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TECHNICAL MEMORANDUM

November 5, 2020
TO:
New Mexico Interstate Stream Commission Grace Haggerty and Trevor Birt
FROM: Chad McKenna, GeoSystems Analysis, Inc.

  
Development of a Habitat Restoration Project Geo-database (RioRestore) for the Middle Rio Grande; Process, Challenges, and Recommendations

Introduction
Numerous habitat restoration (HR) projects have been constructed to improve and create habitat for listed species in the Middle Rio Grande (MRG); and signatory members of the MRG Endangered Species Collaborative Program (MRGESCP) have been especially active with this work. MRG HR projects often consist of one or more of these key actions: control of exotic plant vegetation, planting native wetland/riparian species, reconnection of the floodplain and active channel through floodplain excavation, increasing channel diversity, and providing refugial habitats. Though numerous projects have been accomplished on the ground; the location, spatial extent, and specific implementation actions have  infrequently been documented in a sufficiently consistent or thorough format to promote adaptive management, prioritize maintenance, or optimize monitoring site selection. 

While several entities have consolidated their HR projects into geodatabases and provided those to the MRGESCP there are many HR projects that were not included and were not readily available. Some projects are not directly associated with the MRGESCP.  Often HR geo-databases are incomplete, do not provide similar information, and may be lacking descriptive database attributes. With the recognition that compilation of the historic HR projects into a single geodatabase was critical for the MRGESCP and its signatories to better understand the effects of these management efforts,  the New Mexico Interstate Stream Commission (NMISC) contracted GeoSystems Analysis (GSA) to create a new comprehensive MRG habitat restoration geo-database (named RioRestore) that consolidates information from prior geo-spatial datasets, develops a standard nomenclature and attribution structure (e.g. data dictionary) for describing specific implementation activities and goals.  The RioRestore tool also populates information into this standardized data structure (as available),and identifies and integrates project sites that are not included in previous geodatabases.  The HRGDB developed by GSA under this project specifically includes HR sites constructed between Cochiti Dam on the upstream end and Elephant Butte Reservoir on the downstream end between the late 1990’s and present as the first phase with the recognition that some projects may be outside that boundary and can be included at a later date. Although every effort was made to include all HR projects within this area there may still be missing information.
The purpose of this document is:

· Describe the overall process used to create RioRestore.

· List the key pre-existing datasets obtained, reviewed, and migrated into this version of the geo-database.

· Present the database table structure to assist current and future database administrators and end users with interpreting information in the database.

· Provide a basic summary of the aerial distribution of sites identified during this process.

· Communicate challenges and data gaps.

· Recommend next steps.

· Recommend procedures for sharing and updating this information in the future.

· Provide a worksheet/questionnaire that parties could use in the future to acquire key database attributes from non-GIS users in the future.

Methods

Simultaneously with development of the new HRGDB, the United States Geologic Survey (USGS) is designing a new data portal and website for the MRGESCP in collaboration with MRGESCP partners. The new MRGESCP website includes an updated database management system and an ArcGIS Online mapping interface and the new HRGDB developed by GSA is intended to be one of the datasets served in the mapping interface. 

To support creation of RioRestore, GSA conducted the following steps, largely in this order:

1. Attended a project kick-off meeting on with the MRGESCP (including 2016 BO partners) to discuss project goals, familiarize GSA with the USGS DBMS effort, and promote consistency between the USGS DBMS project and the HRGDB.

2. Participated in periodic teleconferences with USGS to promote compatibility and consistency between the DBMS and the habitat restoration geo-database. 

3. Assembled and reviewed previously compiled geo-databases, as well as GIS data created by various agencies, tribes, and non-profits to depict their HR projects. Additional supplemental information (e.g. reports, data, design/as-builts) was also acquired, as available. 

4. Designed a standard database structure which includes a clear list of attributes for inclusion as attribute fields in RioRestore. In addition to the field list, a standard series of domain values (i.e. a “word pool” of potential values that could be attributed for a given field) was also created with MRGESCP partner input.

5. Reviewed all the existing geo-spatial data assembled for consistency, compatibility, and accuracy. Extracted the features that appeared to best represent actual field locations for a given work area and incorporated those features into the HRGDB. 

6. Populated data attributes (from information gained during steps above), as available.

7. Circulated a draft version of the GDB features to the agencies that led the project implementation (and in some cases planning/permitting) for review and editing (as necessary).

8. Updated and revised the geo-database with edited versions as provided by reviewing agencies. Major overhauls of the data for several agencies/entities were required during this step, particularly when multiple spatial data sources contained sites/features in the pre-existing data. 

9. Submit technical memorandum to NMISC.

10. Provide multiple versions of RioRestore to NMISC and upon authorization from NMISC provided the HR geodatabase to the USGS for inclusion on the MRGESCP website.

Participating Parties and Key Existing Datasets

Staff from the following agencies and other entities were met with in person, and this team was key to the success of this project on various levels to include contributing geospatial data, ideas for the database schema, recommendations for the technical and/or outreach process, product review and QA/QC, and/or supporting information (e.g reports, monitoring data, etc.):

· New Mexico Interstate Stream Commission (NMISC; mainly Grace Haggerty and Trevor Birt), also the funding agency;

· U.S. Army Corps of Engineers (USACE; mainly Mickey Porter and Lynette Giesen),

· U.S, Bureau of Reclamation (USBR; Ashlee Rudolph, Eric Gonzales, Ari Posner, Jennifer Bachus, and Brian Hobbs), 

· Santa Ana Pueblo (Alan Hatch, Nathan Schroeder),

· Pueblo of Sandia (Michael Scialdone)

· Middle Rio Grande Conservancy District (MRGCD; Yasmeen Najmi, Anne Marken, Doug Stretch),

· Save Our Bosque Task Force (SOBTF; Gina Dello Russo, Sarah Anderson),

· New Mexico Audubon (Paul Tashjian, Amy Erickson),

· New Mexico Department of Game and Fish (NMGF; Jacob Davidson, Ryan Darr),

· New Mexico Highlands (Forestry Treatment Database, Katie Withnall),

· Albuquerque Open Space Division (Matthew Peterson, James Lewis, Tricia Keffer),

· Albuquerque/Bernalillo County Water Utility Authority (ABCWUA; Kate Mendoza),

· Bosque Ecosystem Monitoring Program (BEMP; Kim Eichorst),

· Valle de Oro National Wildlife Refuge (VdO; Jennifer Owen-White, Ariel Elliot, Katie McVey),

· Bosque del Apace National Wildlife Refuge (BdA; Jeff Sanchez),

· The Nature Conservancy (TNC; Laura McCarthy, Steve Bassett)

Permission to include the HR projects from four of the Middle Rio Grande Pueblos (Cochiti, Santo Domingo, San Felipe, and Isleta) was not granted and, thus, these projects are not represented in the geodatabase.  
Numerous existing datasets were gathered to support this effort. About half of these products contained site boundaries developed during project planning phases, which did not accurately represent actual on the ground feature delineations. In some cases, these datasets with planning-level spatial data did contain attribute information that was incorporated into the database. GeoSystems staff used their extensive on the ground familiarity with many of these projects to assist with discerning planning-grade versus construction-grade data. Note that the database lists sources for various spatial and attribute information for the features. Some of the key pre-existing geo-spatial data utilized in this effort are presented in the list below. Note that the HRGDB contains each of the features represented within these pre-existing datasets.

· Multiple previous iterations of habitat restoration geo-databases developed by the MRGESCP

· A habitat restoration geo-database developed by SWCA (HabRes2018.gdb)

· Sandia Pueblo internal habitat restoration spatial data

· New Mexico Highlands University Forestry Treatment geo-database

· NMGF internal habitat restoration spatial data

· Santa Ana Pueblo internal habitat restoration spatial data

· Habitat restoration geo-databases developed by Parametrix during 2006 and 2008 to support reach specific habitat restoration plans

· GeoSystems Analysis internal files; particularly for the USACE Middle Rio Grande Restoration Project, recent NMISC/USBR projects on Sevilleta and in the San Acacia Reach, and older USACE project sites throughout the Angostura Reach (e.g. Bosque Wildfire). 

Geo-Database Structure, Fields, and Domains

Consolidation and attribution of the data required major work, both in terms of creating data consistency (in accuracy, completeness, and thoroughness); plus, standardizing terminology/verbiage across sites and features. The development of standard database schema for characterizing site attributes (as presented in the project data dictionary) should have standalone value for this basin. The primary goals for developing a standard database structure include:

· Standardized terminology

· Standardized level of detail

· Streamline queries and map making

· Tracking site performance

· Documenting key variables to prioritize monitoring, maintenance, and adaptive management.

Since several projects had been constructed years ago, the lead personnel leading those projects have moved on, and key information was no longer available; we also developed standard database nomenclature for distinguishing “YES” (“1”) in the database, “NO” (“0”), “UNKNOWN” (“-98”, i.e. <NULL>), versus “Not/Applicable” (“-99”). This schema was intended to ensure current data gaps in the GDB could be readily discerned; primarily to improve efficiency during future efforts to fill data gaps. The data dictionary schema includes 47 fields, as shown at the end of this document. In summary, the important elements include:

· Basic background info (names, RM, reach, agency, funding, source, notes)

· Target beneficiary spp (RGSM, YBCU, SWFL, MJM)

· Construction elements (floodplain manipulation, direct surface water connection, exotic spp treatments, revegetation, target discharges)

· As built availability and accuracy

· Monitoring (type and year)

· Maintenance (type and year)

Standardization of Habitat Restoration Feature Types

It was common for features with similar engineering designs, functional habitat goals, proximity to the active channel, and other construction elements to be called different feature types in the existing data. The process of standardizing constructed habitat features into a similar terminology required an overall simplification of the “word pool”. To guide this process, GSA initially created a list containing each of the habitat feature types described in existing geo-spatial data. Then a standard list of potential constructed habitat feature types was created, and this list was vetted through several agency personnel. Table 1 contains the previous feature type and current feature type is included below. An Other class is also included in the database domains for distinguishing feature types not represented by other alternatives in the list. Whenever “Other” is used, it would be prudent to describe the feature type in more detail in the notes field. As with all the domain values listed, these are intended to provide an initial consistent framework, however, this list should be expanded and revised as needed over time.

Table 1. Conversion of excavated floodplain habitat feature descriptors from existing terminology into RioRestore.

Nine HRGDB habitat feature descriptors (shown in the top row) that encompass the terminology/engineering designs from in the pre-existing datasets (shown in subsequent rows).
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Summary of Sites Identified

The HRGDB currently contains habitat restoration areas that span a total of approximately 22,925 acres (Table 1). Most (95%) of this acreage is contributed by fuels reduction/exotic woody species control sites in the Bosque and floodplain that probably provide little benefit for listed species without additional work (e.g. floodplain manipulation and/or revegetation).  More than half of the ~1,240 acres of floodplain manipulation projects are within the Angostura Reach. HR Projects in the geodatabase for the Cochiti Reach only include projects implemented by Santa Ana Pueblo.  
Table 2. Total work area acreage by reach

	Reach
	Vegetation Treatment 
	Floodplain Habitat 
	Total Acres

	Angostura
	                                  7,019.3
	                                                 629.1
	    7,648.4 

	Isleta
	                                  4,202.7
	                                                 238.7
	     4,441.4

	San Acacia
	                                10,464.6 
	                                                 370.6 
	  10,835.3 

	Reach Total
	                                21,327.7
	                                             1,238.4
	22,925.4


Current HRGDB acreages indicate that bankline manipulation (terraces, grading, scallops, etc.) have been the most widespread and common engineering approach utilized (Table 3). Backwaters, swales, island modifications, and flow through channels have also been regularly constructed in the MRG. Many features were constructed at one project site, so an HR site might include bankline lowering and flow-through channel.  A total of ~407 acres are currently attributed with a <NULL> (-98 in the database of excavated floodplain manipulation features, most of this area is within USFWS projects in the San Acacia Reach. 

Table 3. Total acreage of projects with various floodplain manipulation feature types

	Floodplain Manipulation Feature Type
	Acres

	 Backwater 
	171.1

	 Bankline manipulation 
	323.3

	 Berm 
	2.2

	 Flow through channel 
	121.9

	 Island modification 
	71.4

	 Other 
	52.9

	 Pond 
	11.5

	 Swale 
	75.6

	 Undescribed habitat restoration feature type (primarily USFWS projects in the San Acacia Reach) 
	407.1

	 Wet meadow 
	1.4

	Total Acres
	1,238.5


According to the data currently presented in the HRGDB, most of the revegetation work has also been concentrated in the Angostura Reach while very little area has been actively revegetated in the Isleta Reach (Table 4). Revegetation typically includes cottonwood/tree willow pole planting, potted native shrub installation; plus, coyote willow cutting installation, mainly in excavated floodplain habitat features.  
Table 4. Total acreage of projects that utilized active revegetatation during implementation by reach.

	Reach
	Acres with Revegetation Projects

	 Angostura 
	                                               3,776.8 

	 Isleta 
	                                                    146.8

	 San Acacia 
	                                                  433.6 

	 Grand Total 
	                                              4,357.3


Deliverables

The project deliverables include an electronic version of the GDB provided in shapefile format (at the request of the CP), the data dictionary, and this document. For a current version of the GDB, see: https://webapps.usgs.gov/MRGESCP/. Geospatial data are projected in Universal Transverse Mercator, North American Datum of 1983, Zone 13N, meters.

Challenges

Because of the span and number of entities challenges to the completion of the HRGDB included:

· Discerning whether data represented planning level feature boundaries or actual on the ground implementation, and in some cases both planning level and construction boundaries were provided by agencies, sometimes even for the same project.

· Overlaying existing data that was provided without a defined geographic projection.

· Blending information across datasets and ensuring the best information is retained when project or site data were contained in multiple geospatial datasets and one dataset contained more detailed database attributes but the other dataset contained more accurate/representative construction boundaries. 

· Assembling attributes when key information was not thoroughly documented during construction and the personnel leading the project were not available to assist with attribute population.

· Cleaning topology errors (gaps, self-intersections, overlaps) in existing data and/or the results of geo-processing overlays. 

· Developing a consistent strategy for site naming.

· Developing a strategy for creating a “word pool” to assign the type of habitat restoration feature that is descriptive enough to achieve multiple objectives, consistent.

· Gaining permission to include data from several sources, including several MRG Pueblos and BdA.

· Obtaining fuels reduction/exotic woody treatments and revegetation boundaries and supporting data for projects implemented by OSD.

Data Gaps and Recommendations

There remain a number of known projects that were not included in the HRGDB, although efforts were made to obtain all current project data.  The known data gaps include:  

· Bosque del Apache projects are very under-represented both between the levees and within the farm management units outside the levees. We recommend working with USFWS staff to fill these gaps.

· Four MRG Pueblos have constructed HR projects but that information was not made available and so the Cochiti Reach is underrepresented.  
· Fuels treatments, exotic species control, burn rehabilitation projects through Albuquerque; mainly City of Albuquerque Open Space Division projects were digitized into the geo-database but their attributes have not been compiled.

· Attributes currently coded as -98 are abundant throughout the database, which represents current data gaps within applicable data cells. These data gaps should be filled over time, as much as possible.
It is possible that other restoration efforts, such as those by private landowners, may not have been identified during the HR geodatabase compilation efforts by GSA.

To improve, maintain, and expand the current HRGDB, we recommend the following actions:
· Maintain and update the database with newly constructed projects.

· Assign a data steward to manage the database, validate data, fill data gaps, facilitate integration with other products, add new sites, and ensure data consistency.

· Consider creating a similar database with projects currently under consideration and/or in the planning phase

· Consider expanding the product in both the upstream and downstream directions in the MRG. United States Section of the International Boundary and Waters Commission (USIBWC) currently maintains a geo-spatial dataset for projects in the Canalization Reach that could be integrated into this dataset relatively easily.

· Serve the data online via a GIS Service established on the MRGESCP portal, This will ensure that end users each have access to the latest version of the dataset, along with multiple other benefits.

· Hyperlink RioRestore database with ancillary datasets on the web portal, so end users would have easy access to relevant reports, as builts, monitoring data, etc.

· Raise awareness that this dataset is available and is being maintained to encourage utilization of the product and increase the probability that new sites are incorporated.
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