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LWI RIVER AND RAIN GAUGE NETWORK 
TECHNICAL MEMORANDUM ON NETWORK DESIGN 

INTRODUCTION 
River and rain gauges are crucial assets for local communities and statewide decision-makers to understand 
where water flows and how it can lead to flooding. Many of Louisiana’s watersheds do not have adequate gauge 
coverage (Figure 1), which can lead to a severe informational gap for mitigating future flood risk and responding 
to heavy or sustained rain events. Therefore, there is a need to enhance the existing monitoring network in 
Louisiana and support ongoing and future watershed management activities.  

OBJECTIVES OF THE LWI RIVER AND RAIN GAUGE PROGRAM 
The overall goal of the LWI River and Rain gauge program is to inform waterway and watershed management 
and improve the quality of life in and around the state. The following are two specific objectives of this gauge 
program: 

1. To support the calibration and verification of the LWI models that are currently under development: 

The data generated from this network will support the calibration and verification of the LWI hydrologic 
and hydraulic flood models that are under development for all the state’s watersheds. The network will 
provide near-term and long-term datasets and ensure that the models will be refined and maintained 
with up-to-date information that captures ever-changing environmental and meteorological conditions. 
Ultimately, this will help guide more accurate flood mitigation and adaptation policies, project 
evaluation and prioritization, and science-based watershed management. 

2. To support future development of flood warning and forecasting systems:  

When fully developed, the gauge network will provide enhanced levels of statewide coverage for 
monitoring riverine and rainfall information in real time. Local communities will have information to 
respond more effectively to flood-related hazards, while the state’s watershed regions can design and 
implement more effective mitigation strategies. 

STUDY OBJECTIVES 
The objective of this study is to develop a design for the LWI River and Rain Gauge network. The design of the 
network will focus on meeting the watershed-centered objectives of the LWI gauge program, while maintaining 
programmatic considerations. A primary constraint is the maximum number of gauges that can be afforded by 
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the program from budgetary and logistical perspectives. The LWI and its partners have determined that the 
network design should recommend ~100 sites for new stream and rainfall monitoring gauges. The ~100 target 
sites will be dedicated to monitor three primary variables: stage, flow rates and rainfall. All 100 sites will contain 
a rain gauge; however, and due to resource constraints, only ~80 of these will be gauges that monitor 
streamflow rates, and ~20 will monitor stream stages only. To allow for possible site accessibility and logistic 
complications, the design analysis will identify an additional set of contingency gauges (~20). The new sites, 
when added to the existing network in the state, would result in a backbone network that addresses existing 
hydrologic monitoring gaps across the state and fulfils the needs of the LWI modeling and watershed 
management programs. Further enhancements to the state monitoring program will continue in the future 
according to new gaps that get identified by the LWI and its stakeholders.    

 
Figure 1. Distribution of existing USGS flow (left) and stage (right) gauges across Louisiana. 

METHODOLOGY 

SOLICITATION OF SUGGESTIONS FOR NEW GAUGE SITES 

Gauge suggestions by LWI stakeholders and LWI Modeling Consultants 

Regional and local experts, such as floodplain managers and engineers, have first-hand knowledge of their 
watersheds and where gauges are most needed to aid in mitigation and response efforts. It is important to 
incorporate existing expertise into the network’s design and gauge placement. Therefore, the LWI launched 
web-based geospatial apps in February 2020 with the purpose of allowing local stakeholders and residents, state 
and regional partners, and LWI modeling consultants to suggest locations for new monitoring sites across 
Louisiana. Each of the seven LWI modeling regions were assigned two ArcGIS online web-based apps. The first 
type of apps was a crowdsource polling app that allowed users to provide their opinion on gauge locations that 
were initially proposed by the LWI program. The second app was a Geoform survey, which allowed stakeholders 
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to propose new monitoring locations based on local and regional needs. The apps were disseminated to the LWI 
stakeholders and presented at several technical and public meetings. A webinar was also held to formally 
introduce the LWI stakeholders to the web-aps and encourage submission of gauge suggestions. The deadline 
for submissions was extended to allow further submissions from regions that initially showed a lower rate of 
suggestions (e.g., regions 1, 2 and 3). The LWI modeling consultants were also approached via the LA DOTD to 
solicit suggestions for new gauge locations based on future modeling needs.  

Stakeholders who provided gauge suggestions and feedback to the web apps constituted a diverse population of 
backgrounds and affiliations, including the following:  

• City and parish local governments and engineers (e.g., St. Tammany Parish, Tangipahoa Parish, and West 
Baton Rouge Parish Governments and city of Covington and city of Alexandria, City of West Monroe) 

• Engineering consultants (e.g., Atkins North America, Freese and Nichols, C.H. Fenstermaker, Bluewing 
civil consulting, LLC, Michael Baker International)  

• Police Juries (e.g., Calcasieu parish, Cameron parish, Bossier Parish, Ouachita parish police juries)  
• Local drainage offices and city engineers (e.g., Amite River Basin Drainage & Water Conservation District, 

Teche-Vermilion Fresh Water District, Sabine River Authority, Iberville Parish Council Office, Caddo 
Levee District, and Lafayette Consolidated Government)  

• State government agencies (e.g., Catahoula Parish OHSEP, LDWF)  
• Federal government agencies (e.g., U.S. Fish & Wildlife Service)  
• General public and individuals  

A significant amount of feedback was received from various stakeholders through the web-based apps. A 
summary of the feedback received for each region via the crowdsource polling app and the Geoform surveys is 
provided in Table 1. Roughly a total of 100 stakeholders provided a total of 494 suggestions for new gauges 
(Figure 2). Regions 2, 4, 5, 6 and 7 received a considerable number of suggestions, with a fewer number 
submitted in regions 1 and 3.  

Users who submitted feedback for the Geoform surveys were required to fill in the following fields: 

• Name and contact information 
• Affiliation 
• Justification for the proposed location 
• Level of need for the proposed location (critical, moderate, not critical) 

Table 1. Summary of stakeholders’ suggestions for new gauges and feedback on proposed locations received through the web apps. 

Region Number of Suggested 
Locations 

Number of 
Likes 

Number of 
Comments 

1 32 35 31 

2 78 10 0 
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3 32 0 0 

4 70 24 3 

5 114 16 16 

6 104 5 16 

7 64 17 2 

Total 494 107 68 

 

 
Figure 2. Suggested gauge locations (black) for all LWI regions mapped on top of existing USGS flow (cyan) and stage gauges (magenta) as 
well as Coastwide Reference Monitoring System (CRMS) stations (green). 

Gauge suggestions by USGS and NWS 

In addition to gauge suggestions from stakeholders, a list of locations (Table 2) in need of additional gauges was 
also submitted by the USGS (Figure 3) and the NWS (Figure 4) Lower Mississippi River Forecasting Center 
(LMRFC). The USGS identified and prioritized locations of historical gauges that have been discontinued. 
Discontinued gauges were classified based on recency of end date of their historical record. Accordingly, a total 
of 147 gauges with a record ending in 1970 or later were included in the gauge prioritization analysis (Figure 3). 
The USGS also suggested an additional set of 22 locations based on a multi-model statistical analysis that 
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identifies possible gaps in areas with complex hydrologic regimes. The level of importance of these locations was 
described by the USGS on a scale from 0 to 4. Only gauges scoring 3 or 4 (red symbols in Figure 3) will be 
considered in the design of the LWI network. A similar map also shows gauge locations that were recommended 
by the NWS LMRFC (Figure 4). The NWS provided a total of 42 streamflow gauge locations that were classified 
into two categories based on forecasting needs. The first category represents locations where NWS issues river 
forecasts but currently lack gauges. The second category provided by the NWS is for non-forecast locations 
where stage-only gauges currently exist, but river forecasts would greatly benefit from additional information if 
flow observations were made available. 

 
Figure 3. Locations of gauge suggestions provided by USGS, 
including discontinued sites, and sites based on multi-model 
statistical analysis. Locations of active USGS gauges are also 
shown for reference. 

 
Figure 4. Locations of gauges recommended by the NWS 
classified into two categories, 1 and 2, that reflect different 
forecasting needs.  

Table 2. Summary of suggestions for new gauges provided by USGS and NWS. 
 

USGS: discontinued gauges 
(1970 and later) 

USGS: suggested based 
on multi-model analysis 

NWS Total 

Number of 
suggested gauges 

147 22 42 211 

 

GAUGE SITE PRIORITIZATION 
The total number of gauges suggested by the stakeholders is 494; however, upon further examination of these 
submissions, only 485 locations were deemed relevant. The other 9 gauges were excluded from any further 
analysis because they were either erroneous entries, redundant requests, requests for rain-gauges only, or 
requests for gauges on extremely small streams. Along with the gauge locations suggested by the NWS and the 
USGS (Table 2), there is now a total of 669 suggestions for new gauge locations throughout the state. To further 
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narrow down the number of gauges that will be recommended for actual deployment by the LWI gauge 
monitoring program, additional site prioritization criteria are needed. In the next sections we provide a 
description of the selection methodology that were implemented to prioritize potential monitoring sites and 
produce a final design for the LWI network. 

HUC8 watersheds lacking gauges 

The first criterion used to select potential gauge sites was to identify HUC8s that are not currently monitored by 
any flow gauges. Figure 1 shows the distribution of existing flow and stage gauges across Louisiana; HUC8 
watersheds that are not currently monitored by flow or stage gauges can clearly be seen. Given that the LWI 
modeling program plans to build coupled hydrologic and hydraulic models for nearly all HUC8 watersheds in the 
state, it is critical to model calibration and validation that each modeled watershed be monitored by at least one 
streamflow gauge. This set of gauged will labeled as “Tier 1” gauges.  

Criteria-based automated gauge site scoring 

Additional gauge selection, beyond Tier 1 gauges, will be performed using automated gauge prioritization 
criteria. The automated scoring is based on a set of quantitative hydrologic and geomorphic criteria that are 
relevant to watershed modeling flood risk. The automated criteria-based gauge site scoring is not designed to be 
the final word on gauge selection. Rather, it is intended to: (1) help focus expert evaluation of high-value 
gauging sites by filtering out lower-value gauges; and (2) help prioritize selection of gauges of seemingly 
identical value. All stakeholder-suggested gauges (except those that were not selected as Tier 1 gauges), as well 
as all USGS discontinued, USGS suggested, and NWS suggested gauges, were assigned a combined gauge score, 
𝐺𝐺𝐺𝐺, that represents a weighted average of a set of individual score elements, 𝐺𝐺𝐺𝐺𝑗𝑗, as defined by equation (1): 

𝐺𝐺𝐺𝐺 =  
∑ 𝑤𝑤𝑗𝑗𝐺𝐺𝐺𝐺𝑗𝑗𝑛𝑛
𝑗𝑗=1
∑ 𝑤𝑤𝑗𝑗
𝑛𝑛
𝑗𝑗=1

∗ 100  (1) 

Where 𝑤𝑤𝑗𝑗 is the weight for gauge score element 𝐺𝐺𝐺𝐺𝑗𝑗. Each score element represents a different watershed 
criterion as described in the following sections. For the current analysis, all weights were equal and assigned a 
value of 1; however, this formulation allows for further prioritization between the different scoring criteria. The 
weighted arithmetic mean of gauge scores was multiplied by 100 to yield possible gauge scores ranging from 0-
100.  

MEAN IMPERVIOUS PERCENT 

𝐺𝐺𝐺𝐺𝑖𝑖 is the gauge score that takes into account the extent of urbanization, using impervious percentage to 
prioritize gauge placement. Impervious surfaces can increase flood potential by reducing infiltration and 
increasing runoff. NLCD 2016 (Horner et al. 2016) percent impervious data were used to calculate the ratio of 
mean impervious percentage (Figure 5) in the HUC12 that the proposed gauge is located to the maximum 
impervious percentage for all proposed gauges in the parent HUC8 watershed. 𝐺𝐺𝐺𝐺𝑖𝑖 is defined in equation (2): 
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𝐺𝐺𝐺𝐺𝑖𝑖 = �
0, 𝑖𝑖 < 1

𝑙𝑙𝑙𝑙𝑙𝑙 (𝑖𝑖) 𝑙𝑙𝑙𝑙𝑙𝑙 (𝑚𝑚𝑚𝑚𝑚𝑚(𝑖𝑖))⁄ , 𝑖𝑖 ≥ 1  (2) 

where 𝑖𝑖 is mean NLCD 2016 impervious percentage in the HUC-12 that the proposed gauge is located in, and 
𝑚𝑚𝑚𝑚𝑚𝑚(𝑖𝑖) is the maximum such impervious percentage for all proposed gauges in the HUC8 where the proposed 
gauge is located. 

 
Figure 5. Percent impervious based on NLCD 2016 

 
Figure 6. HUC12 drainage areas 

CUMULATIVE DRAINAGE AREA 

𝐺𝐺𝐺𝐺𝑎𝑎 is the gauge score that takes into account the size of the drainage area (i.e., flow contribution) served by 
the proposed gauge location (Figure 6). The score is calculated as the cumulative drainage area of the NHD reach 
that the proposed gauge is located on scaled by the maximum cumulative drainage area for all proposed gauges 
in the HUC8 where the proposed gauge is located. 𝐺𝐺𝐺𝐺𝑎𝑎 is defined in equation (3): 

𝐺𝐺𝐺𝐺𝑎𝑎 =  𝑙𝑙𝑙𝑙𝑙𝑙 (𝐴𝐴𝑑𝑑)
𝑙𝑙𝑙𝑙𝑙𝑙 (𝑚𝑚𝑎𝑎𝑚𝑚(𝐴𝐴𝑑𝑑))

  (3) 

where 𝑚𝑚𝑚𝑚𝑚𝑚(𝐴𝐴𝑑𝑑) is the maximum cumulative drainage area for all proposed gauges in the HUC8 where the 
proposed gauge is located. For reference HUC-12 drainage areas are mapped in Figure 6. 

CHANNEL SLOPE 

𝐺𝐺𝐺𝐺𝑠𝑠𝑙𝑙𝑠𝑠 is the gauge score due to NHD reach slope. Areas with flat slopes exhibit more complex flow regimes (e.g., 
reverse flows and backwater effects) and should be prioritized in gauge placement. Figure 7 shows the channel 
slopes across the state where low slopes are predominant in the northeast (i.e. Mississippi alluvial valley) and 
the coastal zone. The gauge score 𝐺𝐺𝐺𝐺𝑠𝑠𝑙𝑙𝑠𝑠 was calculated as the slope of the NHD reach that the proposed gauge is 
located on scaled by the maximum such slope for all proposed gauges in the HUC8 where the proposed gauge is 
located. 𝐺𝐺𝐺𝐺𝑠𝑠𝑙𝑙𝑠𝑠 is defined in equation (4): 
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𝐺𝐺𝐺𝐺𝑠𝑠𝑙𝑙𝑠𝑠 = �
0, 𝑠𝑠𝑙𝑙𝑠𝑠 ≤ 0

1 − (𝑙𝑙𝑙𝑙𝑙𝑙 (𝑠𝑠𝑙𝑙𝑠𝑠 ∗ 1,000,000) 𝑙𝑙𝑙𝑙𝑙𝑙 (𝑚𝑚𝑚𝑚𝑚𝑚(𝑠𝑠𝑙𝑙𝑠𝑠 ∗ 1,000,000))⁄ ), 𝑠𝑠𝑙𝑙𝑠𝑠 > 0  (4) 

where 𝑠𝑠𝑙𝑙𝑠𝑠 is the slope of the NHD reach that the proposed gauge is located on, and 𝑚𝑚𝑚𝑚𝑚𝑚(𝑠𝑠𝑙𝑙𝑠𝑠 ∗ 1,000,000) is 
the maximum such slope for all proposed gauges in the HUC8 where the proposed gauge is located. Note that 
some of the suggested gauges do not lie on the NHD flowline network. This meant that channel slope 
information was not readily available for these gauges, thus the score due to stream reach slope 𝐺𝐺𝐺𝐺𝑠𝑠𝑙𝑙𝑠𝑠 was not 
factored in the calculation of the overall 𝐺𝐺𝐺𝐺 for these gauges.  

 
Figure 7. Spatial distribution of percent channel slope across the 
state. 

 
Figure 8. FEMA flood zones in Louisiana. 

FLOOD ZONE 

𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓 is the gauge score due to being in a FEMA flood zone. Watersheds that have been prone to floods in the 
past will have higher priority for additional gauge placement. We identified such watersheds using FEMA flood 
zone maps. Figure 8 shows FEMA flood zones in Louisiana. 𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓 was based on whether a suggested gauge is in 
zone A, AE, flood way, or other FEMA flood zones and is defined in equation (5): 

𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓 = �
 0, 𝑓𝑓𝑓𝑓 =′ 𝑋𝑋′ 𝑙𝑙𝑜𝑜 𝑓𝑓𝑓𝑓 = ′𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑊𝑊𝐴𝐴𝑊𝑊𝑂𝑂𝑅𝑅′ 𝑙𝑙𝑜𝑜 𝑓𝑓𝑓𝑓 = ′𝐴𝐴𝑅𝑅𝑂𝑂𝐴𝐴 𝑂𝑂𝑂𝑂𝑊𝑊 𝐼𝐼𝑂𝑂𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑂𝑂𝐼𝐼′

1.0, 𝑓𝑓𝑓𝑓 = ′𝐴𝐴′𝑙𝑙𝑜𝑜 (𝑓𝑓𝑓𝑓 =′ 𝐴𝐴𝑂𝑂′𝑚𝑚𝑎𝑎𝑎𝑎 𝑓𝑓𝑠𝑠𝑓𝑓 =′ 𝐹𝐹𝐼𝐼𝑂𝑂𝑂𝑂𝐼𝐼𝑊𝑊𝐴𝐴𝑌𝑌′)
0.5,𝑓𝑓𝑙𝑙𝑜𝑜 𝑚𝑚𝑙𝑙𝑙𝑙 𝑙𝑙𝑓𝑓ℎ𝑒𝑒𝑜𝑜 𝑓𝑓𝑙𝑙𝑙𝑙𝑙𝑙𝑎𝑎𝑓𝑓𝑙𝑙𝑎𝑎𝑒𝑒𝑠𝑠

  (5) 

where 𝑓𝑓𝑓𝑓 is the FEMA flood zone, and 𝑓𝑓𝑠𝑠𝑓𝑓 is the FEMA flood zone subtitle. The rationale for giving gauges in 
flood zone “A” a score of 1.0 is that these gauges lack base flood elevations and as such these areas would 
benefit most from the additional information provided by a new flow gauging site. Likewise, gauges in flood 
zone “AE” that are also within floodways were also assigned a score of 1.0 to reflect the increased sensitivity to 
flood risk due to changes in land use within these areas. 
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HYDRAULIC CONTROL STRUCTURES 

Hydraulic structures that play a significant role in controlling stream flow (e.g., gates, dams, flow diversions) 
should be prioritized when allocating additional streamflow gauges as they can plan critical role in flood 
response and mitigation. 𝐺𝐺𝐺𝐺𝑑𝑑𝑎𝑎𝑚𝑚 is the gauge score due to proximity to hydraulic control structures is based on 
structures listed in the USACE structure database (Figure 9). Gauges close to USACE-listed structures and 
monitoring the same hydrologic features were given a score of 1.0. All other gauges were given a score of 0. 

 
Figure 9. Hydraulic structures listed in the USACE hydraulic structure database. 

FORMER USGS GAUGE SITES 

𝐺𝐺𝐺𝐺𝑈𝑈𝐺𝐺𝐺𝐺𝐺𝐺 is the gauge score due to being a former (discontinued) USGS stage or streamflow gauge site (Figure 3). 
Proposed gauges that monitor the same hydrologic features as a discontinued USGS were assigned a score of 
1.0, all other proposed gauges were assigned a score of 0.0. The intent of this score is to build on the already 
available historical record at discontinued gauges as well as to take advantage of existing gauge infrastructure. 

PROXIMITY BETWEEN GAUGES SUGGESTED BY USGS, NWS AND 
STAKEHOLDERS 

𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠ℎ𝑙𝑙𝑙𝑙𝑑𝑑𝑠𝑠𝑜𝑜 is the gauge score due to proximity to stakeholder suggested gauges (Figure 2). This criterion is 
intended to give USGS (discontinued or suggested; Figure 3) or NWS suggested gauges (Figure 4) more weight if 
they are close to and monitoring the same hydrologic features as those suggested by stakeholders. Such USGS 
and NWS gauges were given a score of 1.0, other gauges not proximal to stakeholder suggested gauges were 
given a score of 0.0. Stakeholder-suggested gauges that would monitor the same hydrologic features (e.g. NHD 
reach) as these USGS or NWS suggested sites were removed from further prioritization analysis. This was done 
to avoid repetition between similar gauge locations, build on prior work and analyses done by USGS and NWS, 
while also making sure that stakeholder feedback receives due consideration. 
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INUNDATION FREQUENCY 

𝐺𝐺𝐺𝐺𝑖𝑖𝑓𝑓 is the gauge score due to inundation frequency based on Gulf Coastal Plans and Ozarks (GCPO) LCC 
inundation frequency mosaic dataset (Allen, 2017; Figure 10). The GCPO inundation frequency value (0-100) at 
the site of the proposed gauges was scaled by the maximum such value for all proposed gauges in the HUC8 
where the proposed gauge is located. 𝐺𝐺𝐺𝐺𝑖𝑖𝑓𝑓 is defined in equation (6): 

𝐺𝐺𝐺𝐺𝑖𝑖𝑓𝑓 = �
0, 𝑚𝑚𝑚𝑚𝑚𝑚 (𝑖𝑖𝑓𝑓) = 0

𝑖𝑖𝑓𝑓 𝑚𝑚𝑚𝑚𝑚𝑚 (𝑖𝑖𝑓𝑓)⁄ , 𝑚𝑚𝑚𝑚𝑚𝑚(𝑖𝑖𝑓𝑓) > 0   (6) 

where 𝑖𝑖𝑓𝑓 is the GCPO inundation frequency value (0-100) at the site of the proposed gauge, and 𝑚𝑚𝑚𝑚𝑚𝑚 (𝑖𝑖𝑓𝑓) is the 
maximum such value for all proposed gauges in the HUC8 where the proposed gauge is located. 

 
Figure 10. Inundation frequency mosaic created by Gulf Coastal Plains and Ozarks LCC 

VALIDATION OF GAUGE SELECTION USING MANUAL INSPECTION 
AND QUALITY ASSURANCE 
After completing the automated criteria-based gauge site scoring was complete, additional validation and 
manual inspection was performed for all scored gauges to add a quality assurance to the automated scoring 
process described above. This validation and quality assurance steps incorporate expert-level hydrologic and 
hydraulic analysis to ensure that the following aspects were considered in the selection process and the 
recommended design of the LWI network: 

• Flood risk to surrounding populations or facilities; 
• Detection of duplicate scored gauges in the dataset; 
• Whether new information would be provided (relative to proximal gauges, both existing and proposed); 
• Presence of regulating water control structures or inflow/out of into managed water bodies (e.g. 

reservoirs, river reaches); 
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• Estimated value for hydrologic model calibration;  
• Geographic gaps in the distribution of existing and proposed new gauging site across and within LWI 

modeling regions; and 
• Site access and logistics. 

As a result of considering these manual quality assurance aspects some highly scored gauges were removed 
from selection, while other moderately scored gauges were selected. For example, one gauge along the 
Ouachita River suggested by Catahoula Parish OHSEP (Figure 11) received a low to average score due to little to 
no impervious surfaces nearby, not being in a flood zone, and not being close to discontinued USGS gauges. 
However, after inspecting the location, the gauge was found to be near the outlet of a HUC8 watershed, and 
would monitor a large ungauged area, therefore the gauge was selected for inclusion. 

Another example of a low-scoring gauge was along Bayou Teche just downstream from Bayou Courtableau near 
Port Barre (Figure 12). This gauge will provide new information on a reach that is a source of major local flooding 
but where there is no current flow information (though USACE appears to have activated a stage gage nearby on 
US-190). This gauge would allow quantification of how much flow enters Bayou Teche at its headwaters and will 
be beneficial for both HMS and RAS models and would assist the regulation of the Teche-Vermilion Flow 
augmentation program. 

 
Figure 11. Example of manual quality assurance of automated scoring: Ouachita River 
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Figure 12. Example of manual quality assurance of automated scoring: Bayou Teche 

CRITERIA FOR COASTAL STATION SELECTION 
For the purpose of selecting coastal monitoring locations, the coastal zone of Louisiana is defined as low 
elevation land area proximal to the land-ocean interface where the principal source of flooding will be 
astronomical and meteorological tides, storm surges, and even seiches or tsunamis, rather than riverine 
flooding. As such, extreme precipitation events can generally be expected to generate less severe flooding in the 
coastal zone than in upland areas. However, given that many extreme precipitation events are associated with 
tropical storms that can generate additional flooding risks from storm surge, these areas cannot be overlooked 
for gauging and flood risk modeling. Further, this compound flooding (runoff and storm surge) can also worsen 
flooding risks further inland by funneling storm surge upriver and stream channels, slowing and even reversing 
runoff from upland watersheds. 

The inland extent of the coastal zone can be defined by different boundaries (e.g., mean salinity concentration, 
tides, storm surge runup, elevation, vegetation, etc.). We have chosen to follow two definitions (Figure 13). The 
first is the portion of Louisiana that FEMA defines as the coastal zone and is used by the LA Department of 
Natural Resources (green-shaded area Figure 13). This encompasses all or a portion of 20 Louisiana parishes and 
four of seven LWI modeling regions. The second coastal zone definition is the inland boundary of ADCIRC storm 
surge model domain, which is the beige-shaded area that extends slightly further inland than the FEMA 
boundary as shown in Figure 13. 
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Figure 13. Definition of the coastal zone land area in Louisiana utilized by Louisiana Department of Natural Resources from FEMA maps 
(blue polygon) and the inland domain limit of the ADCIRC storm surge modeling performed by Louisiana CPRA for the State Master Plan 

Three primary criteria were followed in identifying new gauge locations in the coastal region:  

(1) The point at which HUC8 trunk channels, or larger HUC12 tributary channels to the trunk channel, cross 
into the coastal zone as defined by the FEMA/ADCIRC boundary. Outlets of major (HUC12) tributaries 
will be selected when their convergence to a HUC8 trunk channel occurs within the coastal zone. These 
key points will serve as funnels for storm surge into upland parts of coastally connected HUC8 
watersheds, and their gaging will allow models to better predict compound flood risk.  

(2) Larger cross-section channelized locations where storm surge enters the coastal zone at the land-sea 
interface, and at confined exchange points between large coastal zone water bodies (e.g. estuaries and 
lakes) as the surge proceeds inland. Calibrating storm surge models such as ADCIRC requires gauging at 
these locations of bi-directional discharge as well as monitoring water level to quantify volumes and 
pathways of surge, and ebb surge compounded by runoff from associated storm precipitation. 

(3) Hurricane floodgates in bayous and nav channels, some of which are associated with levee protection 
systems like Morganza-to-the-Gulf, as well as Gulf Intracoastal Water Way (GIWW) gates. These provide 
possible monitoring points to assess surge (immediately outside) or backup (immediately inside). 

In addition to these three over-arching criteria, the following factors were considered to further identify the 
highest priority stations locations in the coastal zone: (1) proximal to stakeholder suggested gauges; (2) are 
discontinued USGS gauging sites; (3) are sites presently gauged for water level but not discharge by the USGS; or 
(4) are located near key water control structures operated by the USACE or other state and federal agencies. 

CRITERIA FOR STAGE-ONLY SITES 
As explained earlier, the 100 LWI new gauging sites will monitor three primary variables: stage, flow rates and 
rainfall. However, and due to resource constraints, only ~80 of these will be gauges that monitor streamflow 
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rates, and ~20 will monitor stream stages only. Therefore, it necessary to identify which sites where stage-only 
measurements could be adequate from a hydrological perspective. To do so, a manual analysis will be 
conducted to identify gauges which could function as stage-only out of the full gauge network. The main criteria 
for making the identification will be based the following factors: 

a) Proximity to active USGS flow gauges 
b) Potential ability to infer flow from a combination of nearby active or proposed flow gauges in the 
network 
c) Potential ability to infer flow from reservoir/spillway rating curves 
d) Stakeholder feedback specifically requesting stage-only 

In cases lacking a clear justification for a stage-only designation based on the above criteria, we conservatively 
assumed a flow gauge would be required. The analysis will be performed on each of the selected inland gauge 
locations. Note that all coastal-designated sites will not be subject to this stage-only identification process, 
simply due to the availability of numerous coastal CRMS sites that already measure stage.   

RESULTS 

GAUGE SELECTIONS IN UNMONITOERED HUC8 WATERSHEDS  
A total of eight HUC8 watersheds that are not currently monitored by any gauges within their domain were 
assigned gauges at their respective outlets (Figure 14). These gauges are referred to as Tier 1 gauges. However, 
if stakeholders, USGS or NWS suggested a location within the upstream vicinity of an unmonitored HUC8 outlet, 
that location was included as part of Tier 1, instead of the HUC8 outlet.  

 
Figure 14. Proposed LWI flow gauges for ungauged HUC8 watersheds 
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AUTOMATED GAUGE SCORING OF INLAND GAUGES 
Results of automated gauge site scoring are summarized in Table 3 and displayed in Figure 15. The automated 
scores were grouped into five rankings, with the highest rank, Rank 1, corresponding to gauge scores ranging 
from 47 to 75, Rank 2 scores ranging from 34 to 47, and so on down to Rank 5 (Table 3). Automated gauge 
scores were classified into the five ranks using Jenks natural breaks optimization. The Jenks natural breaks 
method groups data into classes that minimize variance within classes and that maximize variance between 
classes. There was a total of 40 gauges with the highest ranking. Nineteen (19) of these were gauges suggested 
by stakeholders, fourteen (14) were recent (post-1970) discontinued USGS gauges, three (3) were from USGS 
statistical analysis, and four (4) were from NWS suggested gauges. 

Table 3. Cross tabulation of scored potential gauges by categories: Stakeholder gauges, USGS discontinued gauges (post-1970), USGS 
statistical analysis, and NWS suggested gauges. 

Automated 
score 
ranking 

Stakeholder 
gauges 

USGS 
discontinued 

(post-1970) 

USGS 
statistical 

analysis 

NWS 
suggested 

gauges 

Total 

Rank 1 19 14 3 4 40 

Rank 2 83 7 3 14 107 

Rank 3 135 3 3 12 153 

Rank 4 98 1 6 10 115 

Rank 5 44 0 1 2 47 

Total 379 25 16 42 462 

 

 
Figure 15. Intermediate results of criteria-based gauge site score for inland sites 
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GAUGE SELECTIONS IN COASTAL REGION 
In total, there were 34 coastal gauge sites selected using the criteria for coastal station prioritization described 
earlier. These coastal sites are displayed in Figure 16. The 34 sites were further classified into three main groups 
(Figure 17) that reflect varying prioritization levels within the coastal zone. The three groups are as follows: 10-
priority 1 (upland-coastal interface) sites, 18-priotiy 2 (gulf interface) sites, and six-priority 3 (coastal exchanges) 
sites. 

 
Figure 16. Proposed coastal stations selected using three primary criteria 

 
Figure 17. Proposed coastal prioritized stations 

COMBINED GAUGE SELECTIONS FOR LWI NETWORK 
This section presents the combined results on gauge selections using the process described above. While the 
target goal of the analysis is to produce a network design with ~100 gauges across the state, it is desirable to 
identify more than 100 gauges in the network design, given the likelihood that some proposed gauge sites may 
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prove to be infeasible for logistical reasons and budget availability. As such, a total of 123 new sites are included 
in the final set of gauge selections. These sites were initially comprised of: (1) eight locations that were 
identified in HUC8 watersheds that lack gauges; (2) 40 locations identified as Rank 1 in the automated site 
scoring analysis for inland flow gauges; and (3) 34 locations identified as priority sites for coastal flow gauges. 
The manual expert-based quality assurance and validation analysis revised the selections to remove some of the 
40 Rank-1 locations, and promote some of the Rank 2 and 3 locations, resulting in the final 123 sites shown in 
Figure 19. For reference purposes, the existing USGS streamflow and stage gauges as well as Coastwide 
Reference Monitoring System (CRMS) monitoring stations are first shown in Figure 18.  

A summary of the 123 gauges by source and LWI modeling region is provided in Table 4. For comparison, a 
summary of existing USGS and CRMS gauges can be found in Table 5. As described earlier, detailed prioritization 
of the 123 gauges is possible as needed using the automated scoring results for inland gauges, and the internal 
prioritization criteria within the coastal region. An interactive ArcGIS Online Map showing the selected gauges 
for LWI network and their scoring is available here http://arcg.is/1G1vyK.  

 
Figure 18. Current USGS (streamflow and stage) and CRMS monitoring stations. 

http://arcg.is/1G1vyK
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Figure 19. Combined results of gauge selection criteria showing: (1) LWI streamflow gages in ungauged HUC8 watersheds; (2) priority 
sites for inland gauges; and (3) priority sites for coastal flow gauges. Existing USGS (streamflow and stage) as well as CRMS stations are 
shown for comparison. 

Table 4. Distribution of the 123 gauge locations selected for the LWI network grouped by type and LWI modeling region 

Region Flow gauges in 
ungauged HUC8 

watersheds 

Priority sites 
for coastal 

flow gauges 

Stakeholder 
gauges 

USGS 
discontinued 

(post-1970) 

USGS 
statistical 

analysis 

NWS 
suggested 

gauges 

Total 
gauges 

per region 

1 3 n/a 5 10 0 0 18 

2 2 n/a 8 6 1 0 17 

3 0 n/a 5 4 1 1 11 

4 0 4 8 4 0 2 18 

5 0 11 9 6 0 0 26 

6 3 12 2 1 2 0 20 

7 0 7 2 0 0 4 13 

Total 
gauges 

8 34 39 31 4 7 123 
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Table 5. Summary of existing USGS and CRMS gauges by LWI modeling region 

Region USGS active flow 
gauges  

USGS active stage 
gauges  

CRMS gauges Total existing 
gauges per region 

1 11 24 n/a 45 

2 13 9 n/a 22 

3 7 12 n/a 19 

4 24 16 45 85 

5 13 24 114 151 

6 8 49 193 250 

7 21 62 38 121 

Total gauges 97 196 390 693 

 

IDENTIFICATION OF 100 STREAMFLOW AND STAGE SITES  
As described earlier, the LWI network design will be comprised of 100 sites for new stream monitoring gauges. 
The analysis presented thus far resulted in 123 gauges, allowing for additional 23 contingency sites. However, to 
allow immediate implementation of the LWI network, a further prioritization was conducted to narrow the 123 
sites down to 100 locations. This prioritization was based on the numerically-ranked scores of the potential 
inland locations, and also by selecting the “priority 1” coastal locations (Figure 17). The results are shown in 
Figure 20.  However, it should be noted that the specific selection of the final 100 sites might be further refined 
based on additional factors such as site accessibility and local considerations.   

To meet the LWI requirements of 80 streamflow sites and 20 stage-only sites, the 100 sites were subject to 
further analysis to identify ~20 sites for stage-only monitoring. This was done based on examining factors such 
as: proximity to active USGS streamflow gauges, potential ability to infer flow from a combination of nearby 
active or proposed streamflow gauges, potential ability to infer flow from reservoir/spillway rating curves, and 
stakeholder feedback specifically requesting stage-only gauges. An example of this analysis is shown in Figure 
21. The specific locations of the sites identified for stage-only gauges are shown in Figure 20.   

The final set of 100 sites recommended for the LWI network is shown in Figure 20. A summary of the 100 gauges 
by type (streamflow and stage) and LWI modeling region is provided in Table 6. An interactive ArcGIS Online 
Map showing the selected 100 gauges recommended for the LWI network and their type classification is 
available at http://arcg.is/0mrS4f (Table 7). 

http://arcg.is/0mrS4f
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Figure 20: Locations of the 100 gauges sites for the new LWI network grouped into streamflow and stage-only sites. Existing USGS and 
CRMS sites are also shown 
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Figure 21: Example of stage only identification procedure. The stage-only determination was based on stakeholder request to support 
operations of the Black Bayou Pump Station and Outfall Structure. The region shown is the Ouachita watershed located 

 

Table 6: Distribution of 100 gauge locations recommended for the LWI network grouped by type (streamflow and stage) and modeling 
region 

Region Priority sites: 
flow gauges 

Priority sites: stage-
only gauges 

Total gauges per 
region  

1 18 0 18 

2 13 4 17 

3 9 2 11 

4 11 5 16 

5 13 5 18 

6 6 2 8 

7 12 0 12 

Total 82 18 100 

 

Table 7: Weblinks to ArcGIS Online interactive showing the locations of gauges recommended for the LWI network 

Description Weblink 
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Locations of top 123 gauges (100 + 23 for contingency) with 
detailed scoring attributes and inland/coastal designation; 
a data dictionary is available as a data table in the online 
map 

http://arcg.is/1G1vyK 

Locations of proposed LWI 100 gauges classified by type: 
stage-only and streamflow gauges 

http://arcg.is/0mrS4f  

 

IDENTIFICATION OF NEW RAIN GAUGE SITES 
Enhancing rainfall monitoring is another goal of the LWI network.  Therefore, in addition to identifying potential 
sites of new streamflow gauges, we also analyzed locations where the addition of rain gauges would be 
beneficial to flood modeling, forecasting, and watershed management. Current rainfall monitoring over 
Louisiana is available through two main sources: in-situ rain gauges distributed across the state, and four 
NEXRAD weather radars located near Lake Charles, Slidell, Fort Polk and Shreveport, with partial coverage from 
a radar site in Jackson, MS (Figure 20). Rain gauges are primarily operated by agencies such as USGS and NOAA 
and have varying data collection frequencies. Some of these rain gauges have 15-minute reporting frequency, 
while others are registered with the Hydrometeorological Automated Data System (HADS) network and report 
mostly hourly data (Figure 20). Hourly or sub-hourly precipitation data is often required to calibrate hydrologic 
models (note: daily-reporting rain gauges over Louisiana are not shown). The spatial distribution of hourly (or 
sub-hourly) rainfall gauges shows clear coverage gaps over many regions in the state.  Similarly, there are some 
areas that are not adequately covered by the radar domains. Therefore, there is a need to enhance the existing 
rainfall monitoring in the state by identifying locations where new gauges should be added as part of the LWI 
network. In this study, the following two criteria were used to identify such locations:  

(a) Adding rain gauges to all of the new LWI network sites: Given the significant investments expected in 
installing the new LWI streamflow gauge sites, the LWI network will add a rain gauge to each of the new 
streamflow sites. This will increase the number of rain gauges over the state by ~100 new LWI sites. The 
spatial distribution of the new rain gauges will be the same as that of the streamflow sites shown earlier 
in Figure 19 and Table 4. 

(b) Adding rain gauges in regions that don’t have adequate radar coverage: Louisiana is covered by four 
radar sites (Figure 22) that provide rainfall observations with high temporal and spatial resolutions. 
Radar-rainfall measurements are processed by the NWS regional River Forecasting Centers (the Lower 
Mississippi River Forecasting Center in Louisiana) and are merged to produced national-scale rainfall 
products such as the Stage IV product (Eldardiry et al., 2015; Habib et al., 2009). The resolution of the 
Stage IV is ~1.54x1.54 mi2 (4x4 km2) spatially and 1-hour temporally. Another recent radar rainfall 
product is the NOAA’s NSSL MRMS (Sharif et al., 2020). MRMS has a spatial resolution of 0.386 x 0.386x 
mi2 (1x1 km2) and hourly temporal resolution. The Stage IV product has a longer historical data record 

http://arcg.is/1G1vyK
http://arcg.is/0mrS4f
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than MRMS.  These products provide valuable data to the LWI modeling program and other related 
efforts. An NWS radar has a typical coverage of about 126 miles (203 km) measured radially from its 
sites (Figure 22); however, the quality of radar retrievals is known to deteriorate with the increase of 
distance away from the radar site. This is simply because the radar beam becomes too high into the 
atmosphere and starts to lose resolution and doesn’t become representative of surface conditions. 
When the lowest radar beam (0.5°elevation angle) reaches a height of 2-km or higher into the 
atmosphere over a certain location, the radar retrievals become of considerably lower quality. 
Examining Figure 22, and based on the locations of the NEXRAD sites, regions with sub-optimal radar 
coverage are mostly within the southcentral and northcentral/northeastern areas of the state. However, 
the placement of a new rain gauge to each of the new 100 LWI monitoring sites (Figure 20) seems to 
address gaps over most of the areas that have sub-optimal radar coverage, except areas that are in the 
most southcentral and southeaster coastal areas of the state. Therefore, it is recommended that current 
USGS sites that are located in these areas and don’t monitor rainfall should be upgraded to include a 
rain gauge (Figure 22). Adding rain gauges to some of the existing USGS sites will support the radar-
rainfall estimation process at the Lower Mississippi River Forecasting Center (e.g., by bias-correction of 
radar estimates), but will also enhance the quality of rainfall information overall by adding more in-situ 
monitoring resources.  

The addition of rain gauges to each of the new stream sites of the LWI network (~100 sites), as well as to a 
sub-set of the existing USGS sites that currently don’t have rain gauges in the most southcentral and 
southeaster coastal areas of the state with inadequate radar coverage, will significantly enhance rainfall 
monitoring over the  entire state and will provide comprehensive rainfall datasets needed for watershed 
modeling and management activities.   
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Figure 22. New rain gauges to be added to existing USGS sites that don’t currently monitor rainfall, especially in the southcentral and 
southeaster coastal areas of the state where radar coverage is not optimal. Other areas in the state will benefit from rainfall monitoring 
as part of the new LWI 100 stream sites where rain gauges will also be deployed.  
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APPENDIX: SOURCES OF DATA USED IN SELECTION CRITERIA  

This section describes the datasets that were used to develop the above-mentioned gauge selection criteria. 
Table 7 shows description of the datasets and their sources. 

Table 8. Dataset sources for the gauge selection criteria. 

Criterion Dataset  Source/Link 
HUC8s lacking gauges Existing Gauge Locations Available via USGS, NWS, NOAA, 

and USACE 
Proximity to discontinued 
USGS gauges and NWS 
recommended gauges 

Discontinued USGS gauges and 
NWS suggested gauges 

Data provided by USGS and NWS 
gauges 

Percent imperviousness National Land Cover Database 
(NLCD) 2016 percent impervious 

https://www.mrlc.gov/national-
land-cover-database-nlcd-2016  

Drainage Area National Hydrography Dataset 
(NHD); NHDPlus dataset 
attributes 

https://www.epa.gov/waterdata/
nhdplus-national-hydrography-
dataset-plus  

Flood Zones Flood zones  https://hazards.fema.gov/gis/nfhl
/rest/services/public/NFHL/MapS
erver/  

Hydraulic Structures Databases of hydraulic 
structures 

• National Inventory of Dams 
(NID) – Available at 
http://nid.usace.army.mil or 
through the State Dam Safety 
Engineer, Louisiana DOTD   

• National Bridge Inventory 
(NBI) – Available at 
https://www.fhwa.dot.gov/bri
dge/nbi/ascii.cfm  

Stream slope  NHDPlus dataset https://www.epa.gov/waterdata/
nhdplus-national-hydrography-
dataset-plus 

Frequency of Inundation  GCPO Inundation Frequency 
Mosaic 

https://gcpolcc.databasin.org/dat
asets/0d0c5fb9d42f45d3a0a2387
2eda23543 
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