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ABSTRACT. We address the often absent “when” issues of governing shared rivers by focusing on timing and the challenges it creates
for transboundary water management. Using the Red River basin and Chinese-Vietnamese relations as an example, this study illustrates
how hydropolitical tensions are linked to the temporal scale. The politics of scale have been used widely in the Mekong region to critique
particular framings of transboundary water governance and hydraulic infrastructure. These critiques are often geospatial, with less
attention given to the temporal scale or the timing of water governance problems. The temporal scale is discussed in the Mekong region
with regard to changes in seasonality, particularly around the arrival of monsoon rains. However, the “when” of water governance is
not merely in response to natural phenomena; it is heavily mediated by social processes and infrastructure. The timing of infrastructure
operations in transboundary water governance is in many cases at the core of hydropolitical tensions and risk. In the highly regulated
Red River basin, the timing of hydropower operations and inherent temporal misfits create hydropolitical tensions across multiple
timescales from seasons to seconds. Cooperation attempts reflect these temporal scale problems and are focused on reducing
uncertainties around the timing of water governance processes. Drawing on insights from interviews in Northern Viet Nam, we analyzed
the tensions caused by timing across infrastructure lifecycles and the “when” of water governance in the Red River basin between

Yunnan, China and Northern Viet Nam.
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INTRODUCTION

This article focuses on the transboundary Red River basin (RRB)
shared by Yunnan, China (48%), Lao PDR (0.65%), and Viet
Nam (51.35%; Nguyenetal. 2018). The RRBis a heavily regulated
river with hundreds of hydraulic infrastructure projects. With
regard to hydropolitical tensions, unilateral infrastructure
construction on shared rivers has one of the most direct links to
increasing hydropolitical tensions and conflict (De Stefano et al.
2017). We seek to unpack this direct relationship between
infrastructure and hydropolitical tensions in the transboundary
RRB by attending to the politics of temporal scales. The timing
of infrastructure operations can escalate hydropolitical tensions
through shorter timescales such as sudden dam releases, and
problems like the lowering of the riverbed, which take place over
longer periods of time. We analyzed these challenges in the
transboundary RRB across six time scales; historical legacy;
seasonal shifts; day and night; hours; minutes and seconds; and
futures.

Water governance generally, and particularly in the Mekong
regionisnotjustspatial, itis spatial-temporal. The Mekong region
has a monsoonal climate, and the rivers have extreme variation
between wet and dry seasons with expected increases in both high-
flow and low-flow scenarios under climate change (Hoang et al.
2016). Additionally, the region is an epicenter of hydropower dam
construction, and the rivers are increasingly regulated. This is true
in the RRB and relevant to other transboundary water
governance arrangements in which new dam regulations disrupt
the timing of water availability and can lock in or constrain future
cooperation possibilities (Kdkénen and Nygren 2023). With
seasonally variable rivers and high levels of dam regulation, the
temporal scale and the “when” question of water governance is
extremely important.

The politics of scale is an important concept to analyze water
governance processes. The production of scale is an ongoing

process of reordering that is inherently political (Swyngedouw
1997). Scale is not a tool or a given but something that is actively
produced (Lamb 2014). Typically, the politics of scale are ignored
in decision making, or if engaged with, the analysis focuses on
trade-offs between sectors, such as water for food versus water for
energy production (Pahl-Wostl et al. 2021). When the politics of
scale are engaged with more deeply, the majority of the time it is
done so through a geospatial lens (Cash et al. 2006, Norman et
al. 2015).

Hydraulic infrastructure in river systems is often thought about
in spatial terms: edifices and pipes forming networks of a built
environment. These large-scale hydraulic infrastructures can
transcend spatial boundaries such as political borders and the
natural watershed through energy exports, water transfers, and
carbon credits (Hirsch 1996, Middleton and Allouche 2016,
Motta et al. 2025). Analysis of infrastructure typically focuses on
the “spatial dimensions of built environments at the expense of
the temporal dimension that gives it so much political power”
(Hetherington 2014:195).

Primary justifications and rationales for hydropower dam
construction are that the infrastructure alters the temporal scale.
Water is stored behind reservoirs for use at a later time, altering
the timing of water availability and function (Harris 2015). The
storage and release of water behind large dams also impact the
rate, duration, and frequency of the transboundary water (Cash
et al. 2006). Many of the controversial aspects of hydropower in
the Mekong region are caused by the disruption of the temporal
scale (Johnson 2024), i.e., the rupturing of rhythms in the
landscape of predictable agriculture cycles, fish migrations, and
flood pulses (Krause 2022).

With expansive dam construction, the river and those within it
become disentangled from the calendar as the riparian clock
clashes with linear oriented hydropower development (Johnson
2024). Conflicts in time have become seen as a crucial element to
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understand experiences of inequality (Bear 2016). The regulated
new river has rhythms of ebbs and flows that are based on rhythms
of electricity use far from the river itself (Johnson 2019). The new
river has aspects of both sudden risks from dam releases and of
slow violence as the landscape gradually declines in productivity
(Nixon 2011). Slow violence has been found to occur at both large-
scale and small-scale dam sites in the Mekong region as the
landscape is altered for energy production (Blake and Barney
2018, Dao 2025). This altered phenomenon has led scholars in
the Mekong to conceive of rivers as a powersheds rather than
watersheds (Fig. 1; Magee 2006, Middleton and Allouche 2016).

In addition to domestic infrastructure challenges, Yunnan
Province has built large-scale dams in the upstream and near the
border with Viet Nam. The proximity of the infrastructure means
that dam operations in Yunnan directly impact Northern Viet
Nam. If we are to better understand the direct links between
hydropower and escalating hydropolitical tensions, the analysis
needs to avoid treating the situation as a stagnant and completed
process, whether or not there is the spatial existence of a
commissioned dam upstream. If we examine the lifecycle of the
infrastructure across multiple timescales, we can see how these
projects impede cooperation and enhance hydropolitical tensions
through the disruption of predictable timing.

Infrastructure impacts time as much as it does space and is never
completed but instead is an ongoing process (Anand et al. 2018).
This approach to understanding the hydropolitical situation as
ongoing “shifts the focus back to how infrastructure is remade
and reshaped in a continual fashion, signifying its ‘temporal
fragility, and the ways in which it is generative of particular
configurations of people, power, and nature over space and time”
(Ramakrishnan et al. 2021:677). We add to the understanding of
infrastructure and conflict dynamics in transboundary rivers by
viewing hydropower dams as very much active processes that have
varying timing dynamics across the project’s lifecycle and
timescales that enhance uncertainty, risk, and hydropolitical
tensions.

If the temporal dimension is discussed in the water governance
literature, it is often with regard to historical legacy. Some aspects
of temporality are captured well in the concept of waterscapes,
which are co-produced by human and non-human elements over
time, typically looking at changes over years or generations (Venot
et al. 2007, Budds and Hinojosa 2012). The institutions and
governance arrangements in the Mekong region currently are
influenced heavily by governance arrangements under previous
empires, colonialism, Cold-War competition, the globalization of
neoliberal paradigms, and the rise of China (Fforde 2010, Biggs
2012, Sneddon 2015, Middleton 2022, Motta and Matthews
2017).

These infrastructure processes outlast the timescale of a human
generation. The projects can be designed to last over a century
with typically decades of surveying, designing, financing, and
construction leading up to commissioning, which is an early phase
in the lifecycle of a project. Take Hoa Binh dam (1920 MW) as
an example. Hoa Binh is referred to as Viet Nam’s “century
project” and was the first large-scale hydropower project Viet
Nam undertook on the Da River tributary in the RRB with Soviet
support (Ngoc 2019). The idea for the dam was formulated by the
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Fig. 1. Map of major dams in the Red River basin from
Nguyen et al. 2021.
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1960s with construction and resettlement starting around 1979,
and then took over 30 years to implement (Dao 2010). At the time
of writing, Hoa Binh is under construction for new additions and
a 480 MW extension project expected to be completed in 2025,
emphasizing the ongoing nature of dams (EVIN 2024). At the dam
site, there is a time capsule from the former USSR to the
Vietnamese people encased in concrete to be opened on 1 January
2100 (Anh 2020).

The reshaping of hydropower changes from 1960 to 2100, as does
how society relates to a project with many shifting promises of
large dams. Dams have been touted as a panacea for all problems
as the “multi-use” infrastructure of modernity. Dams are seen as
the bastion of modernity despite the Francis turbine being
invented in 1849, which remains essentially the same technology
and is the most widely used turbine in the modern world (IHA
2025). There are ongoing changes to the dam projectitself, societal
relations, and also the cumulative changes to the landscape
brought on by other infrastructures. Since the construction of
Hoa Binh, Viet Nam has approved more than 1000 hydropower
projects (Dao and Phuong 2014). In Viet Nam, with this
expansion of dams, the social perceptions of hydropower have
shifted dramatically over the decades (Dao 2017).

Infrastructure can be understood as paradoxical, with both
generative and degenerative properties (Howe et al. 2016).
Hydropower projects are proposed with aggressive optimism,
even though their social and ecological consequences are well-
established. Hydropower has been promoted to stop the spread
of communism and is a development pillar of all three communist
states in the RRB (Sneddon 2015). Dams have been claimed as
one of the most effective ways to cure poverty (IHA 2016) and to
cause it (WCD 2000), particularly for the most vulnerable
communities (Blake and Barney 2018, Golden et al. 2019).
Hydropower is said to mitigate risks, to enhance them, or create
new ones (Howe et al. 2016). Hydropower proponents argue for
the project’s ability to reduce floods, however in practice the dams
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are managed for energy production and maintain a high head in
the reservoir. This has led to “emergency releases” when
hydropower dams actually enhance floods (Kédkonen and Nygren
2023). The industry is responsible for ecological destruction and
the fragmentation of the world’s rivers (Grill et al. 2019) while
being couched as green energy, which underpins global climate
change policy (Motta et al. 2025).

Long after a dam is commissioned, communities continue to
engage with the infrastructure and in land transformation, which
intensifies nature-society changes (Mahanty et al. 2023). In the
RRB, this change does not happen as a one off resettlement but
has been shown to have multiple iterations of livelihood and land-
use changes over decades (Rousseau 2021). The changes in the
landscape also alter a dam’s maintenance and operations because
changes in land cover and economic activities have a direct link
toissues like reservoir sedimentation. Therefore, society and dams
are coupled in both abstract and operational ways over timescales
and lifecycles.

Attention to temporality gives us the full weight of
infrastructures in flux, and how they are mutually
configured by social relations over space and time
(Ramakrishnan et al. 2021:676).

If the project is viewed as in flux (Ramakrishnan et al. 2021) across
timescales and lifecycles, then it is not the mere material existence
of adam upstream escalating hydropolitical tensions. In this light,
hydraulic infrastructure can impact conflict and cooperation
dynamics even in their abstract or planning phase (Motta et al.
2023), financing (Motta and Koehler 2025), impact assessments
(Green and Baird 2020), subcontracting, construction (Mon and
Kean 2019), filling (Zaniolo et al. 2021), management (Baird et
al. 2020), flushing, maintenance (Barnes 2017), communications,
ownership (Ahlers 2020), decay (Mohamed et al. 2024),
retrofitting, removal (Hommes 2022), collapse (Souvannaseng
2024), and futures (Kékonen and Nygren 2023). Paying attention
to the temporal scale across the lifecycle of a project will allow
for a clearer examination of how and when infrastructure
enhances hydropolitical tensions.

Dams are imbued with ongoing contestations, symbolism, power,
and are also part of the everyday. A scalar strategy of the
hydropower industry is to manipulate the temporal scale by
emphasizing long-term benefits and downplay the rupturing of
shorter timescales due to their day-to-day operations (Pahl-Wostl
et al. 2021). The changes to the rivers from dam construction are
particularly visible at shorter timescales such as daily or hourly
water level fluctuations, which are often dismissed in modeling
studies in favor of longer-term data that attempt to link changes
in river hydrology to climate change (Cochrane et al. 2014).

In contrast, we highlight how infrastructure is raising risks and
tensions in shorter and medium-term timescales. To organize
these temporal scale problems and hydropolitical tensions in the
transboundary RRB, we used a scale-related diagnostic put forth
by Pahl-Wostl et al. (2021) in Scale-related governance challenges
in the water-energy-food nexus: towards a diagnostic approach. The
diagnostic assumes that governance in a transboundary river
system is inherently complex, and actors engage with the system
in multi-level and multi-scalar strategies (Pahl-Wostl et al. 2021).
The framework has been applied to other transboundary river
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systems, including the Mekong River and offers a starting point
to understand scale challenges in the RRB. This is the first
application of the diagnostic on the temporal scale specifically.
This approach to analyzing the temporal scale has utility in
understanding other transboundary water governance contexts,
particularly in rivers with high levels of infrastructure regulation
in which shorter timescales are significant.

Our study illustrates the linkages between hydropolitical tensions
and the temporal scale by examining Sino-Viet relations in the
Red River basin (RRB). We responded to the special issue call for
a focus on problems in water governance and contribute to a
deeper understanding of the relationship between hydraulic
infrastructure and conflict in transboundary rivers by examining
the timing of tensions. Our work is complementary to the
Geoforum article that focuses on downstream governance
responses in the RRB Fractured hegemony and Vietnamese
pragmatism in the Red River basin with some of the pragmatic
governance responses included as strategies in the scale analysis
(Motta and Koehler 2025). We illustrate the temporal problems
enhanced by infrastructure operations that many of these
pragmatic governance efforts by Vietnamese actors are
attempting to address. We focus on the problems of timing and
the active nature of infrastructure uncertainties. These temporal
misfits cause tensions across various timescales and create
challenges for transboundary water cooperation.

METHODS

Data collection

Interviews were conducted in Hanoi, Viet Nam and Lao Cai
Province, where the RRB mainstream forms the border with
Yunnan, China. Due to Covid-19, research and travel restrictions
unfortunately prohibited interviews in Yunnan. This caused the
study to be reframed focusing on downstream Vietnamese
perceptions of challenges in the RRB, and their actions to address
them. Forty-five semi-structured interviews with Vietnamese
actors were conducted through a snowball sampling approach
between 2022-2024 with the Ministry of Agriculture and Rural
Development (MARD), the Ministry of Natural Resources and
the Environment (MONRE), the Ministry of Industry and Trade
(MOIT), Viet Nam Electricity (EVN), the Viet Nam Committee
on Large Dams (VNCOLD), the World Bank (WB), the Asian
Development Bank (ADB), embassies, hydropower and energy
corporations, consultants, academics, and non-governmental
organizations (NGOs).

Ethical guidelines were followed and ethical approval was granted
from the author’s institution. Respondents were given consent
forms, options of anonymity, and the choice of whether the
interviews were recorded. A Vietnamese research assistant was
present for the interviews that were carried out in Vietnamese and
English, which typically lasted one to two hours. If any of the
interview topics were considered sensitive, they could be discussed
without any audio recording. The majority of interviews were
recorded, and notes were taken when recording was not permitted
before being transcribed and sent to a third party for translation.
In the coding process, we ensured the anonymity of the
interviewees could be guaranteed. The interview quotations have
been used in the analysis to directly highlight stakeholder
perspectives around water governance challenges and timing in
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Table 1. Timescales integrated with scale diagnostics adapted from Pahl-Wostl et al. 2021.

Time scale

Fit

Strategies

Interplay

Uncertainty

Historical legacies

Seasonal shifts

Day and night

Hours

Minutes and
seconds

Future

Hydrology and infrastructure
design based on antiquated data
and models of a past river without
upstream hydropower

Hydrograph is shifting further into
the calendar year, enhancing and
extending drought in the dry
season

Water retained during the day and
released during peak energy
demand, often in the evening

Set hours of the day for data
sharing not related to dam releases

Non-real time data are too slow for
urgent risk response

Wicked infrastructure and
uncertainty around planned
infrastructure

Attempts to monitor and measure
Yunnan’s hydropower operations
via satellite. Informal cooperation
within the hydropower sector

Further investments in hydraulic
infrastructure to compensate for
failing irrigation systems

Efforts to gain closer to real time
data and increase water efficiency
in irrigation systems

Improved communication and
early warning systems

Al to speed up numeric
calculations of floods

Viet Nam attempts to reduce
reliance on transboundary water
and enhance early warning systems

Transboundary cooperation locked
in to flood season coordination,
despite increases in drought.
Institutional silos domestically

Tough fights between sectors on
operating dams for agricultural
production amidst large energy
losses

Interprovincial coordination
necessary

Urgent responses necessary, rapid
communication and resettlement of
people from the RRB’s riverbanks

Horizontal coordination
committees and 24-hour hotline
from the border to the provinces
and capital

One-off Yunnan dam releases,
cooperation diplomatic in nature,
lacking meaningful

No formal cooperation or data
sharing around hydropower
operations or the enhanced dry
season

Saltwater intrusion and extended
droughts render infrastructure
systems to decline or fail

Water availability during the day
and night is heavily influenced by
dam operations

Speed of water is rapid and
challenges disaster response times
particularly at night

Perfect storm: rain across the RRB
when reservoirs are full, disaster
potential for hydropower enhanced
floods or dam collapse

Concerns of interbasin transfers,
aging infrastructure, and a
continually lowering riverbed

hydrodiplomacy

the RRB. The quotations used are the most illustrative and are
consistent with responses we received across a wide range of
stakeholders.

Data analysis

Interviews were coded in the software Atlas.ti for challenges
around timing. Interviewees were asked questions to establish a
historical timeline and to envision the RRB and the Sino-Viet
hydropolitical relationship in 2040. In addition to the past and
future, shorter timescale challenges and issues around seasonality
were common responses. These temporal challenges were then
grouped into six timescales and integrated into the scalar
diagnostic from Pahl-Wostl et al. (2021) that identifies four scale
related governance challenges (scalar fit, scalar strategy,
institutional interplay, and scalar uncertainty). A table of the
overlaps between the timescales and scalar diagnostics is provided
below in the results section as a visual reference alongside a deeper
analysis of each of the timescales (Table 1). These timescales are
analyzed in turn, and the ramifications of these findings are
posited in the discussion section.

THE PROBLEMS OF INFRASTRUCTURE AND TIMING
IN TRANSBOUNDARY WATER GOVERNANCE

To examine the temporal scale problems and hydropolitical
tensions in the transboundary RRB, we advanced Pahl-Wostl et
al.’s (2021) diagnostic framework on the four core scale-related
challenges. Findings from interviews in Viet Nam highlighted the
actors’ perspectives across all four core scale-related challenges.
To unpack the various issues with timing, we incorporated six
timescales to the scale diagnostic: historical legacy; seasonal
shifts; day and night; hours; minutes and seconds; and futures.
This approach disaggregates the types of infrastructure-enhanced
problems at different timescales.

Historical legacies and fixed processes in the Red River basin

In Viet Nam, there have been investigations into the
environmental governance of early civilizations (Goscha 2016),
dynastic rule (Phung 2017), colonialism (Ross 2023), and how
these colonial processes became embedded in water engineering
and nation building efforts under American occupation (Biggs
2008) and post-colonial nation building activities later aligned
with and supported by the Soviet Union (Pike 2020), the post-
cold war era (Fforde 2010), and the shift from socialism to
bureaucratic capitalism (Benedikter 2014). Water institutions and
policies in the RRB have evolved over decades with support from
development banks and donors, often disconnected from the
existing governance regimes (Molle and Hoanh 2009). These
periods are connected processes that did not succeed or fail based
on ideologies, but because they could not escape the landscape,
context, and politics that had been shaped by previous governance
regimes (Biggs 2008).

Viet Nam’s management of the RRB has been heavily influenced
by the Soviet Union. The Soviet legacy is characterized in water
institutions by interplay that is siloed in a hierarchical culture with
limited horizontal coordination (Sehring 2009). The Soviet
historical legacy is not limited to institutional design but also to
hydropower construction and expertise. The first large-scale dams
in the RRB, including the 1920 MW Hoa Binh Dam were carried
out with Soviet engineering, design, machines, technical
equipment, materials, and support from technical experts
(Bogachenko et al. 1991).

Hoa Binh construction began in 1979 and took over a decade to
complete, with the single project accounting for half of all energy
production in northern Viet Nam in 1990 (Bogachenko et al.
1991). Hoa Binh was the largest dam in Southeast Asia at the time
and provided crucial flood prevention for the capital Hanoi,
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though this had engineering trade-offs between hydropower
operations and existing dike systems downstream (Hirsch et al.
1992). This is an example of a wicked infrastructure problem in
which the addition of hydraulic infrastructure compromises
existing structures, a process that continues in the RRB at present
(Motta and Koehler 2025).

With regard to hydropower, this time period was when many of
the dams in the RRB’s Da River were planned and designed with
Soviet support and with approval from the Vietnamese
government (Interview 11). The calculations conducted to
manage the cascade of dams in the Da River for flood control
were set, and these thresholds are very difficult to change
(Interview 8). These designs for dams and for flood control used
by Viet Nam were done prior to dozens of large-scale dams being
constructed upstream in Yunnan Province (MERFI 2024). This
created a historical legacy scalar misfit in which flood calculations
and dam designs were based on a past free flowing river.

The retreat and eventual fall of the Soviet Union left Viet Nam
alone to fight the Sino-Viet War after China launched a land
border invasion in the RRB in 1979, known as the border war in
Viet Nam (Zhang 2015, Ngo 2021). After high levels of conflict
in the RRB, China and Viet Nam began to normalize relations
in the 1990s after the fall of the USSR (Zhang 2015, Ng6 2021).
The shared 1400 km land border, partially formed by the RRB’s
mainstream was demarcated after the conflict in 1999 (Xiaosong
and Womack 2000). Chinese-Vietnamese relations are
characterized by top-down diplomacy and high-level leadership
visits, which have been occurring annually since the 2000s
(Nguyen 2015). Although these are examples of state-to-state
diplomacy, this can be misleading because it is arguably the party-
to-party interplay, which goes back to the founding of both
countries, that is the most crucial (Goscha 2016).

However, this formal cooperation between party states obscures
other forms of polycentric diplomacy happening at multiple
scales and in less formal ways. Yunnan Province took the
diplomatic lead in the Greater Mekong Subregion (GMS)
program starting in 1992 and frequently represented the central
government while collaborating on infrastructure projects and
connectivity with Vietnamese counterparts (Ho 2014). During the
2000s—-2010s, there was a rapid roll-out of hydropower on both
sides of the border in the RR B, accelerated by Clean Development
Mechanism subsidies (Urban et al. 2018, MERFI1 2024, Motta et
al. 2025). The informal interplay between Viet Nam and Yunnan’s
hydropower industry is robust, and the cooperation predates
Hanoi and Beijing reestablishing formal diplomatic relations.

Hydropower corporations and actors on both sides of the RRB
were not only familiar with each other, but also studied together,
collaborated on research and development projects, were
members of the same organizations such as the International
Commission on Large Scale Dams (ICOLD), and contractually
worked together on hydraulic engineering projects from design
phases to equipment sourcing (Interviews 5, 8, 18, 19; Ho 2014,
Motta and Matthews 2017). Yunnan’s premier hydropower design
institute successfully won bids for large-scale hydropower projects
within Northern Viet Nam as early as 2002 (Summers 2013). By
2014, it was estimated that up to 90% of Viet Nam’s dam
equipment comes from Chinese hydropower companies (Lamb
and Dao 2017).
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If assessing cooperation or lack thereof merely through Hanoi to
Beijing relations, one would miss the deep historical legacy of
cooperation within the hydraulic engineering community and in
the border regions of the RRB. The Yunnan-Viet relationships
are solid and survive regardless of diplomatic fallout between the
two nation states. This complicates the cooperation picture
because rather than elite party-to-party politics, the relationships
and knowledge necessary to improve real-time or near real-time
transboundary water management exists in the very industry that
is causing all of the temporal disruptions.

A formal cooperative agreement for data exchange during the
monsoon season in the RRB between China and Viet Nam was
reached in 2009. The 2009 agreement does not entail any data
exchange around dam designs, locations, operations, or future
infrastructure plans. Prior to the use of satellite technologies,
which can provide Viet Nam with some of these hydropower
details, information on dams upstream came to Viet Nam via
these relationships with Yunnan counterparts in the hydropower
sector, not through official state-to-state channels with Beijing
(Interview 5). With advancements in technology, this information
is acquired via satellite from monitoring Yunnan’s dams, a
strategy that is pervasive across agencies and institutions
(Interview 42; Vu et al. 2023, Motta and Koehler 2025).

Seasonal shifts

Transboundary cooperation and interplay mirror historical
legacies around flood prevention in the monsoon season. China
and Viet Nam exchange data on the RRB only five months of the
year from 15 May to 15 October (Interview 16). The river bed,
water levels, and flood pulse have dropped significantly over the
past 20 years, with water levels in Hanoi hitting century level lows
on multiple occasions during the dry season (Interview 11). The
severity of the drought level is beyond any lived experience in the
RRB, and the low water point is shifting later into the dry season.
The low flows in the dry season also have quality concerns because
salt water intrusionis reaching deep inland in the RR B (Interviews
8, 9). Despite many actors stressing the importance of drought
risks and the need for data sharing during the dry season, there
is no formal cooperation, and only sporadic interplay during this
time.

If we have to compare between the two seasons, then the
datain the dry season is more critical, much more critical.
What is it? But they say, OK, we only provide the data
in the wet, which is better than before, but it’s been far
from expectation (Interview 30).

The duration of droughts is elongating in the RRB. Additionally,
the RRB’s minimum value or lowest recorded level is temporally
occurring later and later into the calendar year. The minimum
value was previously recorded in January or into February, but
now the minimum value is creeping up the calendar into March
(Interview 11). As the monsoon comes off the Himalayas and
moves east, Yunnan receives rain before Northern Viet Nam
(Interview 17). One of the reasons the dry season is elongating
and moving a month further into the year is because at this time
Yunnan is filling over 50 large-scale Chinese reservoirs upstream
(MERFT 2024).

These temporal changes are not just comparisons between wet
and dry seasons but are instead pendulum swings outside of
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recorded ranges enhanced by dam operations. In the dry season
when the river levels are low, the dam operations create high levels
of variation, which impacts the irrigation systems’ ability to
pump, and this erodes the riverbanks (Interview 19). One of the
strategies to compensate for failing infrastructure systems is to
install further infrastructure, creating a wicked infrastructure
cycle in the overbuilt RRB.

These temporal uncertainties pose serious challenges to
agricultural planting and harvesting cycles. The changes also
create unpredictability for Vietnamese dam operations. Formal
cooperation around these temporal challenges and exchanges
around dry season data or dam operations are absent. It is not
the overall quantity or quality of water that are the primary
downstream concerns, but often the timing of transboundary
water.

A short-term change in the amount of water coming from
China does not significantly affect the operation. Long-
term changes such as seasonal or monthly changes do.
That is the information we need... the time and process of
water flowing into Viet Nam changed. The total amount
of water running into Viet Nam hardly changes. The
water regime does. This is our concern (Interview 19).

Day and night

Hydropower dams release water based on peak energy demand.
This has led scholars to analyze these river systems not as
watersheds, but instead as powersheds in which flows are based
on dam releases for distant energy transfers (Magee 2006,
Middleton and Allouche 2016). The hottest time of the year takes
place in the dry season when water availability is low and energy
demand is highest. Within a given day, the timing of peak energy
demand often occurs in the evening when people come home from
work.

The peak hour for electricity demand is from 5 pm to 10
pm. All the hydropower plants are the same. Additionally,
you have to account for the time water flows from China’s
hydropower to Viet Nam (Interview 16).

Water is released after the end of the workday to produce
electricity, and then there is the time it takes water to flow
downstream before it can be pumped up by irrigation systems.
There is also a one-hour time zone difference between Yunnan
and Northern Viet Nam because even though China crosses five
global time zones spatially, all of China operates on Beijing time.
This means during the daytime, when farmers would be tending
crops, dams retain water for use in the evening (Interview 8). Later
at night, well after dark when the energy demand has declined,
hydropower dams only operate a single turbine to maintain a
minimum flow (Interview 9). Water availability within a single
day is significantly dictated by evening energy demands and
infrastructure operations. With less reliable day time water levels,
a strategy for Viet Nam has been to focus on increasing water
efficiency in these irrigation systems (World Bank 2019).

Hours and non-real-time data

Vietnamese actors have to account for the time it takes water to
flow downstream from China’s reservoirs, but the 2009 agreement
and the formal cooperation around data exchange do not
(Interview 16). Sharing of river levels occurs at preset hours and
is not shared with any relation to the timing of dam operations.
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Currently, they provide us with hydrological data at their
hydrographic stations every 6-8 hours (only during the
flood season). The frequency of every 6-8 hours is not
enough to update. Only when we have hourly-updated
data can we promptly respond to floods. This data is
provided in fixed time frames such as 12 AM, 6 AM, 12
PM, and 6 PM; not according to the time China releases
the flood (Interview 4).

Sharing changes to river flows on a preset o’clock creates temporal
misfits and unnecessary stresses. Red River basin water levels are
communicated internationally at prescribed times of institutional
interplay that are divorced from hydropower operations. This
creates a non-real-time data exchange that enhances risk through
timing. If data were shared at 6 PM and energy demand in Yunnan
increased sharply at 7 PM causing a number of hydropower dams
to release water, this would not be captured in the exchange.
Yunnan would not communicate again until midnight. Viet Nam
would only be aware of the impending flash flood waters after
they already went over the border and were picked up at the
hydrological station in Lao Cai Province, a strategy to collect real-
time data around the clock. This creates a weak non-real-time
data exchange as the pinnacle example of transboundary
cooperation in the RRB.

Compounding this issue is that the magnitude of the dam releases
is much higher and moving at a faster pace once the released water
reaches the border station than perceived and communicated by
Yunnan (Interview 11). For example, Yunnan communicated a
dam release and the mainstream flow increasing by 2 m, but by
the time that dam release gains momentum from other tributaries
downstream it can more than double that surge once it enters Viet
Nam (Interview 16). This temporal misfit means a 4-5 m surge
of water could silently and swiftly be moving downstream. This
can be dangerous for Vietnamese response times because they
have a shortened timespan to react and resettle villagers from the
banks of the river. This is particularly dangerous to try and move
villagers in a timely fashion at night, when people are more likely
to be asleep (Interview 16).

Minutes and seconds

Minutes and seconds are heavily valued in terms of response times
and limiting risk for downstream Viet Nam. With the high levels
of upstream uncertainty, these condensed timescales become
critical to the rate in which actions can be mobilized. With regard
to Viet Nam’s downstream pragmatism (Motta and Koehler
2025), thisis also the timescale in which there are multiple strategic
investments in hard and soft technologies to manage risk response
in the RRB in a more timely fashion.

This is especially the case for Lao Cai’s institutional interplay
because the province is the first point of communication for issues
on the RRB mainstream (Thao River). Due to a variety of
geographical features, the Thao River is not well suited for
hydropower, and the mainstream is undammed on the Vietnamese
side of the border. This means Lao Cai is critical for
communicating to provinces downstream quickly and is investing
in technologies to speed up their rate of response.

Lao Cai province has mobilized multiple sources for
capital to equip all automatic monitoring systems to
improve monitoring quality, ensure continuity and
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timeliness in monitoring activities. It takes about 10 to
60 minutes to get results. In the past, it had to be done
all by human power (Interview 16).

Automatic monitoring is a benefit for Viet Nam nationwide and
for the capital Hanoi. Temporally, non-automatic monitoring
requires someone to check the report before issuing the
information causing prolongation. However, although this
approach helps lower risks downstream, it does not alleviate the
stress on the provinces in the border regions, which are reporting
and receiving the alerts simultaneously. These improvements in
monitoring are positive in reducing risk for the RRB on the whole,
but these benefits do not accrue evenly.

It took the flood only a few hours to reach our country,
which was swift. It only takes about 4 hours from the
reservoir close to the border to Viet Nam. It takes about
48 hours from Muong Te to Hanoi, then we can react.
But it is difficult for the provinces near the border to
prepare (Interview 11).

When Lao Caidoes receive urgent alerts from Yunnan in advance,
the formal cooperation goes through official channels and there
can be delays (Interview 14). This is because the notification from
Yunnan is first made in writing and then has to be sent over and
work through Lao Cai’s Department of Foreign Affairs (DOFA;
Interview 11). Once it is in the DOFA system, it can be quickly
communicated to other Vietnamese departments and is sent out
in only a few minutes (Interview 15).

Hanoi is on the receiving end of the data and alerts from the
border provinces and is attempting to reduce their response from
minutes to seconds. After receiving a notification, the capital
needs to process the information and attempt to model out the
risks posed. One of the goals of this modeling is to reduce
agricultural damage. With dam releases and floods, the time spent
in processing the information from the borders is critical and is
being reduced with investments in Al and machine learning to
reduce response times from minutes to seconds.

Numerical versus machine learning’s main difference is
the timing of inundation. Numerical takes half an hour,
whereas the machine brings it to 2 seconds (Interview 38).

Red River basin futures

The future interplay in the RRB and the outlook for
improvements in transboundary cooperation is not viewed with
optimism by Vietnamese actors due to the historical legacy. The
Mekong River Commission (MRC) was often cited as an example
of pessimism for improvements in cooperation in the future
because China has declined to become a full member after decades
of involvement (Interview 15). Formal RRB water cooperation
is based on limited data exchanges for less than half the year.
Although this data is better than nothing, the cooperation is
superficial and characterized by the Vietnamese saying of “willing
speech, unwilling heart” (Nguyen 2015).

Future infrastructure plans for the RRB are not discussed
between China and Viet Nam, adding uncertainty. Future
infrastructure plans and the possibility of interbasin transfers in
the RRB are a looming concern for Viet Nam (Interviews 22, 39,
48). China has constructed interbasin transfer megaprojects on
rivers domestically, and there are fears of even more infrastructure
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coming online upstream. Beyond just sharing limited data a few
times a day at preset times, meaningful cooperation would be
long-term and include discussions of future infrastructure
planning.

Institutional interplay, both on a state-to-state level and also in
new platforms such as the Lancang Mekong Cooperation (LMC),
are perceived to be diplomatic in nature and lacking water
expertise. The formal cooperation is handled through foreign
affairs ministries, in which hydrodiplomacy becomes
deprioritized in arenas that also include security issues and trade
(LMC 2024). The decision-making arena is outside of the basin
in Beijing and has many non-water issues and state interests at

play.

DISCUSSION

This study illustrates the role of the temporal scale in
infrastructure enhanced hydropolitical tensions in the
transboundary RRB. The many timing challenges often linked to
infrastructure operations identified by Vietnamese actors in the
RRB create temporal misfits and high degrees of uncertainty. In
many cases, it is these uncertainties caused by scalar misfits that
are the building blocks of hydropolitical tensions even without a
catastrophic event or open conflict. Yunnan and Viet Nam have
avoided a sudden catastrophic event such as a transboundary dam
failure and collapse with loss of life (Baird 2021). However, even
though catastrophe has thus far been avoided, these infrastructure
uncertainties still create sudden risks and associated anxiety and
concerns in the day-to-day governance of the RRB.

There are slow and incremental aspects of increasing risk in the
RRB. These happen alongside non-incremental and urgent
governance problems for Vietnamese actors in which short
timescales are crucial. There are challenges in the RRB that have
aspects of slow violence, for example the gradual lowering of the
riverbed due to sediment retention behind dams and sand mining
that happens without much spectacle (Nixon 2011). In addition
to elongated processes around infrastructure construction and
the slow violence that can be associated with hydropower in the
Mekong region (Blake and Barney 2018, Dao 2025), this study
shows how infrastructure enhances transboundary tensions at
much more condensed timescales.

In the RRB, downstream Viet Nam is not anti-dam and has built
a greater number of dams of much larger magnitude compared
to Yunnan Province. Viet Nam is also both an upstream and
downstream state in how it conducts itself in transboundary
relations. Viet Nam does not appear to be against working with
China to develop hydropower in the RRB and has collaborated
to do so (Lamb and Dao 2017). Our findings suggest it is not the
presence of Chinese dams upstream that is causing hydropolitical
tensions, but the uncertainty brought about by the hydropower
projects’ disruption of the temporal scale.

The importance of these often-ignored timescales and differences
in day and night-time water releases or how many hours it takes
for a dam release to reach a riverside community underscore the
immediacy of the governance problem. Similar to spatial
strategies, the hydropower industry likes to scale up benefits and
scale down the costs (Lebel et al. 2020). Hydropower proponents
focus on increases in water availability in the dry season while
downplaying the shorter scalar impacts of day-to-day dam
operations (Pahl-Wostl et al. 2021).
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The importance of condensed timescales in transboundary water
governance is clearly reflected in Viet Nam’s downstream
pragmatic strategies. These strategies entail costly investments in
technology and human resources to improve their knowledge and
response times within shorter timescales. Continuous hydrologic
monitoring stations, 24-hour hotlines, Al accelerated models for
flood damages, rapid communication, and resettlement of RRB
residents exemplify the timely nature of these tensions and risks
(Motta and Koehler 2025).

In addition to hydrological risks, Viet Nam is vulnerable to trade
sanctions and although there are suspicions of Chinese coercion
happening behind closed doors, on the whole the relationship is
moving in a positive direction toward greater integration and
increasing trade (Oh 2023). With regard to trade, the Ministry of
Agriculture and Rural Development (MARD) needs to maintain
vital open market access for agriculture exports to China. The
same ministry at times needs to request water releases in the dry
season and is interested in obtaining improved water related
information and cooperation from China. Put another way, what
is the point of requesting water releases from Yunnan’s dams from
your Chinese counterparts to grow agricultural products, if the
finished products cannot go back over the border to be sold?

The Ministry of Agriculture and Rural Development has a
working relationship with their Chinese counterparts, one that
could even at times be considered cooperative. However, the issue
of water quantity or quality in the RRB may be usurped as a top
priority issue for the agriculture focused ministry. China is the
most important market for Viet Nam’s agricultural exports, and
similar to the formal hydrodiplomacy, water can become
deprioritized by trade even within the agricultural ministry. In
this light, it is broader political economy considerations rather
than the RRB’s hydrology that is guiding transboundary water
governance decisions (Woodhouse and Muller 2017). These
transboundary water requests are also very time sensitive; MARD
has to request water releases from dams upstream when levels are
low and also needs to request Yunnan not to discharge when the
rice is still planted. These shorter timescale communication and
coordination needs in the RRB are not realistically in line with
the Ministry of Foreign Affairs’ (MOFA) longer-term strategies
and are best handled at a lower administrative scale within the
basin.

Improvements in transboundary cooperation in the RRB would
need to include joint infrastructure management sensitive to the
temporal scale (Hecht et al. 2019). This would mean coordination
of hydropower dams that are currently constructed, particularly
near the border. This would entail an agreed-upon power
generation schedule. Rather than elite party politics between
capitals or MOFA, this coordination capacity and relationships
required reside within the hydraulic engineering community in
Yunnan and Northern Viet Nam. The Ministry of Foreign Affairs
could assist in providing legal permissions to share relevant RRB
information because there are still concerns at lower
administrative levels over breaking national laws and not being
allowed to discuss water openly because it is considered a state
secret. The agreement would need to be imbued with trust and
some level of accountability because even agreed upon dam rules
are frequently overridden in times of risk and fall victim to ad
hoc political decisions (Molle et al. 2024).
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Water administrators are gatekeepers of data, and they decide
what counts and what to leave out (Molle et al. 2024). They also
decide when to communicate. In the case of the RRB, the dry
season is left out and the timing of hydropower operations. This
is not a coincidence; in the dry season the river flows are low and
variability in the river is more dramatically influenced by dam
releases. Scheduling and coordination should not be limited to
set times of year but should be continuous and fill a much-needed
cooperation void in the dry season. The seasonality of
cooperation and data sharing continues to be based on historic
flood risks, and although this is important, there is a pressing
need for cooperation around drought management.

There have been improvements in data sharing from China in
recent years, which assists in cooperation and reducing the
politicization of hydrologic data, however this still does not
include data on infrastructure operations or plans (Griinwald et
al. 2021). This has been assisted by a slow normalization process
in Viet Nam to more openly discuss and study the politically
sensitive impacts of hydropower (Dao and Phuong 2014, Dao
2017). By opening up the temporal scale of analysis across the
hydraulic infrastructure lifecycle, the presence of a dam upstream
can be unpacked into more detailed analyses to formulate what
creates hydropolitical tensions in transboundary rivers. The
infrastructure operations, communication, maintenance, and
inability to accurately plan for the future are all different points
of contention.

The problem with wicked infrastructure and the lowering of the
riverbed is a process that keeps getting worse year after year. This,
in combination with aging dams, could bring about discussions
of sediment transport, dam removals, and managing the entire
lifecycle of hydraulic infrastructure (Hommes 2022). Although
many of the large-scale projects have decades left in their
lifecycles, there are hundreds of smaller projects, often privately
owned, that dot the landscape of the RRB and are of varying
quality. It is the coordination of the myriads of dams across the
landscape that induces fears of a perfect storm in which the timing
of a rain event occurs outside of the typical monsoon cycle when
dam reservoirs are already full. This disaster scenario in which
filled dams become overwhelmed by badly timed precipitation
could lead to dam enhanced floods, dam failures, or cascading
chains of dam collapses in the future. For the current generation
of water managers in the RRB, these transboundary
infrastructurerisks are not gradual or futuristicand are very much
present.

CONCLUSION

We expanded on the often-missing problem of timing in
transboundary water governance by examining the relationship
between infrastructure and hydropolitics through the analysis of
the temporal scale. The transboundary governance of the RRB
is locked in to data from a past river and has limited flood season
only cooperation. The infrastructure is creating longer-term risks,
particularly with regard to sediment. However, there are many
more condensed timescales and changes to the water regime in
which losses occur and tensions arise. It is not the mere material
presence of hydropower dams upstream that raises hydropolitical
tensions, but the disruption of the temporal scale and increasing
uncertainties for downstream Viet Nam. The sensitivities to
timing of infrastructure operations within a single day point to
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the need for a more constant and embedded cooperation between
Viet Nam and Yunnan Province. The timescales involved make
diplomacy with Yunnan actors a much better fit, rather than
navigating the interplay of high echelons of elite politics with
Beijing through foreign affairs ministries in which hydrodiplomacy
gets lost amid multiple diplomatic agendas. Attention to the
temporal scale of transboundary water governance is crucial in
understanding what creates a hydropolitical tension. Cooperation
efforts and investments to shorten timescales and reduce
uncertainty reflect the importance of timing in hydrodiplomacy
and the transboundary governance of the Red River basin.
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