
efficient, thereby linking disaster shocks to social disparity.

3.4. Flood Scenario Generation
Flood scenarios are generated probabilistically. Each

year, a random number 𝑢 ∼ 𝑈(0, 1), where 𝑈(0, 1) rep-
resents the uniform distribution over the interval [0, 1], is
drawn for each zone. If 𝑢 falls below the inverse return pe-
riod of the zone, a flood occurs. For instance, Zone D with
an inverse return period of (i.e., mean annual occurrence
ratio) 1/2 experiences flooding on average every two years.
When flooding occurs, the wet-season yield for affected
households is set to zero (𝜑𝑖(𝑡) = 0).

This stylized design deliberately abstracts from hydro-
dynamic modeling. The objective is to isolate struc-
tural mechanisms rather than replicate specific historical
events. By controlling flood frequency across zones, the
model explores how different patterns of shocks—rare
large floods versus frequent small and medium floods—
affect long-term household trajectories. This approach
provides methodological transparency and facilitates sen-
sitivity analyses.

3.5. Parameterization
Model parameters were derived from a combination of

national statistics from the Philippine Statistics Authority
(PSA) [11] and local survey data (Table 1).

• Rice yield: 4.3 t/ha.

• Production cost: PHP 30,000/ha.

• Minimum consumption expenditure: PHP 22,000 per
capita per year, based on field interviews.
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Table 1. Model parameters.

Parameter Variable Value

Price control speed 𝜅Y 0.7

Price elasticity of demand (PED)
(absolute value) 𝜆 0.9

Production tax ratio 𝜏 0.07

Unit area rice harvest 𝑦 4.3 t/ha

Unit area investment costs 𝜄 30,000 PHP/ha

Minimum living cost per person 𝑐min 22,000 PHP/year

Number of family members 𝑛 5

Saving rate 𝛼w 0.05

Baseline rice price 𝑝(0) 17,000 PHP/t

• Household size: average of 5.

• Initial rice price: PHP 17,000/t.

• Saving rate: 5%, consistent with Orbeta [12].

Landholding distributions were based on barangay-level
statistics from the 2013 Agricultural Census in Candaba.
Rather than assigning the exact observed parcel sizes to
household agents, we randomly generated landholdings
from a gamma distribution parameterized by the mean and
variance of each barangay. This choice was motivated by
two considerations: (i) histograms of the census data were
well approximated by a gamma distribution and (ii) the aim
of this study was a stylized analysis that focused on struc-
tural mechanisms rather than replicating the precise het-
erogeneity of observed households.

3.6. Novelty of the Approach
The ABMAAF contributes methodologically in several

ways:

1. Integrating market and household dynamics: Unlike
standard flood-damagemodels, the ABMAAF endog-
enizes rice prices, capturing how market mechanisms
mediate disaster impacts.

2. Long-term poverty and inequality analysis: By track-
ingwealth and computingGini coefficients, themodel
moves beyond one-time loss estimates to explore
structural socioeconomic consequences.

3. Spatial heterogeneity of risk: Assigning differential
flood probabilities across zones highlights how geog-
raphy shapes vulnerability and inequality.

4. Stylized scenario design for transparency: Based on
hypothetical return periods, the scenario framework
offers generalizable insights and prepares the ground
for future integration with hydrodynamic models.

Fig. 2. Simulation results of the ABMAAF. (a) Flood mag-
nitudes expressed as return periods, (b) savings, and (c) an-
nual income by agent in Zones A (black), B (blue), C (yel-
low), and D (red). The return periods of 2, 10, and 100 years
(marked by the black lines in (a)) are the flooding thresholds
in each zone.

3.7. Simulation Design
Simulations were run over a 40-year horizon to approx-

imate two farming generations. For each scenario, multi-
pleMonte Carlo replications were conducted to account for
stochastic variations in flood events. The outputs include
household income trajectories, wealth accumulation, rice
price evolution, and Gini coefficient dynamics.

Through this design, the model not only assesses house-
hold vulnerability, but also illuminates the structural path-
ways bywhich recurrent floods entrench poverty andwiden
inequality.

4 . Results

4.1. Household Asset Formation Under Flood
Scenarios

Figure 2 illustrates the temporal evolution of floodmag-
nitudes (Panel a), household wealth across zones (Panel b),
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Fig. 3. Temporal variation of the Gini coefficient under
scenarios with the large flood (red line) and without it (black
line) inYear 28, shown together with floodmagnitudes (blue
line) from Fig. 2(a).

and annual household income (Panel c) over a 40-year
simulation period. A key insight is the marked diver-
gence in wealth accumulation across zones with differ-
ent flood damage frequencies. Households in Zones A
and B, which rarely experience floods (< 1/100 annual
probability), steadily accumulate wealth, whereas those in
Zone D, which experiences floods every two years on av-
erage, struggle to develop wealth over time.

Interestingly, the relationship between flood magnitude
and income is not linear. In Year 28, a major flood exceed-
ing the 100-year return period struck the region. Despite
the substantial reduction in rice yield, farm household in-
come did not fall as sharply as expected (Fig. 2(c)). This
counterintuitive outcome is attributable to rice price surges
as the market adjusts to supply shortages. This finding is
consistent with observations from Southeast Asia, where
food price volatility following disasters has been shown to
partially buffer aggregate income losses, even while exac-
erbating consumer hardship [13, 14].

In contrast, repeated small- and medium-scale floods
(e.g., 10- to 20-year return period) produced cumulative
negative effects on household budgets. In these cases,
the reduction in local yield was not sufficient to trigger
large price increases, indicating that the affected house-
holds in Zones C and D bore losses without compen-
satory gains from the market. Over time, these recurrent
medium shocks eroded household wealth, leading to long-
term stagnation in financial asset formation. This dynamic
resonates with the “disaster poverty trap” mechanism [15],
whereby frequent shocks prevent poor households from ac-
cumulating capital, leaving them persistently vulnerable.

4.2. Income Distribution and Inequality
The time series of Gini coefficients of income inequal-

ity is presented in Fig. 3, alongside flood magnitudes for
comparison. The Gini coefficient did not peak during the
largest flood event. Instead, the highest inequality levels
emerged during medium-scale floods (return periods be-
tween 10 and 100 years).

For example, in Year 3, a flood with around 10-year re-
turn period struck. Approximately 38% of all households

Fig. 4. Same as Fig. 3 but with a range of PED (0.4, 0.5,
0.6, 0.7, 0.8, and 0.9). The Gini coefficient from Years 30 to
40 is shown to emphasize the sequence of medium floods.

(Zones C and D) experienced complete wet-season crop
failure, whereas the remaining households maintained pro-
duction and benefited frommodest price increases. Conse-
quently, inequality spiked, with the Gini coefficient reach-
ing its maximum value. In contrast, in the extreme flood
of Year 28, 95% of all households (Zones B, C, and D)
were affected; therefore, relative disparities were smaller,
although the aggregate losses were greater.

This outcome aligns with broader findings in the dis-
aster risk literature: inequality is not always most pro-
nounced during catastrophic events but often peaks when
impacts are unevenly distributed across a community [16,
17]. In Candaba’s case, spatial heterogeneity in flood fre-
quency means that medium floods disproportionately bur-
den households in Zones C and D, thus magnifying in-
equality.

4.3. Market Dynamics and Price Adjustment
The rice market scheme indicates that PED played a crit-

ical role in mediating household outcomes. When the PED
is low, consumer demand does not decrease significantly,
even if rice prices rise because of a poor harvest. Con-
sequently, while consumer expenditure on rice increases,
farmers’ income losses from the reduced supply are offset
(Fig. 4). Conversely, when the PED is high, demand de-
creases as prices rise, leading to long-term income degra-
dation for damaged farmers and escalating inequality. This
sensitivity highlights the crucial role of market functioning
in shaping disaster impacts, echoing Tadasse et al.’s [18]
findings on food price transmission in developing coun-
tries. Overall, the results demonstrate that household vul-
nerability to floods is a product of not only exposure and
yield losses but also market responses and spatial inequal-
ities.

4.4. Counterfactual Analysis of the Large Flood
in Year 28

To further illustrate the compounding effects of sequen-
tial floods, we compared the actual simulation, where a
large flood occurred in Year 28, with a counterfactual sce-
nario in which no large flood occurred in that year (Fig. 3).
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Table 2. Results of regression analysis for inequality (de-
pendent variable: annual Gini coefficient).

Variable Coefficient Std. error 𝑝-value

MediumFlood (dummy) 0.0355 0.00988 0.00112

LargeFlood (dummy) 0.0337 0.0290 0.295

MediumFlood ×
LargeFlood (dummy) 0.0648 0.0131 < 0.001

Constant 0.181 0.00749 < 0.001

In the counterfactual sequence, moderate floods in sub-
sequent years produced moderate fluctuations in the Gini
coefficient. In contrast, in the original simulation, the
large flood in Year 28 caused a drastic decline in the to-
tal supply and an initial surge in the rice price. When a
medium flood occurred shortly afterward, the Gini coeffi-
cient rose markedly higher than in the counterfactual case.
This divergence provides visual evidence that the timing
of medium floods significantly influences the trajectories
of inequality relative to the effect of large floods.

4.5. Regression Analysis of Medium and Large
Floods

To statistically evaluate the effects of sequential floods,
we estimated a linear regression model using annual data
on flood events and inequality. The explanatory variables
included dummy variables (zero or one) for medium floods
(MediumFlood) and large floods (LargeFlood). Further-
more, their interaction is defined as another dummy vari-
able (MediumFlood × LargeFlood). The dependent vari-
able was the annual Gini coefficient. This specification al-
lows us to test whether medium floods occurring together
with a large flood exert an additional inequality effect be-
yond the independent impact of each event.

Gini𝑡 = 𝛽0 + 𝛽1MediumFlood𝑡 + 𝛽2LargeFlood𝑡

+ 𝛽3 (MediumFlood𝑡 × LargeFlood𝑡) + 𝜖𝑡 (8)

Table 2 summarizes the regression estimates. The co-
efficients for MediumFlood𝑡, LargeFlood𝑡, and the inter-
action term MediumFlood𝑡 × LargeFlood𝑡 were all pos-
itive and statistically significant (𝑝 < 0.01) except for
LargeFlood𝑡. This indicates that medium floods indepen-
dently increase inequality, whereas, large floods do not sig-
nificantly raise inequality as discussed above. Most impor-
tantly, when medium- and large-flood conditions overlap,
the inequality effect is amplified.

These results confirm that the observed surge in inequal-
ity following the large flood in Year 28 is not an artifact of a
single scenario but a statistically robust pattern: sequential
shocks matter.

5 . Discussion

5.1. Flood Impacts Beyond Yield Losses
These results indicated that floods influence rural liveli-

hoods through pathways beyond direct crop damage.
Large-scale floods, although devastating in biophysical
terms, may not always translate into the greatest income
losses because market adjustments redistribute impacts.
Conversely, frequent small and medium floods, which are
less dramatic in isolation, cumulatively erode household
wealth and perpetuate vulnerability.

Empirical evidence from other Asian agricultural con-
texts also supports the mechanisms identified in this study.
For example, in Bangladesh, del Ninno et al. reported that
repeated moderate floods had longer-lasting welfare im-
pacts than single catastrophic events [14]. Kawasaki and
Shimomura [19] used household-level data from Myan-
mar to demonstrate that recurrent floods can exacerbate
poverty and widen income disparities across communities.
Their results suggest that repeated moderate-scale flood
events may generate cumulative welfare losses that dispro-
portionately affect vulnerable households, leading to dis-
tributional divergence over time.

Although Bangladesh, Myanmar, and the Philippines
differ institutionally, the structural mechanism by which
recurrent shocks interact with market and household dy-
namics to produce inequality effects appears comparable.
In particular, in contexts in which price adjustments are not
strongly constrained by national caps or large-scale exter-
nal imports, local production shocks may translate into dis-
tributional consequences similar to those simulated here.
This cross-regional consistency lends indirect empirical
support to the stylized mechanism explored in this model.

5.2. Disaster–Poverty Traps in Agricultural
Communities

The persistent inability of households in Zone D to accu-
mulate financial assets illustrates a classic disaster–poverty
trap [15]. Recurrent shocks prevent households from in-
vesting in productivity-enhancing measures, forcing re-
liance on informal lenders, and leading to cycles of indebt-
edness. Similarly, Hallegatte et al. argue that disasters can
push vulnerable populations into long-term poverty if so-
cial safety nets and financial instruments are absent [16].
Our model reinforces these insights by quantifying how
differential flood exposure interacts with the market dy-
namics to entrench inequality.

5.3. Coping Strategies and Their Limits
Field studies in Candaba have documented temporary

coping strategies, such as fishing in inundated fields or boat
transport during floods [8]. The present model does not
explicitly incorporate these jobs. Instead, it isolates agri-
cultural income shocks and cumulative wealth effects.

In the simulated dynamics, flood-induced wealth re-
ductions persist beyond the disaster year through gradual
price adjustments and inequality accumulation. This sug-
gests that coping strategies confined to the flood year may
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not fully offset the long-term economic consequences, al-
though their actual buffering capacity cannot be evaluated
within the current model. Incorporating temporary liveli-
hood diversification would enable a more explicit assess-
ment of short- and long-term adaptations.

5.4. Policy Implications
The insights from the ABMAAF have direct relevance

to disaster risk reduction and agricultural policy. First,
insurance schemes can mitigate disaster–poverty traps by
smoothing income shocks, as demonstrated in the South
Asian context [20]. Second, planned relocation or land
consolidation may be necessary in highly flood-prone
zones, although such interventions require careful design
to avoid social disruption [21]. Third, investments in mar-
ket infrastructure, such as improved storage, transport, and
price-stabilization mechanisms, can help reduce harmful
volatility, ensuring that price adjustments benefit produc-
ers without overburdening consumers.

The current rice price in the Philippines is controlled to
remain stable under shocks, such as disasters, to stabilize
the market. The model can represent this with a no-price-
adjustment, 𝜅Y = 0, although such scenarios were not the
primary focus of this study.

5.5. Methodological Contributions and Future
Directions

From a methodological standpoint, the ABMAAF suc-
cessfully integrated household heterogeneity, market dy-
namics, and spatially differentiated flood risks into a sin-
gle scheme. Unlike many models that evaluate only direct
damage, our approach links environmental shocks to long-
term inequality metrics, offering a richer perspective on
disaster impact.

Nevertheless, this study has some limitations. The flood
scenarios are stylized based on the indicative return peri-
ods of barangay units a binary outcome of no damage or
complete damage rather than hydrodynamic simulations.
Although within-barangay variations in flood depth may
exist, prior studies in Candaba suggest that flood exposure
differences across barangays aremore pronounced thanmi-
croscale variations within them [8], partially supporting
this assumption. Although this abstraction clarifies the
structural mechanisms, future work should integrate the
outputs from hydraulic models under climate change sce-
narios to improve realism.

The model assumes that flood impacts are confined to
the affected cropping season and do not directly reduce
production capacity in subsequent seasons. This assump-
tion reflects the empirical conditions in Candaba, where
dry-season cultivation generally resumes after wet-season
flooding, agricultural machinery is evacuated before inun-
dation, and post-flood recovery programs provide seed and
fertilizer support. Nevertheless, in other contexts where
capital destruction or recovery delays occur, multi-season
cascading effects can significantly amplify inequality dy-
namics. Extending the model to incorporate recovery de-

lays and asset depreciation is a valuable avenue for future
research.

Additionally, the current model does not incorporate
inter-household interactions such as credit networks or mi-
gration, which may further influence adaptation dynamics.
Expanding the model to include such processes will en-
hance its explanatory power.

5.6. Compound Shocks and Timing Effects
The counterfactual comparison (Fig. 3) and regression

analysis provide clear evidence that flood impacts are con-
tingent not only on magnitude, but also on sequence and
timing. Although both medium and large floods indepen-
dently increased inequality, their interaction was particu-
larly pronounced; medium floods following a large flood
amplified inequality far more than either type of event
alone. This finding highlights the importance of consider-
ing compound disasters in flood risk assessments, as high-
lighted in the broader literature on sequential climate ex-
tremes in terms of amplified hazard magnitudes [22].

These findings have several significant implications.
Standard risk analyses often treat floods as independent
events characterized only by the return period. However,
the findings suggest that sequential shocks within a recov-
ery window can damage social equity more than isolated
events can. For policymakers, this implies that recovery
and relief interventions must account for the possibility of
subsequent floods. For example, targeted safety nets dur-
ing the years immediately after a large flood may prevent
medium floods from pushing vulnerable households into
long-term poverty traps.

6 . Conclusion

This study developed and applied ABMAAF to ex-
amine the long-term socioeconomic impacts of recurrent
floods on rice-farming households in Candaba, Pampanga
Province, Republic of the Philippines. Unlike conventional
flood damagemodels, theABMAAF integrates household-
level heterogeneity, local rice market dynamics, and spa-
tially differentiated flood risk. Using stylized flood scenar-
ios, the model isolates structural mechanisms linking flood
exposure, market responses, and household wealth trajec-
tories.

Three key findings emerge. First, recurrent small- and
medium-scale floods proved to be more detrimental to
long-term household welfare than rare, large floods. Al-
though catastrophic floods reduce regional yields, rice
price surges partially offset income losses, whereas fre-
quent moderate floods erode household wealth without
triggering strong market adjustments. Second, the model
revealed that inequality peaks during a series of medium
floods after rare large floods, when a significant but par-
tial share of households is affected by both degraded rice
demand and prices by preceding large floods and reduced
products by the following medium floods, producing sharp
disparities between flooded and non-flooded zones. Third,
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households in highly flood-prone zones consistently fail
to accumulate financial assets over time, illustrating a
disaster–poverty trap mechanism that perpetuates vulner-
ability.

These findings suggest that market-based adaptation
measures, such as price-stabilization mechanisms, could
mitigate disaster–poverty traps. Structural interventions,
including planned relocation or land consolidation in
chronically flooded zones, may be necessary but must be
designed to minimize social disruption. Strengthening
credit access and reducing reliance on informal lending
networks are critical for preventing indebtedness cycles.

From a methodological perspective, ABMAAF demon-
strates the value of integrating market mechanisms and in-
equality metrics into disaster impact modeling. Although
the present study employed stylized flood scenarios, the
framework could be extended by coupling hydrodynamic
flood simulations and climate change projections. Future
studies should incorporate cases of faster price adjustments
and household interactions, such as credit and social net-
works, to better capture collective adaptation dynamics.

This study highlights how recurrent floods reshape rural
socioeconomic structures, not merely through direct yield
losses, but also through complex interactions with mar-
kets and inequality. By providing a transparent, extensible
modeling framework, ABMAAF contributes to advancing
socio-hydrology and offers insights into designing equi-
table and sustainable flood risk management strategies in
Southeast Asia and beyond.
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