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Executive Summary 

This report assesses road-stream crossings in two subwatersheds in the Raritan Bayshore of New 

Jersey (Figure 1): the Matawan Creek subwatershed below Ravine Drive and the Matawan Creek 

subwatershed above Ravine Drive. Road-stream crossings were assessed based on aquatic 

connectivity, vulnerability to storms, and infrastructure condition to assist stakeholders in advancing 

restoration planning and capital projects that will replace problematic road-stream crossings with 

climate- and connectivity-friendly versions.  

The New York - New Jersey Harbor & Estuary Program is recommending seven priority 

restoration projects in the two subwatersheds that will address aquatic connectivity, 

hydrologic capacity, and/or infrastructure condition, including two priority crossings––both 

dams––which are severe barriers for migratory fish, blocking passage for diadromous fish to the 

entire Matawan Creek west subwatershed and almost the entirety of Gravelly Brook. 

Figure 1. Matawan Creek subwatershed above Ravine Drive (west subwatershed) and below Ravine 
Drive (east subwatershed). Road-stream crossings are displayed as points along the river network by 
type of crossing.  Watershed boundaries3 and streamlines4 from USGS. Base map from OpenStreetMap. 

http://openstreetmap.org/copyright
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Introduction  

 

The New York-New Jersey Harbor & Estuary Program (NY-NJ HEP) engages people, partners, 

and communities to collaboratively advance understanding, improve stewardship, and enhance our 

shared waters and watersheds. Each subwatershed of the New York-New Jersey Harbor and 

Estuary is made up of a complex network of rivers and streams overlapping with human 

transportation infrastructure, like roads. An intersection between a road or railroad and a stream is 

called a road-stream crossing––generally a culvert or a bridge that allows streams to flow under 

or through transportation infrastructure. 

Aquatic connectivity is a key restoration goal for the NY-NJ HEP and its partners. It is the degree in 

which aquatic habitats are linked. In the context of streams and rivers, this generally refers to the 

degree in which aquatic organisms can move upstream and downstream within a river network. 

Dams and road-stream crossings can reduce aquatic connectivity by blocking or limiting passage for 

aquatic organisms. 

Loss of aquatic connectivity has contributed significantly to declines in aquatic biodiversity,1,2 

particularly for migratory fish like diadromous fish (e.g., American eel, river herring, striped bass), 

which travel between freshwater and marine environments at different life stages. Barriers can also 

reduce available habitat for potamodromous fish, migratory fish which spend their entire life in 

freshwater but travel between different parts of a river network at different life stages. 

Road-stream crossings are also potential points of vulnerability for transportation 

infrastructure. Many culverts and bridges may be unable to accommodate higher water volumes 

during storms, for example, due to a crossing being undersized or because of blockage by debris. 

The crossing can also be vulnerable to failure if it is deteriorated. Impacts of storms on crossings can 

range from a stream overtopping the road––causing flooding and potential road closures, to erosion, 

to more severe outcomes like downstream damage and loss of life. 

Dams and road-stream crossings need to be individually assessed for their condition, vulnerability to 

storms, and how well they allow passage for aquatic organisms, generally and for diadromous and 

potamodromous fish specifically. This report assesses those criteria in the Matawan Creek 

subwatershed, located in the Raritan Bayshore of New Jersey, to identify crossings that are in need of 

restoration. 

https://hudsonriver.org/estuary-program/
https://hudsonriver.org/article/actcri/
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Background 

Road-stream crossings were historically designed to move water through a structure5 from one 

side to the other, without accounting for ecological considerations such as aquatic organism passage, 

the movement of sediment and woody debris, or the natural hydrology of the system. Many crossings 

are undersized for the stream, constricting streamflow and causing erosion downstream of the outlet, 

sediment deposition at the inlet, or blockage of the culvert with natural debris such as large logs, 

leaves, or sediment.5 Blocked culverts can further reduce the volume of water the crossing can 

transport, causing overtopping of the road during high flows, and potentially even reducing aquatic 

passage if the blockage is significant enough. These considerations have historically not been 

accounted for during crossing design and installation. 

Even properly designed crossings can become barriers for aquatic organisms or vulnerable to storms 

because they are “static structures in dynamic systems.”5 A stream bed can erode over time, resulting 

in a drop at a crossing outlet that makes upstream aquatic passage difficult. Many crossings were 

designed based on historical climate conditions, but today there is more frequent extreme weather, 

such as storms that dump large amounts of rainfall in short periods of time. As of 2020, in New Jersey, 

the frequency of these events had increased by 71%6 over the last 50 years, and in 2009, the New 

Jersey Department of Transportation identified that many of their steel culverts were at the end of 

their 30-year service life.7 More frequent extreme weather coupled with deteriorating infrastructure 

condition with age means that crossings are more vulnerable to failure. 

The primary form of restoration that should be considered is replacement of a crossing with a 

climate- and connectivity-friendly version that can both accommodate current and future climate 

conditions and allow for the passage of aquatic organisms to improve habitat connectivity in the 

watershed’s tributaries. In the case of dams, removal rather than replacement is recommended, as 

dams inherently inhibit aquatic passage and may also cause or exacerbate downstream flooding.8 

   
Stream crossings in the Matawan Creek subwatershed, NJ. 
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When replacement or removal is not possible, fish ladders can be considered if aquatic passage is the 

only concern; however, fish ladders are not as effective, as they do not provide passage for most 

aquatic organisms,9 and they do not address hydrologic capacity issues. Thus, fish ladders should only 

be considered when a more comprehensive restoration option––such as dam removal or crossing 

replacement––is not feasible. 

Summary of Methodology 

Study Area | The two subwatersheds assessed in this report are the Matawan Creek subwatershed 

above Ravine Drive (HUC14 02030104060020), referred to as “west subwatershed” in this report, and 

the Matawan Creek subwatershed below Ravine Drive (HUC14 02030104060030), referred to as “east 

subwatershed” in this report (Figure 1). They are part of the Raritan Bay / Sandy Hook watershed and 

together make up the Matawan Creek subwatershed. Field assessments were conducted by Save 

Coastal Wildlife and the NY-NJ HEP. 

The watersheds encompass both Middlesex and Monmouth counties, and include Old Bridge 

Township, Aberdeen Township, Marlboro Township, Holmdel Township, Hazlet Township, and Keyport. 

 

Figure 2. Evaluation process for road-stream crossings. 
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Assessment and Modeling | Road-stream crossings were evaluated using: aquatic organism 

passage assessments developed by the North Atlantic Aquatic Connectivity Collaborative 

(NAACC); 10 a watershed-wide aquatic connectivity analysis and model that evaluates crossing impacts 

to diadromous and potamodromous fish passage (using the dendritic connectivity index);11 a 

hydrologic vulnerability model (CULVERT) developed by the USDA Forest Service;12 and infrastructure 

condition assessed using NAACC protocols (Figure 2). NAACC assigns aquatic organism passage 

scores that represent whether a barrier blocks aquatic passage completely, partially, or not at all. 

Hydrologic vulnerability means that a road-stream crossing cannot accommodate certain streamflows, 

resulting in overtopping of the road and flooding and/or downstream erosion. Hydrologic 

vulnerability is measured by the projections of current precipitation for the two-year to the 200-year 

storm return period. 

Scoring | For this report, each dam or road-stream crossing was assigned a letter grade for aquatic 

connectivity, hydrologic vulnerability, and infrastructure condition, and an overall score for all three 

criteria (see Detailed Methodology). Briefly, scores were calculated as follows: 

• Aquatic passage scores were calculated using a formula that accounts for both the crossing’s 

ability to pass aquatic organisms and the crossing’s impact to watershed-wide aquatic 

connectivity for diadromous and potamodromous fish. 

• Crossings that are vulnerable to 25-year or more frequent storm events received a failing 

grade for hydrologic vulnerability. The recommended standard for most freeway and highway 

infrastructure is to be able to accommodate a 50-year storm event according to the NJ 

Department of Transportation.13 

• A score of “Poor” for infrastructure condition under NAACC protocols is “intended for 

structures where the material appears to be failing, such as metal culverts with rot, or 

concrete, stone or wooden structures that are already collapsing, or in danger of immediate 

failure.”10 In this report, “Poor” culverts were given a failing grade for infrastructure condition, 

and all other NAACC infrastructure conditions (e.g., OK, New, Unknown) are assigned a score 

of “Good,” equivalent to a grade of A. 

Together, these criteria are combined into an overall score to prioritize crossings that score low in 

multiple criteria. Any missing score for a crossing was assigned an A. Because aquatic connectivity is a 

key restoration goal of the NY-NJ HEP, the overall score is weighted more heavily for aquatic 

connectivity. 

Results Summary 

The NAACC identified a total of 82 crossings in the two subwatersheds (Figure S1). 

Aquatic Connectivity | The aquatic connectivity issues in these subwatersheds stem from both 

road-stream crossings (bridges and culverts) as well as dams that support lakes and ponds, many of 

which are owned by local municipalities. Out of the 82 crossings, 22 crossings (27%) were 

considered moderate to severe barriers for aquatic organism passage (Figure 3).  
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Figure 3. Map (a), pie chart (b), and network connectivity diagram (c) of the aquatic passability (see next paae) 
score 10 for the 82 culverts identified in the two subwatersheds, from severe barrier to aquatic organisms (red) 
to no barrier to aquatic organisms (blue). 

Although 22 crossings were moderate to severe barriers to aquatic organisms (Figure 3), a 

disproportionate few had the greatest impact on watershed-wide connectivity for diadromous and 

potamodromous fish (Figure 4). Modeling assessments of diadromous and potamodromous fish 

passage identified two dams which had the greatest impact to diadromous and potamodromous 

watershed-wide aquatic connectivity. These high priority dams are proposed for restoration––MW10 

(Lake Lefferts Dam) and GB1 (Matawan Lake Dam), the two largest points in Figure 4, respectively. 

 

Figure 4. Modeled fraction improvement to watershed-wide (including both subwatersheds) aquatic 
connectivity for diadromous fish (a) and potamodromous fish (b) with barrier removal. The larger the point, the 
more improvement with barrier removal–indicating the greatest impact to connectivity. 
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  c 

 

Network connectivity diagram (c) from Figure 3 (see previous page). 
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Hydrologic Vulnerability | NJ Department of Transportation recommends that road-stream 

crossings for most highways and freeways be built to sustain the peak streamflow for at least the 50-

year storm event.13 Of the 39 crossings assessed for hydrologic vulnerability, six (~15%) were 

vulnerable to projections of 2- to 25-year storm events using current precipitation estimates (Figure 5). 

All of these crossings were located in the Matawan Creek east subwatershed (Figure 5a). As 

precipitation is likely to further increase into the future, more frequent extreme weather events could 

mean even greater vulnerability for current infrastructure. The crossings identified here as 

hydrologically vulnerable are likely undersized and many are also blocked by debris such as large 

logs, leaves, or sediment suggesting that restoration is needed. 

 

Figure 5. Map (a) and pie chart (b) showing hydrologic vulnerability of each crossing to storms, ranging from 2-
year (red) to 200-year (blue) storm events. NA = no data available. Missing values are omitted in the pie chart, 
so the percent is out of the 39 crossings assessed for hydrologic vulnerability. 

Infrastructure Condition | Nine (~11%) of the 82 

total crossings were in “Poor” condition (Figure 6), 

indicating that crossing material appears to be failing. 

Summary | Using all three of these criteria together, 

nine road-stream crossings and dams were assigned a 

score of C or lower, four of which were assigned a 

grade of F. Based on this assessment, five of these 

road-stream crossings and two dams are 

recommended for restoration (Figure 7, Table 1). One 

of these crossings (LRA1) is in the west subwatershed, 

whereas all the others are in the east subwatershed. In 

general, crossings in the west subwatershed scored 

better than those in the east subwatershed. 

   

    
  

   

  

   

   

   

      

      

       

       

        

        

              

  

    

    

  

Figure 6. Map showing the infrastructure 
condition of each crossing in both subwatersheds. 
NA = no data available. 
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Figure 7. All crossings in the two subwatersheds, listed by grade. Crossings prioritized for restoration are labeled and shown in insets to the right. Base map 
data from OpenStreetMap. 

http://openstreetmap.org/copyright
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Recommendations 

Seven road-stream crossings and dams are recommended for restoration in the two subwatersheds 

(Figure 7, Table 1). Only one of these, LRA1, is in the west subwatershed. Restoration 

recommendations consist of either replacement, removal, or maintenance of the crossing. In cases 

where replacement or removal is not feasible, restoration recommendations may include the 

installation of structures to allow for passage, such as fish ladders, though these have been shown to 

be ineffective for many organisms.9 

Table 1. Priority road-stream crossings and dams identified for restoration based on hydrologic vulnerability, 
aquatic passage, and infrastructure condition. 

HEP Crossing ID  

NAACC ID 

Aquatic 

Passage* 

Hydrologic 

Vulnerability 

Infrastructure 

Condition 
Overall 

MW10** 

xy4041564974232210 
F n/a 

F 

Poor 
F 

GB1** 

xy4041942674226455 
F n/a 

F 

Poor 
F 

MWD1 

xy4041679874233480 
B 

F 

5-year 

F 

Poor 
F 

GBA1 

xy4039266274226893 
A 

F 

2-year 

A 

Good 
D 

LRA1 xy4040984374260295 C 
A 

100-year 

F 

Poor 
C 

LC20 

xy4039892874196478 
A 

F 

5-year 

A 

Good 
C 

CW4 

xy4043546974220310 
D n/a n/a B 

* Aquatic passage grade determined based on both on each dam or road-stream crossing’s individual aquatic passability score10 (Figure 3) as 

well as its improvement to diadromous and potamodromous DCI11 (Figure 4) with barrier removal. 

** Dams 

 

Detailed information and our recommendations for each of these barriers are below: 
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Lake Lefferts Dam | MW10, NAACC ID: xy4041564974232210 

The Lake Lefferts Dam has a large drop at the inlet and received an F grade for aquatic passage. It is 

located on Matawan Creek, on Ravine Drive near Matawan Avenue in Matawan, NJ, and is also a 

priority restoration site identified in the Comprehensive Restoration Plan.14 It is the most downstream 

barrier on Matawan Creek and completely blocks passage for diadromous fish to the entire west 

Matawan Creek subwatershed (Figure 4). Removing this barrier would increase the watershed-

wide aquatic connectivity by 113% (more than double) for diadromous fish and by 72% 

for potamodromous fish, when considering both subwatersheds together. Hydraulic capacity 

could not be modeled for dams, so its vulnerability to storms is not known. However, it is considered a 

high hazard dam, which is defined as a dam where failure or mis-operation will probably cause loss of 

human life (SnoFlo, 2026). Additionally, the condition of the infrastructure is considered poor, which in 

this case means that a dam safety deficiency is recognized for normal operating conditions, which 

may realistically occur, and remedial action is necessary (SnoFlo, 2026). The New Jersey Department 

of Environmental Protection (NJDEP) indicated that the municipality has plans to replace this dam and 

stated that the new dam design may include the option to add a fish ladder in the future. Although 

dam removal is recommended, it is unlikely given the municipality has decided to replace 

the dam; other fish passage options such as a fish ladder should be considered. 

 

  

   

https://www.nan.usace.army.mil/Missions/Environmental/Comprehensive-Restoration-Plan-for-the-Hudson-Raritan-Estuary/
https://snoflo.org/reservoir/new-jersey/nj00089-lake-lefferts-dam
https://snoflo.org/reservoir/new-jersey/nj00089-lake-lefferts-dam
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Matawan Lake Dam | GB1, NAACC: xy4041942674226455 

This road-stream crossing is the most downstream barrier on Gravelly Brook, a tributary of Matawan 

Creek, located on Main Street near Broad Street in Matawan, NJ. It is a 20-foot dam with a large drop, 

associated with a 17-acre lake and owned by local government. Removing this barrier would 

increase the Matawan Creek subwatershed-wide (below Ravine Drive) aquatic connectivity 

by 52% for diadromous fish and 62% for potamodromous fish. It is a high hazard dam, which 

is defined as a dam where failure or mis-operation will probably cause loss of human life (SnoFlo, 

2026). Additionally, its condition is considered poor, which in this case means that a dam safety 

deficiency is recognized for normal operating conditions, which may realistically occur, and remedial 

action is necessary (SnoFlo, 2026). The NJDEP indicated that the municipality has plans to replace this 

dam and stated that the new dam design may include the option to add a fish ladder in the future. 

Although dam removal is recommended, it is unlikely given the municipality has decided 

to replace the dam; other fish passage options such as a fish ladder should be considered. 

 

 

  

   

https://snoflo.org/reservoir/new-jersey/nj00086-matawan-lake-dam
https://snoflo.org/reservoir/new-jersey/nj00086-matawan-lake-dam
https://snoflo.org/reservoir/new-jersey/nj00086-matawan-lake-dam
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Road Crossing on Tributary to Matawan Creek | MWD1, NAACC: xy4041679874233480 

This road-stream crossing is a culvert located in Matawan, NJ, on Matawan Avenue, just north of 

Ravine Drive. The stream is a tributary to Matawan Creek, which is approximately 130 meters directly 

downstream. Although the culvert is only a minor barrier for aquatic passage, its location in the 

watershed is important for migratory fish, and replacement of the crossing would increase aquatic 

connectivity in the east subwatershed by 3% and 4%, respectively, for diadromous and 

potamodromous fish. The crossing is vulnerable to five-year storm events, which have a 20% chance 

of occurring in any given year, whereby overtopping of the road and flooding or erosion are likely. A 

large scour pool at the outlet and the partially buried crossing inlet further corroborates that the 

culvert is undersized and that erosion and scouring of the stream bed is already occurring during high 

flows. The crossing inlet is also nearly entirely submerged, and the crossing is in poor condition. 

Replacement of this culvert with a right-sized, climate- and connectivity-friendly crossing 

should be considered given its vulnerability to frequent storms, poor condition, and key 

location within the watershed for migratory fish. 

 

  

  

   

Crossing inlet (left) and outlet (right). The inlet is partially buried and blocked with debris. There are also two 
stormflow drains on either side of the outlet. 
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Road Crossing on Tributary to Gravelly Brook | GBA1, NAACC: xy4039266274226893 

This road-stream crossing is a culvert located in Aberdeen Township, NJ, on Lloyd Road between 

Warren Drive and Love Lane, on a tributary to Gravelly Brook. The culvert is considered an 

insignificant barrier to aquatic organisms and replacement of the crossing would have no 

subwatershed-wide connectivity improvement for migratory fish. However, the culvert is vulnerable to 

two-year storm events, which have a 50% chance of occurring in any given year, whereby 

overtopping of the road and flooding or erosion are likely. There is significant natural debris––mainly 

leaves and twigs––in the inlet of the culvert, which is also partially buried, corroborating that the 

culvert is undersized. The culvert is in good condition. Replacement of this culvert is 

recommended given the crossing is vulnerable to frequent storm events and is likely 

undersized. 

  

   

Crossing inlet (left) and outlet (right). Crossing inlet is partially buried and blocked with debris. Running 
water is not visible, though flow out of the outlet suggests water movement through the culvert. 
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Road Crossing on Tributary to Matawan Creek | LRA1, NAACC: xy4040984374260295 

This road-stream crossing is located in Matawan, NJ, on Old Bridge-Matawan Rd. between Trevor 

Place and Cherry Creek Drive on a tributary to Matawan Creek. The stream bed at the outlet is 

scoured, showing the culvert armoring and resulting in a free fall and cascade to the stream surface. It 

is a severe barrier to aquatic organism passage, and replacement would increase the watershed-wide 

connectivity in the west subwatershed by 11% for potamodromous fish. It is vulnerable only to the 

100-year storm interval, which has a 1% chance occurring in a given year. It is in poor condition and 

has a large tree inside the inlet. Replacement of this culvert with a climate- and connectivity-

friendly crossing is recommended given it is in poor condition, the downstream 

streambed is severely eroded, and it is a severe barrier for aquatic passage. 

  

   

Crossing inlet (left) and outlet (right). The inlet has a large tree partially blocking the culvert. There is a free 
fall to a cascade at the outlet, preventing fish passage upstream. 
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Road Crossing on Lappatatong Creek | LC20, NAACC ID: xy4039892874196478 

The road-stream crossing is a culvert located in Holmdel Township, NJ, on South Beers Street, near 

Lois Place, on Lappatatong Creek. The crossing is an insignificant barrier for aquatic passage and 

replacement would result in less than 1% improvement to watershed-wide aquatic connectivity for 

migratory fish. However, the culvert is vulnerable to five-year storm events, which have a 20% chance 

of occurring in any given year, whereby overtopping of the road and flooding or erosion are likely. 

The crossing has a large scour pool at the outlet, indicating significant erosion and scouring of the 

stream bed are already occurring during high flows, corroborating that the crossing is undersized. The 

crossing is in good condition. Replacement of this culvert with a right-sized, climate- and 

connectivity-friendly crossing should be considered given it is vulnerable to frequent 

storms and is likely undersized. 

  

   

Crossing inlet (left) and outlet (right). Inlet width only spans channel at low flow suggesting the culvert is 
likely unable to accommodate larger flows. 
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Road Crossing on Tributary to Matawan Creek | CW4, NAACC ID: xy4043546974220310 

The road-stream crossing is a culvert located on NJ Route 35 and the intersection of Prospect Avenue 

in Keyport, NJ, on a tributary to Matawan Creek. The crossing is a severe barrier to aquatic passage 

and replacement would increase diadromous and potamodromous aquatic connectivity by 11% and 

13%, respectively, in the east subwatershed. The culvert is entirely submerged and barely visible under 

stagnant water. There are no modeling results or infrastructure condition assessment for this crossing 

as the culvert could not be accessed to conduct measurements. Replacement of this culvert with 

a right-sized, climate- and connectivity-friendly crossing should be considered given its 

key location in the watershed for migratory fish and because it is entirely submerged. 
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Conclusion 

This assessment by the NY-NJ HEP identified five priority crossings and two priority dams for 

restoration because they are barriers for aquatic organisms like migratory fish, vulnerable to two- and 

five-year storms, and/or are in a deteriorated condition. Four of these culverts and two dams are in 

the Matawan Creek east subwatershed below Ravine Drive and one of these culverts is in the west 

subwatershed above Ravine Drive. Many of these crossings are already showing signs of erosion and 

scouring, corroborating hydraulic capacity modeling results that they are undersized and cannot 

accommodate frequent storms flows. 

Our recommended restoration actions are replacement of these crossings with climate- and 

connectivity-friendly versions and dam removal. If dam removal is not feasible, the implementation of 

a fish ladder or other fish passage options should be considered. Restoration ensures that new 

crossings address multiple goals, improving transportation infrastructure’s resiliency to storms, 

reducing flooding and erosion, and increasing the amount of habitat available to migratory fish. 
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Annex 1 | Detailed Methodology 

Aquatic Passage Assessment | There were 82 crossings in the two subwatersheds; the numeric 

aquatic organism passage score of 62 of these (76%) were directly assessed and calculated using 

NAACC protocols, whereas 14 crossings (17%) were estimated because the road-stream crossing was 

either partially or completely inaccessible (Figure S1). If partial information was available (e.g., from a 

partially accessible road-stream crossing, Google Earth imagery, or engineering drawings), this partial 

information was used in the NAACC numeric scoring 

system to calculate aquatic organism passage; 

missing information that could not be estimated was 

assigned a default value of 1 for the NAACC 

equation. Dams were assigned an aquatic organism 

passage of 0, assuming no aquatic passage. Six of the 

82 road-stream crossings could neither be evaluated 

nor estimated due to inaccessibility and thus have no 

aquatic organism passage score (Figure S1). 

The dendritic connectivity index (DCI) for diadromous 

and potamodromous fish was calculated for each of 

the two subwatersheds, and with both subwatersheds 

together, using the “dci” package15 in R version 

4.4.2,16 using the numeric aquatic organism passage 

scores from NAACC or estimated as described above. 

For this analysis, which requires no missing data, 

missing NAACC passage scores were assigned a score 

of 0. We also modeled the improvement to DCI with barrier removal, allowing for full passage, using R 

(github.com/hudsonriverfoundation/dci_model_removal) by individually assigning each road-crossing 

a passage score of 1 (full passage) and modeling the improvement to both diadromous and 

potamodromous DCI compared to the actual DCI before modeling barrier removal. Crossings that 

showed greater improvement to DCI with modeled barrier removal inhibit watershed-wide aquatic 

connectivity for diadromous or potamodromous fish more significantly. 

An overall aquatic passage score (from 0 to 1) was calculated using the results from the individual 

crossing assessments and the two DCI models: 

𝑇𝑜𝑡𝑎𝑙 𝑃𝑎𝑠𝑠𝑎𝑔𝑒 𝑆𝑐𝑜𝑟𝑒 =
0.16 × 𝑃𝑎𝑠𝑠 + 0.22(1 − 𝐷𝐶𝐼𝑑) +  0.22(1 − 𝐷𝐶𝐼𝑝)

0.6
 

where: 

• Pass is the numeric aquatic organism passage score from NAACC or estimated using 

available information when a crossing was inaccessible 

• DCI_d is the modeled percent improvement to the subwatershed-wide diadromous dendritic 

connectivity index with crossing removal relative to the actual subwatershed-wide DCI 

Figure S1. The methodology used to assess aquatic 
passability for both subwatersheds. The 
percentage of crossings in each category is 
displayed. 

https://github.com/HudsonRiverFoundation/dci_model_removal
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• DCI_p is the modeled percent improvement to the subwatershed-wide potamodromous 

dendritic connectivity index with crossing removal relative to the actual subwatershed-wide 

DCI 

In this equation, an individual crossing’s impact to diadromous and potamodromous fish has the 

greatest impact on the total passage score, whereas the individual crossing’s ability to pass aquatic 

organisms (i.e., numeric aquatic organism passage score) is secondary. This accounts for the location 

of a crossing in the watershed when scoring for aquatic connectivity, acknowledging that a crossing 

may have a poor ability to pass fish but is not on a critical route for diadromous or potamodromous 

fish migration. For example, for the case of diadromous fish, crossings that are located high in the 

headwaters with little stream mileage above the barrier are less important to the total passage score 

than crossings downstream, which block many upstream miles for diadromous fish. 

Hydrologic Vulnerability Assessment | A 

hydrologic vulnerability assessment was performed 

using the CULVERT web application tool developed 

by the USDA Forest Service.12 For this analysis, the 

Graphical Peak Discharge Method (GPDM) was 

used to evaluate flood magnitude for specific return 

periods to assess the hydrologic vulnerability of 

each crossing. Vulnerability classifications identify 

crossings as "Vulnerable" or "Not Vulnerable" based 

on the comparison between estimated peak 

discharges and calculated infrastructure capacity. 

Crossings that are hydrologically vulnerable are in 

need of potential capacity upgrades, structural 

modifications, or enhanced maintenance protocols 

to accommodate streamflow during extreme flow 

events. Results of this analysis were only produced 

for 39 of the 89 road-stream crossings in the two 

subwatersheds, due to missing information and 

because bridges and dams cannot be assessed 

using this model. 

Hydrologic vulnerability scores were assigned, from 

0 to 1, using each crossing’s vulnerability to 2-, 5-, 

10-, 25-, 100-, and 200-year storm events, as 

output from CULVERT (Table S1). The scores 

chosen result in a relationship whereby crossings 

that are vulnerable to 25-year storm events or less 

score very poorly (<0.55) whereas those that are 

vulnerable to 100-year storm events are higher 

score very highly (>0.9) (Figure S2). 

Storm Event Vulnerability Score Grade 

2-year 0 F 

5-year 0.15 F 

10-year 0.30 F 

25-year 0.55 F 

50-year 0.75 C 

100-year 0.90 A 

200-year 0.95 A 

Not Vulnerable 1 A 

Table S1. Hydrologic vulnerability scores and grades 
assigned based on each crossing’s modeled storm 
event vulnerability. 

    

    

    

    

    

            
                                           

 
 
 
  
  
 
  
  
 
  
 
  
 
   
  
  
 
 
  

Figure S2. Assigned hydrologic vulnerability scores 
compared to the max storm interval a crossing can 
accommodate (from <2-year to 200-year storm 
events). 
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Calculating Crossing Scores and Grades | The overall crossing scores using the three criteria were 

calculated according to the following formula: 

𝐶𝑟𝑜𝑠𝑠𝑖𝑛𝑔𝑆𝑐𝑜𝑟𝑒 = 0.16 × 𝑃𝑎𝑠𝑠 + 0.22(1 − 𝐷𝐶𝐼𝑑) +  0.22(1 − 𝐷𝐶𝐼𝑝) +  0.30 × 𝐻𝑦𝑑𝑟𝑜_𝑆𝑐𝑜𝑟𝑒 

+  0.10 × 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛_𝑆𝑐𝑜𝑟𝑒 

where: 

• Pass is the numeric aquatic organism passage score from NAACC or estimated using 

available information when a crossing was inaccessible 

• DCI_d is the modeled percent improvement to the subwatershed-wide diadromous 

dendritic connectivity index with crossing removal relative to the actual subwatershed-

wide DCI 

• DCI_p is the modeled percent improvement to the subwatershed-wide potamodromous 

dendritic connectivity index with crossing removal relative to the actual subwatershed-

wide DCI 

• Hydro_Score is the hydrologic vulnerability score (see Hydrologic Vulnerability Assessment) 

• Condition_Score is a binary score of 0 or 1 based on crossing condition (0 = poor condition, 

1 = good condition) from NAACC or estimated using available information when a crossing 

was inaccessible 

If a criteria score contained missing data for a crossing, it was assigned a 

score of 1 (“A”) for that criterion when calculating the overall crossing score. 

Low crossing scores indicate the crossing is a priority for restoration, 

removal, or enhancement based on vulnerability to storms, poor condition, 

and/or poor aquatic passage. Note that aquatic passage is weighted more 

strongly than hydrologic vulnerability and condition, as improvements to 

aquatic habitat access via improvements to aquatic connectivity is a 

priority of the NY-NJ HEP’s Restoration Workgroup. 

For all parameters and the overall crossing score, letter grades were 

assigned according to Table S2. 

 

  

Table S2. Score ranges for 
each letter grade. 

Score Grade 

>0.90 A 

0.80-0.89 B 

0.70-0.79 C 

0.60-0.69 D 

<0.59 F 
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Annex 2 | Results Data Table 

HEP ID NAACC ID Aquatic Passage 
Hydrologic 

Vulnerability 

Infrastructure 

Condition 
Grade 

BS1 xy4039633174245111 A 
C 

50-year 
A A 

BS2 xy4039295274245385 A 
A 

100-year 
F B 

CW4 xy4043546974220310 D n/a n/a B 

CW5 xy4043381074228773 B n/a n/a A 

CW6 xy4043348774231957 C n/a A B 

CW7 xy4043346374233328 A n/a n/a A 

GB1 xy4041942674226455 F n/a F F 

GB2 xy4041397674226851 A n/a A A 

GB9 xy4040776174228529 A n/a n/a A 

GB10 xy4040603074232993 A 
A 

Not Vulnerable 
A A 

GB11 xy4039912874231790 A 
A 

Not Vulnerable 
A A 

GB12 xy4038948074231864 A 
A 

Not Vulnerable 
A A 

GB13 xy4038310174223903 A n/a n/a A 

GB14 xy4038311474224017 A 
F 

25-year 
A B 

GB15 xy4037912274220429 C n/a A B 

GBA1 xy4039266274226893 A 
F 

2-year 
A D 

GBA2 xy4039157274225674 C n/a A B 

GBA3 xy4039121974225577 C n/a A B 
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HEP ID NAACC ID Aquatic Passage 
Hydrologic 

Vulnerability 

Infrastructure 

Condition 
Grade 

GBB1 xy4038796474234287 A n/a n/a A 

GBB2 xy4038802074234263 B 
A 

Not Vulnerable 
A B 

GBB3 xy4038218174236420 C 
A 

200-year 
A B 

GBB4 xy4038060074237330 A n/a n/a A 

GBBT1 xy4038251974233004 A 
A 

200-year 
A A 

GBC1 xy4037712474223244 B 
C 

50-year 
A B 

LC1 xy4043523174207422 A 
A 

Not Vulnerable 
A A 

LC2 xy4043074374206903 A n/a A A 

LC3 xy4042728674207279 A 
A 

Not Vulnerable 
A A 

LC5 xy4042621474207699 A 
A 

Not Vulnerable 
A A 

LC6 xy4042303474207617 A 
A 

Not Vulnerable 
A A 

LC7 xy4041998474207796 A n/a n/a A 

LC9 xy4041874174208067 A n/a n/a A 

LC12 xy4041766374207477 B 
C 

50-year 
A B 

LC13 xy4041178974201330 A n/a n/a A 

LC14 xy4040875274198777 A n/a n/a A 

LC15 xy4040750874198433 A 
A 

Not Vulnerable 
F B 

LC16 xy4040609274198115 A 
A 

Not Vulnerable 
A A 
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HEP ID NAACC ID Aquatic Passage 
Hydrologic 

Vulnerability 

Infrastructure 

Condition 
Grade 

LC19 xy4040418374200271 A 
A 

Not Vulnerable 
A A 

LC20 xy4039892874196478 A 
F 

5-year 
A C 

LCT1 xy4041789174209191 A n/a n/a A 

LCT4 xy4041644174210538 A 
A 

Not Vulnerable 
A A 

LCT5 xy4041656974210497 n/a n/a n/a n/a 

LCT6 xy4041013174211739 A 
A 

Not Vulnerable 
A A 

LR1 xy4040354474261831 A n/a n/a A 

LR2 xy4040143174277245 A 
A 

Not Vulnerable 
A A 

LRA1 xy4040984374260295 C 
A 

100-year 
F C 

LRB1 xy4040073674261372 A 
A 

200-year 
A A 

LRD1 xy4040823074269066 B n/a F B 

LRE1 xy4040566274270573 C n/a A B 

LRF1 xy4040034074276695 A 
A 

Not Vulnerable 
A A 

MC1 xy4042292274218794 A 
A 

Not Vulnerable 
A A 

MC2 xy4041908174217863 C n/a A B 

MC4 xy4040666674221283 C 
A 

Not Vulnerable 
A B 

MC5 xy4040226174217541 A 
A 

Not Vulnerable 
A A 

MC6 xy4040104474214513 A A A A 
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HEP ID NAACC ID Aquatic Passage 
Hydrologic 

Vulnerability 

Infrastructure 

Condition 
Grade 

200-year 

MC7 xy4039702274208314 A 
A 

Not Vulnerable 
A A 

MC8 xy4039085474200192 A 
F 

25-year 
A B 

MCA1 xy4041859974217742 n/a n/a n/a n/a 

MW1 xy4043540474213589 A n/a A A 

MW10 xy4041564974232210 F n/a A F 

MW11 xy4041107674239458 A n/a A A 

MW12 xy4040730974248329 A n/a A A 

MW13 xy4039440774255261 A 
A 

Not Vulnerable 
A A 

MW14 xy4039173174256546 D 
A 

Not Vulnerable 
A B 

MW15 xy4038522574256055 C 
A 

Not Vulnerable 
A B 

MW3 xy4043316374217829 A n/a A A 

MW4 xy4042548174221013 A n/a n/a A 

MW5 xy4042560374220902 A n/a n/a A 

MW8 xy4042301274227257 A n/a n/a A 

MW9 xy4042298174228450 A n/a n/a A 

MWA1 xy4042880774230227 A n/a n/a A 

MWA5 xy4042883874237374 A n/a A A 

MWA6 xy4042816574238597 n/a n/a n/a n/a 

MWB1 xy4042551774229404 B 
F 

2-year 
F F 

MWB2 xy4042569274230734 C n/a F C 
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HEP ID NAACC ID Aquatic Passage 
Hydrologic 

Vulnerability 

Infrastructure 

Condition 
Grade 

MWC2 xy4042419574231272 D n/a A B 

MWD1 xy4041679874233480 B 
F 

5-year 
F F 

MWE1 xy4041759974252144 C n/a F C 

MWE2 xy4042873574252971 n/a n/a n/a n/a 

MWET1 xy4041716774260023 A 
A 

Not Vulnerable 
A A 

MWET2 xy4042038374260036 n/a n/a n/a n/a 

MWF1 xy4039735774260610 B 
C 

50-year 
A B 

MWFT1 xy4039487874259517 n/a n/a n/a n/a 

 

 

 


