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Abstract Dominant approaches to drought and flood risk

often marginalize the social and temporal dimensions of

how communities experience environmental change. This

study explores how three riverine communities in the

Peruvian Amazon—Bajo Belén, Tamshiyacu, and El

Chino—generate and act on knowledge of river dynamics

to sustain livelihoods amid increasing hydrological

variability. Using storytelling with 45 participants

(2023–2024), and co-produced seasonal calendars, we

identified risk windows or periods of heightened

vulnerability when river levels misalign with local

expectations. These windows provide a situated lens into

how risks are interpreted and navigated through embodied,

relational, and adaptive strategies. Our findings highlight

the centrality of place-based knowledge and temporal

attunement to sustainable adaptation, challenging

technocratic risk frameworks. By reframing hydrological

extremes as relational and embedded in local rhythms, the

study calls for more inclusive governance that reflects the

socio-cultural and ecological specificities of hydrological

risks.

Keywords Amazon basin � Hydrological extremes �
Risk windows � Situated knowledge � Storytelling

INTRODUCTION

Droughts and floods are often framed as universal hazards,

yet their impacts are not experienced uniformly (Di Bal-

dassarre et al. 2026). Impacts are deeply shaped by local

ecologies, social structures, and historical inequalities (Di

Baldassarre et al. 2014; Savelli et al. 2022). Despite this,

governance of hydrological extremes still relies heavily on

standardized risk assessments that privilege technical

expertise while overlooking situated experiences and local

knowledge systems (Swyngedouw 2009; Klenk et al.

2017). Such exclusion constitutes a form of epistemic

injustice, whereby communities are wronged in their

capacity as knowers—either through testimonial injustice,

where their insights are dismissed, or through hermeneu-

tical injustice, when dominant frameworks fail to make

sense of their lived realities (Fricker 2007; Tuana 2013). As

a result, prescribed adaptation strategies may fail to res-

onate locally or reproduce marginalization by devaluing or

erasing alternative ways of knowing and living with envi-

ronmental change, especially when they are designed

without meaningful engagement with local epistemologies

and social contexts (Schlosberg 2007, 2012). For example,

planned relocations that are not grounded in local capaci-

ties can result in loss of livelihoods and social networks,

hence creating new forms of vulnerabilities (Mendoza et al.

2025). Similarly, adaptation strategies that only emphasize

technical fixes without alignment with local values and

capacities can make invisible how communities interpret

risk, govern resources, and sustain socio-ecological rela-

tionships (Schlosberg 2007, 2012).

Addressing these epistemic blind spots is essential for

equitable and sustainable risk governance. Doing so

requires pluralistic and reflexive approaches that center the

voices, worldviews, and temporalities of those most

affected by hydrological extremes (Fricker 2007; Linton

and Budds 2014). These approaches highlight a shift to

justice-oriented and context-sensitive responses grounded

in diverse socio-environmental knowledges (Boelens 2014;

Zwarteveen and Boelens 2014; Sultana 2022).

To operationalize this shift, the paper is grounded on a

conceptual patchwork that links knowledge production to
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lived experiences of risk. We begin with situated knowl-

edges (Haraway 1988), emphasizing that understanding of

hydrological extremes emerge through embodied, placed-

based interactions with local ecologies. We then draw on

the social construction of risk (Beck 1992; Douglas 1992)

to show how these understandings are shaped by social

relations, power, and historically embedded inequalities.

Building on these perspectives, we expound on situated

risk (Boholm 2015) as the process through which risk

becomes meaningful and actionable within specific

hydrosocial contexts. Finally, we patch the concepts toge-

ther through operationalizing risk windows: moments when

hydrological change disrupts familiar rhythms of life,

revealing heightened vulnerability, varying impacts, and

epistemic limits.

We explore this conceptual patchwork through empiri-

cal engagement with riverine communities in the Peruvian

Amazon who live with the seasonal river regime—locally

known as vaciante (low water) and creciente (high water).

Our aim is to understand how local knowledge systems

evolve through ongoing, seasonal interactions with the

river, and how these knowledges are expressed through

stories and everyday practices that shape how risk is

anticipated.

CONCEPTUAL APPROACH

Situated knowledges

Situated knowledges foreground the partial, contextual,

and relational nature of knowledge production (Haraway

1988; Nightingale 2003). Knowledge is an iterative process

shaped through embodied encounters with the environ-

ment, social relations, and historical experience. In riverine

contexts, what counts as risk often emerges through sen-

sory, affective, and practical engagement with seasonal

rhythms—such as the timing of fishing, planting, or set-

tlement relocation. These processes unfold through every-

day practices in which past experiences inform present

interpretations and future expectations (Bickerstaff and

Walker 2001; Castro and Sen 2022).

While situated knowledges are inherently spatial, they

are also profoundly temporal. Temporality shapes how

communities perceive, anticipate, and respond to environ-

mental change, drawing on memory, cyclical patterns, and

seasonal cues (Berkes 2018; Ingold 2022). Risk is therefore

not only about what might happen or where but also when

and for how long (Douglas et al. 2003). Under conditions

of increasing hydrological variability, these temporal

anchors may become unreliable, destabilizing both liveli-

hoods and the epistemic foundations of what is considered

normal or predictable (Cannon and Müller-Mahn 2010).

Social construction of risk

Building on this temporal and spatial embeddedness, risk

can be understood as socially constructed rather than purely

objective. It highlights how cultural values, political con-

texts, and historical relations shape what is recognized as

risky and whose concerns are prioritized (Beck 1992;

Douglas 1992; Jasanoff 2004). A seasonal flood, for exam-

ple, may be framed by experts as a probabilistic hazard,

while local communities may understand it as part of a

broader socio-ecological rhythm (Langill and Abizaid

2020, 2025). These differences reflect distinct epistemolo-

gies and ways of knowing the world (Wynne 1996) and raise

critical questions about whose realities are made visible in

risk frameworks and whose futures are rendered invisible

(Barbosa et al. 2016; Wheeler and Root-Bernstein 2020).

Situated risk and risk windows

Bringing these insights together, risk becomes a dynamic

process shaped by routines, social relations, governance

structures, and environmental rhythms. While situated risk

has been widely applied in organizational and institutional

settings, it remains underexplored in human–environment

relationships where risks are deeply entangled with place-

based ecologies (Boholm 2003; Boholm and Corvellec

2011).

Within such contexts, we operationalize risk windows as

a temporal lens for understanding vulnerability and

uncertainty. Risk windows refer to periods when hydro-

logical events occur in ways or during times that disrupt

locally attuned cycles of activity—not only necessarily

because hazards are more intense, but because they happen

outside the interpretive and anticipatory reach of existing

knowledge systems. Risk windows were identified empir-

ically through expressed uncertainties with and mismatches

between expected and experienced timing of river-depen-

dent activities. These windows often emerge in transitional

phases, such as shifts between vaciante and creciente,

when established strategies falter and uncertainties become

acute. Risk windows thus capture spatial, temporal, and

epistemic vulnerability, highlighting moments when com-

munities’ capacities are stretched and when learning,

adaptation, and external support become especially critical

(Berkes and Ross 2013; Pelling et al. 2015).

MATERIALS AND METHODS

Case study areas

This study focuses on three riverine communities in the

Loreto region of the Peruvian Amazon: Bajo Belén,
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Tamshiyacu, and El Chino (Fig. 1). Each is located along a

different Amazonian river system and experiences seasonal

river level fluctuations. Bajo Belén is an urban settlement

located along the banks of the Itaya River. Residents

engage in fishing and farming as major activities.

Tamshiyacu, a semi-rural community situated on the banks

of the Amazon River, has a local economy based on small-

scale agriculture, commerce, and employment in municipal

services. In contrast, El Chino is a small and remote village

along the Tahuayo River. Livelihoods in El Chino largely

depend on artisanal fishing and the selling of handicrafts

made from pita fiber (chambira).

The communities were selected based on direct depen-

dence on rivers for activities such as fishing, agriculture,

and transport; previous experiences of droughts and floods

(Marengo et al. 2008; Marengo and Espinoza 2016; Bod-

mer et al. 2018); and the group’s existing collaboration in

the areas. Their differing geographies allow for compara-

tive insights into how situated risks are experienced and

navigated across diverse riverine settings.

Storytelling sessions and seasonal calendars

This research draws on two phases of fieldwork conducted

between May and June 2023 and again in the same period

in 2024. Our methodological approach was grounded in

storytelling, because of its capacity to foreground situated

knowledges—embodied, affective, and experiential

insights (Moore et al. 2005). During the first fieldwork in

20231 The research team facilitated 45 individual story-

telling sessions in total; the storytelling participants

included fisherfolk, farmers, mothers, and elders. These

sessions were guided by open-ended prompts that encour-

aged reflection on daily and seasonal practices, responses

to droughts and floods, and anticipatory practices in rela-

tion to the river’s seasonal rhythms. All sessions were

audio-recorded and transcribed by the fieldwork team. The

first author then conducted preliminary inductive coding

using Atlas.ti to identify recurring patterns from how river-

dependent activities were discussed in relation to season-

ality and uncertainty (Braun and Clarke 2006).

The open-ended prompts used to guide the storytelling

included:

• ‘‘How long have you lived here and what changes have

you observed in the river?’’

Fig. 1 Case study areas

1 2023 field research team was composed of the first author and co-

authors from the Universidad Nacional de la Amazonia Peruana

(UNAP); 2024 field research team was composed of the first author

and co-authors from the Instituto Geofı́sico del Perú (IGP) and

UNAP.
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• ‘‘What does your day-to-day look like?’’

• ‘‘When does the vaciante/creciente start and how does

your day-to-day change during this season?’’

• ‘‘How does drought/flood change your day-to-day?’’

Based on the initial analysis, the first author developed a

seasonal calendar that mapped key river-dependent activ-

ities (e.g., fishing, planting, access to potable water) across

the months of the year. This temporal mapping helped

identify gaps, for example, variation in planting calendars

for the same crops or ambiguity around when river levels

typically shift between vaciante and creciente. These

insights informed the development of semi-structured

interview questions for the second round of fieldwork.

During the 2024 fieldwork, seasonal calendars were

used in one-on-one interviews with the same community

members to expound on their monthly river-dependent

activities (Fig. 2). Participants were asked to elaborate on

their daily and seasonal activities and identify specific

moments in the year when anticipating changes were more

difficult than usual. This mapping supported a more

nuanced understanding of how the timing and intensity of

seasonal changes shape daily practices and perceived risks

(Nightingale 2003; Eriksen et al. 2015; Jackson 2025).

Risk windows were identified through a combination of

qualitative coding and temporal mapping. In Atlas.ti, codes

related to river dynamics (e.g., vaciante, creciente),

livelihoods, uncertainty, and impacts were examined

through code co-occurrence analysis. Periods in which

codes overlapped—where changes in river dynamics co-

occurred with impacts, uncertainty, or disruption of usual

practices—were interpreted as risk windows. The derived

risk windows were then cross-checked with the seasonal

calendars that were filled out during the interview sessions.

Juxtaposing hydrological data with stories of living

with river rhythms

The empirically grounded risk windows were examined

alongside long-term river level data, not to validate situated

knowledges, but to place lived experiences of uncertainty

within hydrological dynamics (Klenk et al. 2017). Daily

water levels at the ENAPU station along Itaya River

(1970–2023) and the Tamshiyacu station along the Ama-

zon River (1985–2023) were provided by the National

Meteorological and Hydrological Service of Peru

(SENAMHI), and levels from El Chino station along

Tahuayo River (2023) were provided by the Geophysical

Institute of Peru (IGP).

The climatology of daily water levels was determined by

the long-term average of the daily water level for the total

period. Minimum (maximum) water level anomalies were

Fig. 2 Sample of seasonal calendars
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determined by the difference between the annual minimum

(maximum) water level and the average of the annual

minimum (maximum) water levels for the total period.

The hydrological analysis offers a way of characterizing

river dynamics and hydrological extremes across the case

study areas. In contrast, the qualitative analysis and iden-

tified risk windows foreground community-specific expe-

riences. In this paper, we identify the vaciante and

creciente periods and the transition periods as indicated by

community members.

While hydrological analysis is effective in detecting

extremes in river levels, the situated knowledges articu-

lated through stories and seasonal calendars reveal how

droughts and floods are experienced differently across

livelihoods and places. Non-alignment between hydrolog-

ical classifications and community-defined seasonal

dynamics allows understanding of how droughts and floods

have different meanings within riverine communities

(Langill and Abizaid 2020, 2025). In the case study areas,

droughts can either be a prolonged, early, or extremely dry

vaciante, while floods can be a sudden increase of the river

level during either vaciante or creciente and prolonged,

early, or extremely high creciente (see Fig. 3) (Mendoza

et al. 2025). Bringing the hydrological and qualitative

analyses together expands understanding across scales

without collapsing epistemic difference or using situated

knowledges as benchmark for scientific knowledge (Linton

and Budds 2014; Klenk et al. 2017).

On divergent positionalities

This paper is co-authored by an interdisciplinary team of

researchers from the Philippines, Peru, the Netherlands,

Germany, and France, with academic backgrounds in

development studies, communication, environmental

science, hydrology, water governance, human geography,

and forestry. Our diverse positionalities and disciplinary

orientations shaped how we approached the research. The

research design—initially only focused on drought and

flood adaptation—evolved through iterative and reflexive

conversations with the communities which allowed us an

entry point grounded in multiple epistemologies (England

1994). The storytelling sessions highlighted that what

mattered most to participants were their lived, seasonal,

and daily interactions with the river.

The fieldworks were conducted during the creciente

period, nearing the transition period to vaciante, which

likely influenced the memories shared by community

members. This temporal positioning is important to con-

sider, as timing affects what stories are more readily told or

remembered (Behar 2022). It is possible that during the

fieldwork in 2023—before the drought impacts were more

pronounced—narratives related to vaciante were less

prominent due to seasonal salience.

RESULTS

This section is structured as follows: (1) hydrological

analysis highlighting the 2012 flood and 2023 drought as

extreme events in the Peruvian Amazon and (2) presenta-

tion of risk windows based on the community members’

lived experiences and seasonal activities.

Seasonal variability of water level and extreme

events

For the Itaya River at ENAPU station, the normal vari-

ability of water level defined by the climatology

(1970–2023) is around 7.75 m; the maximum and

Fig. 3 Illustration of the vaciante–creciente cycle and different types of droughts and floods. (The visualization of the mismatches is supported

by the storytelling sessions conducted from 2023 to 2024, and other research conducted in the Peruvian Amazon by Langill and Abizaid 2020,

Langill and Abizaid 2025, Mendoza et al. 2025)
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minimum levels occur on April 29 and September 15,

respectively. In the 2012 flood, the climatological maxi-

mum level was reached on March 13 (47 days earlier than

expected). Similarly, in the 2023 drought, the climatolog-

ical minimum level was reached on August 10 (36 days

earlier than expected) (Fig. 4a). Similar conditions were

observed at Amazon River in Tamshiyacu station, where

the normal variability of water level by climatology

(1985–2023) is around 7.36 m. For this station in the 2012

flood, the climatological maximum level was reached

49 days earlier than expected, and in the 2023 drought the

climatological minimum level was reached 33 days earlier

than expected (Fig. 4b). Meanwhile, at the El Chino station

on the Tahuayo River, the minimum water level in 2023

was 9.26 m lower than the maximum level (Fig. 4c). The El

Chino community members noted that the 2023 drought

was more intense than in previous years.

Fig. 4 a Daily water levels of the Itaya River at the ENAPU station comparing the climatological average (1970–2023) with the years 2012

(flood) and 2023 (drought); b daily water levels of the Amazon River at the Tamshiyacu station comparing the climatological average

(1985–2023) with the years 2012 and 2023; c daily water levels of the Tahuayo River at the El Chino station for the year 2023
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Fig. 5 a Annual minimum water level anomalies of the Itaya River at the ENAPU station (1970–2023); b annual minimum water level

anomalies of the Amazon River at the Tamshiyacu station (1985–2023), with the 2010 and 2023 drought events highlighted in red and blue,

respectively; c annual maximum water level anomalies of the Itaya River at the ENAPU station (1970–2023); d annual maximum water level

anomalies of the Amazon River at the Tamshiyacu station (1985–2023), with the 2012 flood event highlighted in green
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An analysis of annual minimum water level anomalies at

the Itaya River indicates that the 2023 drought ranks as the

sixth most severe event between 1970 and 2023. The water

level during this vaciante was 1.36 m above the historical

minimum recorded in 2010 and 1.72 m below the long-

term average (Fig. 5a). Similarly, at the Tamshiyacu sta-

tion, the 2023 drought was the third most severe event

since 1985, with water levels just 0.44 m above the 2010

minimum and 1.26 m below average (Fig. 5b).

In contrast, annual maximum water level anomalies

show that the 2012 flood was the most extreme event

during the period of analysis. At the ENAPU station, the

2012 creciente exceeded the average maximum by 1.57 m

(Fig. 5c), while at the Tamshiyacu station, it was 1.61 m

above average (Fig. 5d). These findings highlight the

increasing variability in river level dynamics.

Hydrological records define vaciante as occurring from

late July to early November and creciente from late

February to early June. However, across the three com-

munities, participants described different and overlapping

timings for both periods. The sections below unpack these

community-specific temporalities and the emerging risk

windows.

Bajo Belén

In a normal hydrological year, community members in

Bajo Belén identified that the vaciante period spans from

June to November, while creciente spans from December

to May. These identified periods can be contrasted to the

hydrological analysis that shows that maximum and mini-

mum river levels usually occur in April and September,

respectively. River-based activities in Bajo Belén are

intertwined with these two periods, shaping daily routines

and planning. These activities include agriculture, fishing,

fluvial transportation, house maintenance, and securing

potable water.

Agricultural decisions are closely synchronized with the

vaciante period, when receding water levels expose land

suitable for cultivation. These farms, located along the

Amazon River, typically require a 15- to 30-min journey

by boat from their community. During this period, typically

from June to November, farmers cultivate a range of crops

such as plátano (plantain), maı́ze (corn), yuca (cassava),

and coriander. The selection of crops is strategically

designed to secure continuous harvests and reduce expo-

sure to loss from river level fluctuations. While plátano is a

perennial crop that does not require replanting each season,

it remains vulnerable to hydrological extremes; for

instance, an unusually extreme vaciante reduces yield and

also complicates transport logistics, as low water levels

hinder movement of small boats from chacras (farms) to

markets in the city. Meanwhile, crops like maı́ze, yuca, and

coriander, which are replanted each season, are particularly

susceptible to shifts in the timing or duration of vaciante.

‘‘During creciente, there is more food (in the market),

because people from different areas bring their produce to

sell. It’s easier (for them to travel with their produce).

Right now in the market, there is plenty of fish, cassava,

plantains, and fruits,’’ Dan explained how the river

dynamics also influence the amount and variety of food

available in the market.

Fishing activities are similarly shaped by seasonal

hydrological rhythms. Most fishers also engage in farming,

resulting in a temporal division of labor that aligns with

river fluctuations. Fishing usually takes place during the

creciente period when river levels are high enough to

enable boat mobility and access to fishing areas. During

vaciante period, many parts of the river adjacent to the

community become too shallow or dry, principally

September and October, making fishing logistically

challenging.

Households have different sources of water that vary as

the river dynamics change—water pumps (during va-

ciante), bottled water (throughout the year), rainwater

(throughout the year), and river water (during creciente).

During vaciante, when pumps are not inundated by the

river, residents consider these pumps as sources of water.

To secure drinking water throughout the seasons, residents

also buy bottled water from neighbors and markets. The

prices of water also vary depending on factors such as

demand, and overall financial situation of the city (i.e.,

prices were higher and supplies decreased during the

pandemic). Several households also harvest rainwater for

cooking and washing clothes. Additionally, they also use

the river water during creciente for cleaning; if they want

to use it for drinking, they use chlorine tablets to purify the

river water.

The communities’ stories helped construct the risk

windows (see Fig. 6) which outlines the different activities

carried throughout the months. In a normal hydrological

year, two main risk windows emerge: April to June, when

water reaches its annual peak and flooding may occur; and

September to December, when low water levels constrain

transportation, agriculture, and water access.

Extreme events such as droughts or floods can shift and

intensify these risk windows. During the 2023 drought, an

unusually extended and severe vaciante, community

members reported declining crop yields, severe limitations

on fluvial transportation, and the accumulation of solid

waste along riverbanks due to reduced water flow. In

contrast, extreme flooding events like that of 2012 brought

rapid water level rise and prolonged inundation (sudden

and extreme creciente), undermining efforts to renovate

homes ahead of the creciente and leading to crop loss from

flooded fields. In both cases, the disruption was not solely
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due to the physical magnitude of the events, but to their

misalignment with expected seasonal rhythms.

Tamshiyacu

In a normal year, vaciante spans from June to November,

with May to June as identified transition periods, while

creciente spans from December to May. River-dependent

activities in Tamshiyacu include agriculture, fishing, fluvial

transportation, and access to potable water. The agricul-

tural system is spatially divided into zona baja (low-lying

areas) and zona alta (higher areas); each serves distinct

functions within farming cycles and is impacted differently

by river seasonality. This distinction is crucial, as crop

choices and vulnerabilities vary by location. Rice and

maize are cultivated in the zona baja and a mix of perennial

(plátano, cacao) and seasonal crops (pineapple, yuca) in

the zona alta. Farmers plant rice along the zona baja during

vaciante. Planting ranges from May to July, while they

harvest in September before the river level rises. ‘‘It has

just started to rain (late April), and it will last for five to six

months. In May, it will be time to plant rice, and we will

plant the rice in the muddy fields. When the water recedes,

mud remains, and that is where the rice is planted and

irrigated. In September, we will be harvesting rice. That is

how we work in the jungle; that is how this year ends and

the next year begins. Before, my parents worked just for the

sake of working. But now we have to find products that

grow faster,’’ Robin, a farmer in Tamshiyacu, explained

how their farming activities highly depend on the river

levels. While vaciante season offers fertile conditions for

planting, rice areas remain sensitive to sudden changes in

river levels. An unexpected rise in river levels (locally

called as repiquetes) can impact planting stages when seeds

can be washed away by the rising river and also during the

early growth stage. These sudden changes can lead to

reduced yields.

Fig. 6 Bajo Belén’s seasonal calendar
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Zona alta supports year-round cultivation of diverse

crops, providing both subsistence and supplementary

income. Farmers plant plátano (9–12 months before har-

vest), yuca (7–8 months), pineapple (3 months), and a

variety of vegetables. ‘‘My father plants yuca and plátano.

Yuca needs 8 months before you can harvest it, and for

plátano, it needs 1 year. We need to look for other crops

that can give us higher income and can be more produc-

tive,’’ Pablo shared about how their family continuously

looks for different types of crops to plant in zona alta to

generate higher income. Cacao is also cultivated in the

zona alta, with harvest times distributed throughout the

year depending on crop health and environmental condi-

tions. Farmers noted that while the zona alta is generally

less exposed to river fluctuations, extreme creciente events

can still inundate the area.

Fishing is practiced throughout the year, though com-

munity members report increased fish availability during

vaciante. They attribute this to the mijano, a seasonal fish

migration from forest lakes into rivers and streams, which

concentrates fish populations in more accessible water-

ways. However, residents have observed a decline in fish

catch and fish size in recent years. They attributed this

change to shifting river dynamics—prolonged creciente

and shorter vaciante periods—as well as increased river

pollution and ecological degradation from past flood

events.

Access to potable water is provided by the municipal

service that treats river water for household use. This ser-

vice is provided daily, usually between 5:00 and 9:00 AM,

and is free of charge after paying a minimal installation fee.

Residents noted that interruptions in service occur when

the municipality undertakes maintenance due to sediment

build up, typically after periods of high turbidity from

vaciante. While the system generally functions year-round,

some families choose to purchase bottled water as a sup-

plemental resource.

Community members identified two primary risk win-

dows: (1) May to June, marking the transition from cre-

ciente to vaciante; and (2) August to October, when the

river levels drop to the lowest of the year and the vari-

ability in river levels is perceived to be highest (see Fig. 7).

These periods are associated with heightened uncertainty in

relation to planting schedules, crop performance, and river

transport. A key source of unpredictability during these

windows is repiquetes—sudden rises in water level during

vaciante that can damage growing crops and disrupt the

timing of field activities in the zona baja.

These risk windows become even more pronounced

during extreme events. For instance, during the 2012 flood,

the river inundated not only the zona baja, but also parts of

the zona alta, resulting in widespread agricultural losses.

Rice fields in the zona baja were completely submerged,

while plátano in the zona alta remained underwater for

extended periods, reducing their productivity. During the

2023 drought, there was reduced window of opportunity

for planting and harvesting and exacerbated constraints on

water access and fluvial transportation.

El Chino

In a normal year, vaciante spans from July to October,

while creciente spans from November to June. River-based

activities in El Chino include fishing, fluvial transportation,

and access to potable water. Most men are engaged in

fishing activities throughout the year, although they note an

increase in fish catch during the vaciante period. However,

they have observed a decline in overall catch volumes and

a reduction in the size of key species—boquichico, palo-

meta, and sabaló—which serve as essential protein

sources.

Access to potable water in El Chino comes from dif-

ferent sources. One major source is the quebradas—small

streams accessible only by small boats. Residents take

water containers to these streams to supply their house-

holds. The second source is a solar-powered water tank that

draws groundwater and supplies water twice a week

(Tuesdays and Fridays). This water tank was installed by

the community members together with a partner Non-

Government Organization (NGO).

Fluvial transportation is crucial for accessing livelihoods

and social services for residents of El Chino. Fluvial

transportation allows access to healthcare facilities, trans-

portation of fish to nearby markets, traveling to quebradas

for water collection, and harvesting fruits from trees along

the riverbanks. The primary school teachers rely on fluvial

transportation to reach the community each week. Bigger

vessels similarly depend on the river to deliver supplies.

Fluvial transportation can also be significantly impacted by

seasonal variations in river levels. During the vaciante

period, although navigation remains possible, it can

become precarious. Boats frequently get stuck or damaged

due to submerged logs and vegetation. In extreme vaciante

conditions, some quebradas dry up or become less acces-

sible, requiring residents to walk considerable distances to

retrieve water. On the other hand, during extreme cre-

ciente, higher water levels generally facilitate smoother

transportation, especially for larger vessels.

Community members identified the risk windows from

October to February (see Fig. 8). During these critical

months, the community’s anticipatory capacities are stret-

ched, as evidenced by disruptions in fishing, difficulties in

water collection, and the increased vulnerability of nearby

farms.

These dynamics become even more pronounced during

extreme events. ‘‘The vaciante begins in July and (the river
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level) is usually low until October, but this year (2023) it

changed. In the past years, it has been normal from July to

October, and it has been as how we expected the river

levels to be. But this time it changed. In February it was

still low, about 3 m lower. We were used to the water being

30 to 40 cm or almost at ground level. But not this year,’’

Frederico a fisher and farmer described how their antici-

pated river levels were different in 2023. Drought condi-

tions in 2023 negatively impacted fish migration patterns

that resulted to significantly reduced fish catch and made it

more difficult to access potable water from the quebradas.

In search for fish, fishermen had to navigate long distances

upstream toward the pozas, a section of the Tahuayo river

where the depth can reach up to 7 m even during a drought.

Conversely, extreme flood can inundate the entire com-

munity. During the 2012 flood, rising waters submerged

houses. ‘‘Some years are normal, but there are some years

when we see changes. Not all creciente are the same. There

are some crecientes where there is just enough water, and

some where the water stays. In 2012, the river (level) got

very high, right where the chair is (pointed at the other

chair in their living room), and from that day something

has changed. From that flood until today, it has not hap-

pened again. The river (level) does not even reach our

(house) floor,’’ Frederico shared memories from the 2012

flood. He also emphasized that no vaciante or creciente are

the same; while the rhythms take place annually, its

dynamics and timing are different each year.

DISCUSSION

Situated risks in the different case study areas

For riverine communities in the Peruvian Amazon, risk is

highly context-specific, temporally sensitive, and

Fig. 7 Tamshiyacu’s seasonal calendar
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relationally constructed. The cases of Bajo Belén,

Tamshiyacu, and El Chino illustrate how risk perception

and response are shaped by the timing, duration, and cas-

cading impacts of hydrological events on agriculture,

fisheries, water access, and livelihoods (Matanó et al. 2022;

Valenzuela et al. 2023; Mendoza et al. 2025). For instance,

communities differentiate between a vaciante and a

drought, or between a creciente and a flood. These dis-

tinctions are based on how events intersect with daily

rhythms and the timing of key livelihood activities. A va-

ciante that arrives earlier or persists longer than usual can

severely disrupt planting cycles, while an early creciente

can inundate croplands or damage homes (Langill and

Abizaid 2020). These seasonal constraints illustrate how

environmental rhythms are embedded within broader

livelihood strategies and how disruptions to these rhythms

can cascade through interconnected subsistence systems.

A telling comparison emerges across the case study

areas. All of the case study areas are exposed to the same

overarching hydrological regimes—vaciante and creciente

cycles—yet the impacts of extremes such as the 2023

drought varied significantly. These variations reflect dif-

ferences in infrastructural provision, proximity to the river,

access to potable water, levels of market integration, and

the configuration of surrounding river channels. In Bajo

Belén, on the periphery of Iquitos City, the drought’s

impacts were most visible in compromised access to clean

water, increased water contamination from stagnant or

drying tributaries, restricted mobility due to shallow

waterways, and disruption to livelihood activities such as

market-bound fishing and farming. These effects were

exacerbated by the community’s reliance on small canoes

for transportation, lack of piped water infrastructure, and

spatial marginalization within the urban fabric of Iquitos

(Sax 2020). In contrast, Tamshiyacu, a semi-rural

Fig. 8 El Chino’s seasonal calendar
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community with stronger links to the Amazon River,

experienced the drought primarily as a loss of fishing

income. Local fishers reported that low water levels dis-

rupted fish migration patterns, limited access to usual

fishing spots, and increased the labor and fuel costs asso-

ciated with navigating to more productive zones. Here,

market-oriented livelihoods were more sensitive to changes

in fish availability and transport logistics. In El Chino, a

small community located along Tahuayo River, the effects

of the drought were acutely felt through reduced fish catch

and resulting food insecurity. Unlike Tamshiyacu, El

Chino’s economy is largely subsistence-based, with fish as

a primary source of protein. As water levels dropped and

fish availability decreased, households faced nutritional

stress, with limited alternatives due to their geographic

isolation, minimal access to markets, and reliance on the

river also for transport and domestic water use. The

absence of diversified food systems and external support

amplified the community’s vulnerability, underscoring the

entanglement of environmental and social systems in

shaping risk (Adger 2003; Adger et al. 2005; de Steen-

huijsen Piters et al. 2021). These cases show that risk is co-

produced through place-based interactions between com-

munities, institutions, and environments. Responses to the

2023 drought varied; in Bajo Belén, urban exclusion and

poor infrastructure deepened impacts; in Tamshiyacu,

market dependence increased vulnerability; and in El

Chino, geographic isolation and subsistence pressures

played a key role.

Degrees of temporal constraint and responsiveness

Across the case study sites, community members engage in

continuous observation of river conditions, particularly

during transitional periods between vaciante and creciente.

For instance, in Bajo Belén, farmers stagger the planting of

maı́ze, yuca, and coriander to align with expected water

level changes, reducing the risk of total harvest loss.

Fisherfolk similarly attune their practices to seasonal

hydrological rhythms: fishing in Bajo Belén intensifies

during creciente, while in Tamshiyacu and El Chino, fish

catch is more abundant during vaciante. Crucially, these

anticipatory practices are informed by locally defined risk

windows. In Bajo Belén, risk associated with low water is

most pronounced from April to June, while high water risks

peak between September and December. These windows

reflect situated temporalities or community-specific ways

of understanding and acting within time, shaped by

cumulative knowledge, affective cues, and embodied

relationships with the river (Bohle et al. 1994; Leach et al.

2010).

Across the cases, we observe that river-dependent

practices vary in their degree of temporal constraint. Some

activities—such as planting rice or renovating houses—

require precise timing in relation to river levels. If the

specific timing for response was missed, it can result in

significant material and livelihood losses. These practices

are strongly time-bound and rely on habitual practices and

memory (Nightingale 2017; Ingold 2022; Tran et al. 2025).

Other practices allow for greater temporal adjustment, such

as also having fruit trees instead of only relying on annual

crops or sourcing potable water from alternative locations,

which reflect a capacity to reconfigure timing in response

to changing conditions. Other activities, including fishing

and fluvial transport, are ongoing but demand continuous

responsiveness to sudden and unpredictable changes in

water levels, relying on improvisation and everyday deci-

sion-making (Castro and Sen 2022; Jackson et al.

2022, 2025).

These variations illustrate how communities navigate

uncertainty through multiple and overlapping temporal

orientations. It means that strategies have varying degree of

being tied to the river rhythms, and to how much room

exists for temporal negotiation. In this sense, adaptation

expands from a linear process of planning and control to an

ongoing practice of sensing, adjusting, improvising, and

responding within shifting river rhythms. This perspective

challenges dominant risk and adaptation frameworks that

privilege stability, predictability, and predefined response

options. Instead, it foregrounds the importance of under-

standing temporal orientations and the capacities of com-

munities to act within uncertainties by working with, rather

than against, changing river rhythms (Folke et al. 2002;

Adam 2008; Berkes and Ross 2013). Understanding

adaptation through the lens of situated temporalities and

risk windows highlights that sustainability demands sus-

taining relationships, practices, ways of knowing, and

knowledges that enable ongoing negotiation and improvi-

sation with change (Adger et al. 2011; West et al. 2020).

Reframing risk and epistemic justice through

highlighting local temporalities

A key theoretical contribution of this study is the articu-

lation of risk windows which are generated through

ongoing observation, memory, and interpretation. They

represent a temporally situated epistemology of risk, rooted

in the dynamics of local place-making (Cresswell 2004;

Massey 2005). From a situated risk perspective, risk win-

dows reveal how communities interpret uncertainty

through dynamic interaction with the river. While

Boholm’s original formulation focused on institutional

contexts, our findings extend the concept to socio-ecolog-

ical systems, illustrating how everyday practices such as

improvising fishing routes or timing house repairs are
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temporally dependent river rhythms (Ingold 2022; Tran

et al. 2025).

These windows also highlight the importance of tem-

poral attunement, the ability to perceive and respond to

change over time, as a core dimension of adaptive capacity.

In the context of climate variability and shifting baselines

(Scoones and Stirling 2020; Kreibich et al. 2022), such

attunement becomes essential to sustainability to enable

communities sustain life amid uncertainty. Risk windows

contribute to operationalizing epistemic justice in such

contexts by making visible how local temporalities shape

uncertainties and possibilities for different river-dependent

activities (Fricker 2007). Crucially, risk windows offer

actionable insights for climate governance. They present an

opportunity to bridge standardized early warning systems

with local knowledge by aligning alerts and interventions

with community-identified temporalities. Co-defining risk

windows with affected stakeholders into early action pro-

tocols could enhance the relevance and timing of warnings

(Marchezini et al. 2018; Sufri et al. 2020).

CONCLUSION

Dominant approaches to understanding drought and flood

risk frequently overlook the situated and socially embed-

ded nature of knowledge-making in local contexts. Policies

solely based on technical risk assessments may fail to grasp

complex and relational ways in which people experience

and respond to environmental change. In this study,

through the cases of three riverine communities in the

Peruvian Amazon—Bajo Belén, Tamshiyacu, and El

Chino—we explored how communities learn with the river,

and how different river-dependent activities are both spa-

tially and temporally situated. Through storytelling ses-

sions in 2023, and the use of seasonal calendars in 2024,

we identified risk windows—moments of heightened

uncertainties that stem from changing river dynamics that

disrupt normal rhythms of riverine life.

Our findings offer three key insights into situated risks:

(1) riverine communities learn with and depend on the river

in differentiated ways—ranging from farming and fishing

to house repair and water collection; (2) even minor

anomalies in river behavior—such as sudden level shifts or

altered seasonal transitions—can produce disproportionate

disruptions; and (3) situated risks enunciate varying

degrees of temporal constraints and responsiveness. Our

study points to several research recommendations that can

expand the understanding of situated risks and identifica-

tion of risk windows. These include (1) designing a longer

field-based method where the research group and the

community can co-create seasonal calendars that capture

salient memories on both vaciante and creciente, and (2)

using scenarios where community members can engage

with revisiting risk windows and potential new vulnera-

bilities and impacts in case of unprecedented extremes.
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