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ABSTRACT

Effective streamflow monitoring networks are crucial for flood mitigation planning and water management operations. In
Louisiana, USA, extreme rainfall, flat topography, and coastal-inland interactions necessitate enhancements to the sparse exist-
ing monitoring resources. This study introduces a stakeholder-driven approach to designing a streamflow monitoring network
by integrating local expertise with geospatial process-based criteria. Our approach combines stakeholder input, gathered via

web-based geospatial applications, with an automated scoring system. The system is based on hydrologic and geomorphic factors

to prioritize gage placements while balancing regional needs and resource constraints. Implemented as part of the Louisiana

Watershed Initiative (LWI), the network design addresses monitoring gaps, particularly in ungauged large watersheds and
streams with complex flow regimes. The study highlights the importance of incorporating local knowledge into technical de-
signs to support flood mitigation planning, real-time flood forecasting, and hydrodynamic model calibration. This framework
can be adopted by other flood-prone regions worldwide to enhance flood monitoring and mitigation planning efforts.

1 | Introduction

Hydrometric information is crucial for water management,
infrastructure design (e.g., reservoirs, water distribution sys-
tems, flood risk models), and assessing the impacts of climate
change and hydrologic extremes (Mishra and Coulibaly 2009).
This study focuses on surface water networks that collect
streamflow data, including flow rates and water surface ele-
vation in open waterways. The lack of adequate hydrometric
data and the loss of such information due to budget constraints
hinder effective flood risk management and predictive model
design (Pyrce 2004; Hirsch and Norris 2001) and the assess-
ment of urbanization and climate change impacts (Mishra
and Coulibaly 2009). Monitoring at smaller scales is crucial
in complex environments such as inland-coastal watersheds

with upstream-downstream dependencies (Saad et al. 2021;
Bilskie and Hagen 2018). Flood impact in these areas is ex-
acerbated by the sea level rise caused by the changing cli-
mate (Neumann 2000; Yu et al. 2022; Khojasteh et al. 2021).
An example of these areas is Louisiana, a vulnerable coastal
state at risk of expanding 100-year inundation zones by 2050
(Bates et al. 2021). Improving compound flooding models in
such regions requires robust calibration and validation datasets
through hydrometric networks that must capture the dynamics
of estuarine and riverine management while balancing eco-
nomic and environmental constraints (Khojasteh et al. 2021).
While the current study focuses on flood risk, it also recognizes
water quality concerns, positioning the current network design
as a foundation for environmental modeling to support ecosys-
tem health and resilience.
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Summary

« Stakeholder engagement and incorporating commu-
nities' local knowledge are essential for the design
and long-term sustainability of flood risk streamflow
monitoring networks.

Several regional efforts in the U.S. have emerged to assess
flood risk and mitigate impacts, including the Harris County
Flood Control District in Texas (HCFCD n.d.), lowa Watershed
Approach (Weber et al. 2018), North Carolina Flood Risk
Information System (LWI n.d.), and Louisiana Watershed
Initiative (LWI n.d.). These initiatives develop hydrologic and
hydraulic models to analyze flood risk and design mitigation
measures, often recognizing the need for enhanced stream-
flow monitoring to support predictive models and real-time
warnings.

Designing and enhancing streamflow monitoring networks in-
cludes statistical approaches (e.g., Slade et al. 2001) and coverage-
oriented approaches (National Research Council 2004). While
existing approaches provide quantitative metrics for optimizing
the network design, they do not necessarily incorporate inputs
or feedback from stakeholders. They also lack mechanisms for
integrating local knowledge and historical information that
communities have long acquired during past events. Such infor-
mation is particularly important in inland-coastal environments
where non-trivial channel connectivity, complex flow patterns,
and unique flooding characteristics are prevalent. This study re-
ports on an effort to enhance the design process of streamflow
monitoring systems using two primary criteria: (a) incorporat-
ing stakeholders’ input for desired gaging sites and (b) prioritiz-
ing gaging sites using geospatial quantitative scores that account
for the physical characteristics of the streams and watersheds.
The application is presented for the state of Louisiana, USA,
and was conducted as part of the Louisiana Watershed Initiative
(LWI n.d.). However, the approach can be generally applied to
other regions with similar needs. Following this introduction,
we present the detailed methodology of the network design ap-
proach, the main results, discussion, and concluding remarks.

2 | Methodology

The new monitoring network will complement existing stream
gages in Louisiana, such as the Stream gaging Network (Eberts
et al. 2019; Konrad and Anderson 2023) operated by the United
States Geological Survey (USGS) and the Coastwide Reference
Monitoring System (CRMS, Steyer et al. 2003) operated by the
Louisiana Coastal Protection and Restoration Authority. Based
on the available resources from LWI, 100 new streamflow mon-
itoring sites need to be deployed across the state. Identifying
these sites was based on soliciting suggestions from a compre-
hensive group of stakeholders while considering several im-
portant hydrologic and geomorphic factors, as explained next.
A flowchart illustrating the overall methodology employed in
this study is provided in Figure S1, included in the Supporting
Materials of this publication.

2.1 | Solicitation of Suggestions for New Gage Sites
2.1.1 | Gage Suggestions by Stakeholders

Regional and local experts, such as floodplain managers and
public works engineers, have first-hand knowledge of their
watersheds and where gages are most needed for mitigation
and response efforts based on past flood events. Practicing
local engineers also possess valuable knowledge on moni-
toring gaps and needs for model development. Therefore, the
present study started by launching web-based geospatial ap-
plications to collect stakeholders' suggestions for new moni-
toring sites. Participants were required to provide information
such as the justification and level of need for the proposed lo-
cation. The apps also allowed participants to provide opinions
on locations proposed by others. The apps were disseminated
to stakeholders and presented at several in-person and virtual
meetings.

The stakeholders constituted a diverse population of back-
grounds and affiliations, including municipal and local (par-
ish) government staff, engineering consultants, police juries,
local drainage offices, and city engineers; staff from watershed
districts and levee boards; state government agencies (e.g.,
Department of Transportation and Development, Governor's
Office of Homeland Security and Preparedness, Department of
Wildlife and Fisheries), federal government agencies (e.g., U.S.
Fish & Wildlife Service, U.S. Army Corps of Engineers), and the
general public.

A significant volume of feedback was received from the stake-
holders. Roughly 100 stakeholders provided a total of 494 sug-
gestions for new gauges (Figure 2). However, only 485 locations
were deemed relevant, and 9 were excluded because of errone-
ous or redundant entries. The number of gauge suggestions var-
ied across the state, with the majority coming from the southern
regions that extend along the Gulf Coast, followed by the north-
western and northeastern regions, and fewer suggestions in the
north-central regions. This variability, despite efforts by the
research team to reach stakeholders, reflects the spatial distri-
bution of population concentrations and the level of watershed
management activities across the state.

2.1.2 | Gage Suggestions by USGS and NWS

The analysis also incorporated suggestions from key agencies
overseeing national streamflow monitoring (USGS) and hy-
drologic forecasting (National Weather Service, NWS); Figure
(2). The USGS Lower Mississippi ~Gulf Water Science Center
provided two sets of suggestions: (a) 103 sites of historically dis-
continued gages (records ending in 1970 or later), which would
extend historical records and benefit hydrologic modeling, and
(b) 22 new locations identified by multi-model statistical anal-
ysis (Robinson et al. 2020; Worland et al. 2019) to fill gaps in
areas with complex hydrologic regimes. Similarly, the NWS
Lower Mississippi River Forecasting Center suggested 42 lo-
cations, classified into two categories: locations lacking gages
where NWS issues river forecasts and non-forecast locations
where stage-only gages exist but would benefit from streamflow
observations.
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2.2 | Gaging Site Prioritization

The combined input from the stakeholders, NWS, and USGS
resulted in 661 suggestions for new locations. Due to budget-
ary constraints, site prioritization was conducted to reduce this
number to a fundable level of 100 sites, as described next.

2.2.1 | HUC 8 Watersheds Lacking Gages

The first prioritization criterion was to identify HUC 8 water-
sheds that are not currently monitored by any streamflow gages
(Figure 1). To support future modeling efforts, especially at the
regional scale, it is critical that each HUC 8 watershed in the
state be monitored by at least one streamflow gage. HUC 8 wa-
tershed boundaries were obtained from the National Watershed
Boundary Dataset (WBD; Jones et al. 2022). These sites will be
referred to as Tier 1.

2.2.2 | Criteria-Based Automated Gage Site Scoring

Additional prioritization was performed using automated
scoring with a set of quantitative hydrologic and geomorphic
criteria that are relevant to modeling flood risk. Automated
scoring was not designed to be the final word in gage selection
but rather to highlight high-value sites. Aside from the Tier
1 locations, all proposed locations were assigned a composite
gage score, GS, that represents a weighted average of a set of
individual n scores:

100 1)

where w; is the weight for gage score element GSj. Each score
element will have a value between 0 and 1 and represents a dif-
ferent watershed criterion described in the following sections.
For the current analysis, all weights were assigned a value of 1;
however, this formulation allows for further prioritization be-
tween the different scoring criteria.

2.2.21 | Mean Impervious Percent. GS, is the score
that prioritizes gage placement in urbanized areas as an indi-
cation of increased flood risk. Percent impervious data was
extracted from the National Land Cover Database, NLCD,
(Homer et al. 2004) and were used to calculate the ratio
of mean impervious percentage, imp, (Figure 3) in the HUC12
where the proposed gage is located to the maximum impervi-
ous percentage, max(imp), of all proposed gages in the same
HUC 8:

0,i<1
GS; = @
{ log(imp)/log(max(imp)),i>1

2.2.2.2 | Cumulative Drainage Area. GS, is
the score accounting for the drainage area served by the new
site (Figure 3). The score is calculated as the cumulative drain-
age area (A,) of the stream reach, provided with the National
Hydrographic Dataset flowline network Version 2 value-added
attributes, NHDPlus V2 (VAAs) (McKay et al. 2012), on which
the proposed gage is located. The cumulative drainage area is
then scaled by the maximum cumulative drainage area of all
proposed gages in the same HUC 8:

log(Ay)

a” log(max(Ay)) @
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FIGURE1 | Distribution of existing USGS stage (magenta triangles, left) and flow (black triangle, right) gages across Louisiana. Additional stage
measurements are also available through CPRA's CRMS stations (green upside triangles).
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FIGURE2 | Leftpanel: Gage locations suggested by stakeholders. Right panel: Locations suggested by USGS staff for new sites (triangles) and for
redeploying discontinued sites (circles), and by NWS staff with category (1) where NWS issues river forecasts but currently lacks gages and category
(2) where stage-only gages currently exist, but river forecasts would benefit from these additions.

2.2.2.3 | Channel Slope. GS,, is the score due to reach
slope. Areas with flat slopes exhibit more complex flow regimes
(e.g., reverse flows and backwater effects) and are more prone to
flooding. Figure 3 shows low slopes predominant in the north-
east (i.e., Mississippi alluvial valley) and the coastal zone. The
score GSg,, was calculated as the slope of the NHD reach (slp)
where the gage is located, scaled by the maximum slope for all

proposed gages in the same HUC 8:

0,slp<0
Sap = { 1— (log(slp = 1,000,000)/log(max(slp * 1,000,000))), slp > 0
@
2.2.2.4 | FloodZone. GSy,isthegagescoreduetoina FEMA

flood zone and is intended to prioritize areas that are officially
designated as flood-prone (Figure 3):

0,fz='X' or fz= OPEN WATER' or fg= AREA NOT INCLUDED
GSp, = 1.0,fz="'A'or (fz=' AE'and fst=' FLOODWAY’)

0.5, for all other floodzones

©)
where fz is the FEMA flood zone, and fst is its category. These
zones are defined as follows: Zone A are areas with documented
flooding but where flood depths are not quantified; Zone AE
is the 100-year flood zone where flood depth was calculated
through detailed hydraulic models; floodway is a corridor re-
served to discharge the base flood without increasing the water's
surface elevation by more than a designated height. Proposed
gage locations in zone “A” received a score of 1.0 since these lo-
cations lack base flood elevations and would benefit most from
the additional information. Likewise, gages in Zone AE that are
also within floodways were assigned a score of 1.0 to reflect the
increased sensitivity to flood risk to changes in land use. Other
flood zones were assigned a lower score of 0.5, and locations
that are not in a flood zone were given a GSg, score of 0.

2.2.2.5 | Hydraulic Control Structures. Proposed gage
locations that monitor hydraulic structures that alter stream
flow (e.g., gates, dams, flow diversions) and flood response
were prioritized. GSg,,, is the score due to proximity to hydrau-
lic control structures listed in the US Army Corps of Engineers
(USACE) structure database and the National Inventory of Dams
(Figure 3). Gage sites near USACE-listed structures were given a
score of 1.0, while other locations were given a GSg,,, score of 0.

2.2.2.6 | Discontinued USGS Gage Sites. GSyggg is
the score assigned to a discontinued USGS stage or stream-
flow gage site (Figure 2). Gage locations monitoring the same
hydrologic features as those of the 103 discontinued sites
were assigned a GSyggg score of 1.0, while other sites were
assigned a score of 0.0. The intent of this score is to build on
the already available historical record of USGS discontinued
gages and to take advantage of existing, albeit abandoned,
gage infrastructure.

2.2.2.7 | Proximity Between Gages Suggested by
USGS, NWS, and Stakeholders. GSgi.no4er 1S the score
assigned to locations suggested by USGS or NWS that are near
stakeholder-suggested gages (Figure 2). This criterion will prior-
itize USGS or NWS suggested gages if they are near stakeholder
suggestions. These locations were given a score of 1.0; other
gages were given a score of 0.0. Stakeholder-suggested gages that
would monitor the same hydrologic features (e.g., NHD reach)
as these USGS or NWS-suggested sites were removed from
the analysis to avoid repetition.

2.2.2.8 | Inundation Frequency. GS; accounts for inunda-
tion frequency derived from the Gulf Coastal Plans and Ozarks
(GCPO) LCC inundation frequency mosaic dataset (Allen 2016;
Figure 3). The GCPO inundation frequency (if) value (0-100) at
each proposed site was scaled by the maximum value for all pro-
posed sites in the same HUC 8 where the new gage is proposed:
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FIGURE 3 | Spatial representation of the different geomorphic variables included in the scoring algorithm.

S, = { 0, max(if)=0 ©

if/max(if), max(if) > 0

2.3 | Criteria for Coastal Station Selection

The coastal zone of Louisiana is a low-elevation land area prox-
imal to the land-ocean interface where the principal source

of flooding will be astronomical and meteorological tides and
storm surges rather than riverine flooding. However, given that
many extreme precipitation events are associated with trop-
ical storms that can generate additional flooding from storm
surges, these areas cannot be overlooked for gauging and flood
risk modeling. Further, compound flooding can worsen flood-
ing risks further inland by funneling storm surge upriver and
stream channels, slowing, and even reversing floodwater into
upland watersheds.
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The inland extent of the coastal zone can be defined by different
boundaries (e.g., mean salinity concentration, tides, storm surge
runup, elevation). However, for practical purposes, the FEMA-
designated coastal zone (FEMA Risk MAP n.d.) that encom-
passes all or a portion of 20 Louisiana coastal parishes (Figure 3)
was used. Three primary criteria were followed in identifying
new gage locations in the coastal region:

a. Upland-coastal interface: These are points at which HUC
8 trunk channels, or larger HUC12 tributary channels,
cross into the coastal zone. Outlets of major HUC12 tribu-
taries are selected when they converge to an HUC 8 trunk
channel within the coastal zone. These key points capture
the inland runoff entering the coastal zone and serve as
funnels for storm surges into upland parts of coastally con-
nected watersheds. Thus, their gauging will allow models
to better predict compound flood risk.

b. Gulf Interface: These locations represent larger channel-
ized locations where storm surge enters the coastal zone
at the land-sea interface and at confined exchange points
between large coastal water bodies (e.g., estuaries and
lakes) as the surge proceeds inland. Calibrating compound
flooding models requires gaging at these locations of bi-
directional discharge to quantify volumes and pathways of
surge and ebb surge compounded by runoff from associ-
ated storm precipitation.

c. Critical flux exchanges: These locations represent hur-
ricane floodgates in bayous and navigation channels, as
well as levee protection systems. These represent possible
monitoring points to assess surge (immediately outside) or
runoff backup (immediately inside). They capture critical

fluxes generated by surge moving landward and inland
runoff moving gulfward.

3 | Results

3.1 | Gage Selections in Unmonitored HUC 8
Watersheds

Figure 4 illustrates the spatial distribution of all Louisiana HUC
8 watersheds. The state has organized these HUC 8 watersheds
into seven provisional watershed management regions to support
the development of hydrodynamic models and the deployment of
monitoring gages. Eight HUC 8 watersheds not currently mon-
itored by any gages within their domain were assigned gages at
their respective outlets, referred to as Tier 1 (Figure 4). However,
if stakeholders, USGS, or NWS suggested a location near the same
HUC 8 outlet, that location was used instead of the HUC 8 outlet.

3.2 | Automated Gage Scoring of Inland Gages

The results of automated gage site scoring are displayed in
Figure 4. Automated gage scores were classified into five ranks
(1 through 5) using Jenks natural breaks (Jenks 1967) that min-
imize variance within classes and maximize variance between
classes. There are 40 gages with the highest ranking, rank 1,
with gage scores between 47 and 75; 19 of these are gages sug-
gested by stakeholders, 14 are post-1970 discontinued USGS
gages, three are from USGS statistical analysis, and four are
from NWS-suggested gages. Rank 2 (score between 34 and 47),
rank 3 (score between 23 and 34), rank 4 (score between 11 and
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FIGURE4 | Left panel: Results of the criteria-based gauge site score for inland sites and ungauged HUCSs. Right panel: Coastal gauges identified

using the three-category criteria.
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23), and rank 5 (score below 11) included 107, 153, 115, and 47
potential gage sites, respectively.

3.3 | Gage Selections in the Coastal Region

In total, 34 coastal gage sites were selected (Figure 4) using the
three prioritization criteria described earlier. The 34 sites in-
clude (a) 10 sites capturing the upland-coastal interface, (b) 18
sites capturing the gulf interface, and (c) 6 sites capturing criti-
cal flux exchange between surge and inland runoff.

3.4 | Combined Gage Selections

This section presents the combined results of gage selection using
the abovementioned process. The goal of the analysis is to produce
a network with approximately 100 new gages across the state to
match the available budget. However, for practical reasons, it was
desirable to identify more than 100 gages in the network design,
given the likelihood that some proposed gage sites may prove to be
infeasible due to logistical or site constraints. As such, 123 sites are
included in the final set of gage selections. These sites were com-
prised of (1) eight locations that were identified in ungauged HUC
8 watersheds; (2) 81 locations identified in the automated site scor-
ing analysis for inland flow gages; and (3) 34 locations identified as
priority sites for coastal flow gages. Besides the automated scoring,
a manual expert-based quality assurance and validation analysis
was conducted to revise the selections. This expert-based analysis
was limited to eliminating stakeholder input errors based on the
description they provided about their needs or removing locations
that are not feasible for gage installation (e.g., no nearby struc-
ture). This resulted in removing some of the Rank 1 locations and

aumont

0 50 100
O km

N

promoting some Rank 2 and 3 locations, resulting in the final 123
sites shown in Figure 5. For reference purposes, the existing USGS
streamflow and stage gages, as well as CRMS stage-only monitor-
ing stations, are also shown in Figure 5. An interactive ArcGIS
Online Map showing the selected gages for the final network de-
sign and their scores is provided in the Data Availability section.

While the new gaging sites are designed to monitor both stage
and flow rate, the sponsoring agency requested that, due to po-
tential resource constraints, only 80 of these monitor flow rates
and 20 monitor stage only. To meet these requirements, a man-
ual analysis was conducted to identify sites where stage-only
measurements could be adequate from a hydrological perspec-
tive. This was done by examining factors such as proximity to
active USGS streamflow gages, the potential ability to infer flow
from a combination of nearby active or proposed streamflow
gages, and the potential ability to infer flow from reservoir/spill-
way rating curves. The specific locations of the sites identified
for stage-only gages are shown in Figure 5. Re-ranking of the
123 gages is possible as needed if different weights are to be as-
signed to each prioritization criterion described earlier.

3.5 | Network Implementation

The new gages are currently under installation through collab-
oration between the USGS and LWI. Implementing the LWI
streamflow monitoring network faced challenges at some lo-
cations due to factors such as safety hazards, inadequate infra-
structure, repetitive debris accumulation, and site accessibility
during storm events. Difficulties in measuring discharge were
a recurring issue in areas where complex hydraulic conditions
rendered accurate discharge measurements impractical due to
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FIGURES5 | Combined results of gage selection criteria showing: (1) Streamflow gages in ungauged HUCS8 watersheds; (2) Priority sites for inland

gages; and (3) priority sites for coastal gages. Existing USGS (streamflow and stage) and CRMS stations (stage only) are shown for reference.
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the potential for inaccuracies in the rating curve. Additionally,
water levels at some of these locations dropped significantly
between initial site reconnaissance and installation, indicating
that they are unsuitable for velocity measurement for much of
the time. Most of these issues often necessitated the relocation or
modification of the type (e.g., flow vs. stage only) of the monitor-
ing stations, which was done in consultation with local agencies
and stakeholders who suggested the locations, if applicable.

4 | Discussion

The analysis presented here emphasizes the significance of
gathering hydrometric data to support regional stormwater
management, detect long-term climate change impacts on flood
frequency and magnitude, and validate hydraulic and hydro-
logic predictive and forecasting models. Historically, the selec-
tion of gaging sites has been done primarily based on technical
analysis, without the explicit inclusion of local knowledge and
the participation of stakeholders. The current study offered a
balanced approach, combining technical rigor with feedback
from various stakeholders and agencies. Incorporating local
knowledge increases community buy-in and better reflects the
on-the-ground reality of complex flooding patterns. It also cap-
tures the impact of urbanization and land-use changes, enhanc-
ing the network value in assessing community flood risk.

The design of the gaging network follows a hybrid approach that
combines stakeholder input with the results from an automated
geospatial scoring system. The automated scoring system relied
on objective prioritization factors such as the placement of gages
at the outlet of ungauged watersheds, locations with historical
records that have been discontinued, impervious areas (proxy
of urbanization/population centers), drainage areas, channel
slopes, flood zones, proximity to control structures, and coin-
cidence with locations suggested by stakeholders. We do not
recommend full reliance on automated scoring systems alone.
Rather, we found that additional validation and manual inspec-
tion for all scored gages were needed as a critical quality assur-
ance measure. The validation and quality assurance steps were
essential in incorporating additional expert-level aspects, such
as flood risk to surrounding populations or critical facilities, and
the estimated value for model calibration was accounted for. As
aresult, some highly scored gages were removed from the selec-
tion, while other moderately scored gages were prioritized.

Overall, the transparency and clarity of the gage placement meth-
odology and scoring system played a significant role in the level
of support and buy-in from the stakeholders and local floodplain
administrators, as well as from the various government agen-
cies. While a full assessment of the efficacy of this stakeholder
engagement strategy is not a priori to network emplacement, we
believe this strategy would pay dividends in regions that con-
template hydrometric networks (new or supplemented) as a key
to flood preparedness and post-flood event messaging.

5 | Conclusions and Suggestions for Future Work

Numerous inland and coastal communities are increasingly
encountering nuisance and severe flooding from tropical and

non-tropical storms due to climate change and urbanization. The
effectiveness of large-scale efforts to mitigate flood risk will de-
pend heavily on the quality of monitoring networks and on pre-
dictive and forecasting models. The unique flood hazards that
face regions such as Louisiana result from a complex set of fac-
tors, including low-gradient topography, proximity of population
centers to large water fluxes, coastal effects, and vulnerability to
extreme weather phenomena. This diversity of factors leads to a
diverse perception of risk and needs from affected communities
and stakeholders, which, in turn, poses a challenge to the collab-
orative design of effective streamflow monitoring.

This study addressed these challenges by offering a balanced
approach that effectively integrates stakeholder input into the
network design process. The network aimed at supporting the
development of a regional flood risk management system and val-
idating predictive and forecasting numerical models. Coupling
stakeholders’ input with an automated scoring system led to an
advanced design that reflected both local knowledge and famil-
iarity with the intricacies of flooding patterns and key features
of a given watershed, along with the results from a quantitative
scoring system based on measurable watershed attributes.

Despite our comprehensive approach, some limitations remain.
Incorporating hydrodynamic modeling results into station se-
lection could enhance network effectiveness, but such models
were unavailable and are currently being developed as part of
the Louisiana Watershed Initiative. While climate change was
not explicitly considered, integrating its anticipated impacts
could improve monitoring of flooding frequency and severity.
Coastal site selections were based on fluvio-morphological cri-
teria rather than proximity to coastal populations or sensitive
ecosystems; future improvements could integrate indices that
account for natural hazard risk, resilience, and social vulnera-
bility to better identify necessary site locations. Additionally, we
did consider the potential of supplementing traditional gaging
networks with cost-effective sensors (e.g., vision-based sensors
and citizen-science contribution), which can enhance urban
flooding tracking and community awareness. Lastly, the net-
work does not capture flow exchanges near the numerous hy-
draulic structures within the transition zone, a limitation due
more to budget constraints than to lack of importance.

Another critical area for further research, while less technical, is
the implementation of effective funding strategies for maintain-
ing and sustaining large-scale hydrometeorological networks.
Continuous maintenance, with periodic updates of site surveys
and rating curves, is essential for data quality and representa-
tion. Network sustainability is crucial for flood-risk monitoring,
as decades of data are needed to capture varying magnitudes of
flood events for management and model development. In this re-
gard, flood amnesia (Kunreuther et al. 2018) is one of the factors
posing a threat to funding sustainability, highlighting the need
for securing stakeholder buy-in and investment as vital elements
in resolving the sustainability dilemma.
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