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Southern Sierra  IRWMP

Chapter 8 -  Plan Performance and Monitoring
This chapter describes several existing regional monitoring programs in the Southern Sierra Region, procedures for monitoring progress in meeting the Integrated Regional Water Management Plan (IRWMP) objectives and implementing projects, and guidelines for preparing project-specific monitoring plans.  In addition, an annual report is described which will include annual monitoring data and evaluations.
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8.2 - Monitoring IRWMP Objectives

Each year the RWMG will measure their success in meeting the IRWMP objectives.  Each objective is listed in Table 4.1 in Chapter 4 – Goals and Objectives, along with its metric and how it will be monitored.  For example, for Objective No. 1a: Promote Natural Water Storage, the RWMG will describe studies and implementation projects to develop identify forest, meadow and stream restoration projects, the project goals, and their effectiveness at storing water.  

8.3 - Monitoring Progress in Implementing Projects

The RWMG will monitor progress in implementing projects that are secured through the RWMG or with assistance from the RWMG.  Each year the following will be documented:

· List of projects submitted and approved for funding. 

· Description of new projects that are underway or completed and their anticipated benefits.

8.4 - Project-Specific Monitoring

Project monitoring is important to track the success and benefits of a project, ensure it is being operated properly, to comply with laws and regulations, and to monitor the IRWM process and benefits.  Examples of project-specific monitoring can include monitoring water quality, groundwater levels, flood frequency, and the effects a project may have on a particular species or an assembedge of species.  Project-specific monitoring is the responsibility of the agency or group that is implementing a project and expects to directly benefit from the project.  The agency is also responsible for developing project monitoring plans.  
The RWMG will require draft monitoring plans for projects that are considered for funding.  Final monitoring plans are prepared after final designs are completed, and are typically approved by regulatory or funding agencies and should be copied to the RWMG.  Draft monitoring plans must include the following information when applicable:  
General Information

· Project description

· Describe what is being monitored (water quality, water flows, etc.) and the applicable measurement metrics.

· Need for monitoring
· Staying consistent with the most current adopted California Water Plan 
Monitoring Program

· Performance monitoring frequency and schedule including adapting monitoring program as effects of climate change manifest or warrant
· Overall monitoring time period (e.g. 5 years, life of project, etc.)

· Monitoring locations

· Monitoring protocols including considerations for adapting protocols as new information and data becomes available
· Monitoring tools and equipment, including considerations as new tools and equipment become available
· Laws and regulations pertinent to monitoring

· Quality control procedures

Data Management

· How monitoring data will be stored and tracked

· How monitoring data will be incorporated into Statewide databases  

· Targets to be reached (if any)

· Measures to remedy or react and adapt to problems encountered during monitoring or new sources of reliable data
· Reporting procedures

Other Topics

· Funding source for on-going monitoring

· Responsibilities (who will perform the monitoring)
An important component of monitoring and data management is qualitative or quantitative trend analysis. When relevant, appropriate trend analysis should be a part of project monitoring plans. 

A useful example of a detailed monitoring report was prepared by Stillwater Sciences (2012) for a meadow restoration project in the Southern Sierra.
8.5 - Regional Water Management Group Annual Report 

The RWMG will begin preparing an annual report at the end of 2014.  The report will document the aforementioned monitoring, an updated project list, proposed amendments to the IRWMP, and changes in governance, policies, and membership.   An annual report is considered important for the RWMG and will offer the following benefits:

1. Help to validate the RWMG by documenting successes and achievements.

2. Increase awareness of RWMG efforts with the members, stakeholders and general public.

3. Serve as a reference document for RWMG administrators.

4. Document information that may be needed for future IRWMP updates.

The RWMG will assign a member of the Coordinating Committee to oversee preparation of the Annual Report.  The RWMG may also use consultants to help prepare the report.  Members and stakeholders will need to contribute information on completed or on-going projects.  Timely cooperation from the stakeholders is crucial to prepare an accurate and complete annual report.  Below is a proposed outline for the Annual Report with a brief description of each section.

1 – Executive Summary

The executive summary will summarize the main points in the report.  The executive summary will be written so it can be used for public outreach efforts such as press releases, newsletter articles, newspaper articles, etc.
2 - Success in Meeting Plan Objectives

Identify progress made by the RWMG and local stakeholders in meeting each of the IRWMP’s objectives.  Describe progress in terms of the metric provided for each objective (see Section 4.4).
3 - Implementation Projects

3.1 - Regional Studies

Describe regional water related studies performed by the RWMG, members and stakeholders or other agencies such as DWR, Department of Public Health, United States Geological Survey, etc.
3.2 - Project List

Solicit updated project data from the members and interested stakeholders and store it in the Projects Database.  Report on any updates or changes to Project prioritization.
3.3 - Completed or On-going Projects

Describe the progress made on on-going and completed implementation projects.
3.4 - Grant Funding

Discuss grant funding that was applied for or awarded to members and stakeholders.
3.5 - Lessons Learned

Document lessons learned from studies, project monitoring, grant applications or project implementation in the Region that could affect regional goals; regional priorities, resource and adaptive management strategies used, and project operations, monitoring, and monitoring methodologies.
4 - Proposed IRWMP Amendments

Document proposed amendments to the IRWMP.  These differ from changes in governance or policy documented in Section 5 of the annual report.  Any member or stakeholder can propose an amendment to the IRWMP.  These proposed changes will be re-evaluated when the IRWMP is formally updated, which is expected to be about every five to ten years.
5 – Governance, Policies and Membership

5.1 - Changes in Governance and Policies

Document changes in governance and policies that have been formally adopted by the Coordinating Committee and the RWMG.

5.2 - Changes in Regulations

Provide updates on regulations that may impact the IRWM such as new requirements for IRWMPs, new monitoring requirements for groundwater quality, etc.

5.3 - Changes in Members and Stakeholders

Document changes in the members and interested stakeholders 
5.4 - Coordination with Other RWMGs
Document important coordination efforts with other RWMGs.

The report will be based on the calendar year (January to December).  Each year data collection will begin in November and the report completed by the end of February.
8.6 - Regional Monitoring Efforts

Following are descriptions of some of the major monitoring programs in the Southern Sierra Region.  Each of these programs covers specific areas within the regions and is described below.
Kings River Fisheries Management Program (KRFMP) - The Kings River Fisheries Management Program (KRFMP) partners, which include the Kings River Water Association, Kings River Conservation District, and California Department of Fish and Wildlife have been collecting information for several years on the habitat conditions, stream flows, water quality, water temperature, hatchery planting programs and fisheries studies within the lower Kings River and the Pine Flat Reservoir (see http://www.krfmp.org/monitoring.html). Monitoring activities include: telemetry studies, water quality surveys, population surveys and macroinvertibrates. Two monitoring sites are located downstream of Pine Flat Dam within the Southern Sierra Region, one at the Army Corps of Engineer’s bridge about ½ mile below the dam, and another on Mill Creek upstream of the confluence with the Kings River. 

Kings River Water Association (KRWA) – KRWA reports daily water conditions on its website. These daily reports consist of information regarding water storage, stream flows, water releases and precipitation (see
 http://www.kingsriverwater.org/water_conditions/hydro_data.php).
California Department of Water Resources Data Exchange Center (CDEC) – The California Data Exchange Center (CDEC) installs, maintains, and operates an extensive hydrologic data collection network including automatic snow reporting gages for the Cooperative Snow Surveys Program and precipitation and river stage sensors for flood forecasting, including various locations within the Southern Sierra Region. For more information see http://cdec.water.ca.gov. The mapper tool can be used to locate monitoring stations within a limited geographical area http://cdec.water.ca.gov/cgi-progs/mapper.

California Department of Water Resources, Coordinator for California Cooperative Snow Surveys – Information on the snow survey program can be found at http://cdec.water.ca.gov/snow/. Active snow courses with the San Joaquin, Kings, Kaweah, Tule and Kern River Basins are highlighted at http://cdec.water.ca.gov/misc/SnowCourses.html, and monitored by the Park Service, Forest Service, Department of Water Resources, utility companies and water associations.
US Army Corps of Engineers (USACE) – River and weather data on the Lake Isabella and Lake Kaweah Projects is maintained by the Army Corps of Engineers at http://rivergages.mvr.usace.army.mil/WaterControl/new/layout.cfm.

US Forest Service, Pacific Southwest Research Station - The Kings River Experimental Watershed (KREW) is a watershed-level, integrated ecosystem project for headwater streams in the Sierra Nevada. Eight sub-watersheds have been chosen and fully instrumented to monitor ecosystem changes: four on the Big Creek drainage, three on the Dinkey Creek drainage, and one that drains directly into the North Fork of the Kings River. Data collection has included stream discharge, water and soil chemistry, and meteorological data for the eight study watersheds. Findings from this research should be relevant for other headwater areas of the Region.  See http://www.fs.fed.us/psw/topics/water/kingsriver/ for additional information.  The Teakettle Experimental Forest is managed by the Pacific Southwest Research Station and abuts the Kings River Experimental Watershed. Present research in the experimental forests focuses on fire and forest management. Streamflow and sedimentation data exists from 1958 to 1979. See http://www.fs.fed.us/psw/ef/teakettle/ for additional information.

National Park Service, Sequoia & Kings Canyon National Parks (SEKI), Sierra Nevada Inventory & Monitoring Program - The Sierra Nevada Network Inventory & Monitoring Program (http://science.nature.nps.gov/im/units/sien/index.cfm) is one of 32 National Park Service Inventory & Monitoring (I&M) networks across the country established to facilitate collaboration, information sharing, and economies of scale in natural resource monitoring. The Sierra Nevada Network (SIEN) comprises four national park units located on the west slope of the Sierra Nevada mountain range in California, including SEKI. SIEN works closely with each park's natural resources program to develop and implement long-term monitoring and provide sound scientific information to park managers. The river monitoring efforts for 2011 are summarized in the linked document http://science.nature.nps.gov/im/units/sien/assets/docs/briefs/RiversBrief_sienv2_20121029.pdf and a 2005 water resources information and issues overview report  (http://www.nature.nps.gov/water/planning/Info_Issuesoverview_reports/seki_wriio_final_High.pdf) indicates over 400 water quality sampling locations and 6 staff gauge locations within the park.   The Parks also prepare annual reports that include information on surface water, snow, and fire management.
US Geological Survey (USGS) – The USGS monitors stream flow and surface water quality in multiple locations throughout California. California daily stream flow locations can be accessed from http://waterdata.usgs.gov/ca/nwis/rt and for a couple of water quality monitoring sites in Fresno and Tulare Counties access by county is at http://waterdata.usgs.gov/ca/nwis/current/?type=quality. 
Tule River Native American Indian Tribe – The Tule River Indian Tribe conducts annual water quality sampling at 30 established locations within the South Fork Tule River Watershed. See the Water Settlement Technical Report at http://www.tulerivertribe-nsn.gov/index.php for information on monitoring conducted by the Tribe. In addition, the US Geological Survey maintains a stream gage on the Tule River South Fork just downstream of the Reservation boundary (see http://waterdata.usgs.gov/usa/nwis/uv?11204100).
Sierra Nevada Research Institute – The Sierra Nevada Research Institute (SNRI) is located at the University of California at Merced (UC Merced).  Faculty, researchers, and students in the SNRI conduct basic and applied research, using the San Joaquin Valley and the Sierra Nevada as their "outdoor laboratory." Currently over 35
 UC Merced faculty are members of SNRI.  The Institute conducts research and collects data on ecology, hydrology, climatology, forest management, agriculture and various other topics.  More information can be found on their website at:  http://snri.ucmerced.edu/. Several research programs by SNRI researchers contribute to data and value-added products in the region. These include ground-based and remotely sensed data. Data from SNRI projects are served through a digital library (https://eng.ucmerced.edu/snsjho) and archived in the California Digital Library.

Southern Sierra Critical Zone Observatory – The Southern Sierra Critical Zone Observatory (CZO) a long-term project under SNRI, 
is a platform and program for investigating how the water cycle drives critical zone processes, focusing on water balance, nutrient cycling, and weathering across the rain-snow transition. The Southern Sierra CZO was established in 2007, under a grant from the National Science Foundation. The Southern Sierra CZO represents a longer-term measurement-based research program, which contributes management-relevant knowledge to the region. For example, it maintains four focal measurement sites along an elevation transect extending from 1350 to 9000 ft elevation, providing the only spatially distributed measurements of water and carbon balances in the region
.More information on the observatory can be found at http://criticalzone.org/sierra/.  A recent addition to the National Science Foundation research along the CZO transect is the addition of five focal measurement sites by the National Ecological Observatory Network (NEON). These sites also measure water and carbon balances, plus aquatic and terrestrial biodiversity. NEON is part of a nationwide network, with 20 measurement domains around the United States; and more information on NEON is available at https://www.neonscience.org/, Both the CZO and NEON also develop LiDAR and other specialized, remotely sensed data on vegetation and other landscape attributes
.
Shifts in Temperature and Why it Matters – On average, land-surface temperature in the southern Sierra decreases about 3.7oF per 1000 ft elevation, or 1oF per 270 ft elevation (about 2oC per 300 m elevation). These values can vary by +50% throughout the year, vary with topographic patterns that influence heating, cold-air drainage and other attributes, and thus also vary from day to night. Daily minimum and maximum temperature values are consistently reported for a few long-term operational stations in the region; plus dozens of shorter-term research stations typically report hourly or more-frequent temperatures. Real-time operational data are available for some sites through CDEC and other portals, with archived data that have undergone quality control available through the NOAA Western Regional Climate Center, and other portals. Various gridded minimum and maximum daily temperatue products are available, with a widely used product being that from the PRISM group at Oregon State University (Parameter-elevation Relationships on Independent Slopes Model). PRISM data are extrapolated to higher elevations, which typically lack measurements.

The Earth’s warming temperature affects the regional water cycle in at least six ways, all of which require monitoring to assess impacts and upgrade water infrastructure (Figure 1). A key driver is the higher freezing elevation during storms at warmer temperatures, resulting in more rain and less snow. A second driver of change is the longer growing season for forest vegetation at warmer temperatues, resulting in more annual water use by forests. Together the longer growing season and a century of fire suppression by land managers, this has resulted in more biomass, i.e. forests that are overstocked with smaller trees. The increased forest biomass results in more canopy interception, with less rain and snow coming to the ground surface. A warmer climate drives earlier snowmelt, which is also exacerbated by a very dense forest. Earlier snowmelt leaves less water in the forest for vegetation to use during the summer dry season, and earlier drawdown of subsurface water that forests depend on during the annual dry summers that characterize the region’s Mediterrenean climate. This effect is especially acute in the dense lower-elevation conifer forests where evapotranspiration is approximately equal to average annual precipitation; and the effect was quite striking during the 2011-15 drought when subsurface water was gradually depleted and some areas experienced near complete conifer mortality. The earlier runoff also results in less seasonal water storage behind dams, which must guard against downstream flooding by reserve storage for late-season rainstorms. The one feedback that reduces evapotranspiration and increases runoff is high-intensity wildfire, the risk of which increases with a warmer climate and higher fuel loads. The balance of these feedbacks in the Kings River basin, plus wildfire effects, were quantitatively assessed using a wide range of local measurements (Bales et al., 2018; Roche et al., 2018
). These same approaches can be extended across the region, and projected forward to warmer climates and altered forest-management strategies. Quantitative measurements, scaled across the landscape, are central to planning, desigining, and financing water-system upgrades to adapt.

Hydroelectric Powerplant Monitoring – Several hydroelectric power plants in the Region are required to perform extensive monitoring to satisfy Federal Energy Regulatory Commission (FERC) licensing requirements.  These typically cover hydrology, surface water, fluvial geomorphology, biology and numerous other topics.

NASA Airborne Snow Observatory – The National Aeronautics and Space Administration (NASA) out of its Jet Propulsion Laboratory, operates the Aerial Snow Observatory (ASO) in the San Joaquin, and Kings river basins in the SSIRWM along with Merced and Tuolumne in the north. ASO uses aircraft-based LIDAR (light detection and ranging) technology to measure the depth of snow on the ground which are then combined with numerical models to produce evolution and ablation of snow water equivalent (SWE). Details on flight and data can be found: https://aso.jpl.nasa.gov/.


Sierra Nevada Aquatic Research Laboratory (SNARL),University of California Santa Barbara – In the years beginning, during and after the extended drought of 2012-2015 conditions in sentinel streams were monitored by David B. Herbst with SNARL to elucidate effects of hydroclimateic change and drought on headwater stream ecosystems. Using only undisturbed reference sites as monitoring stations, streams of high and low risk were selected to establish a network of sites to detect the varied levels of projected change.  Three sentinel catchments with a nested tributary in each, in four combinations of risk and resistance have been established to represent high and low risk for climate-induced loss of snow cover and hydrologic stability, in combination with high and low resistance to climate change (Figure 2, Table 1).  This monitoring design provides a range of conditions for observing responses within an environmental risk analysis framework.
  

Surface Water Ambient Monitoring Program (SWAMP) – SWAMP is tasked with assessing water quality in all of California’s surface waters.  The program conducts monitoring directly and through collaborative partnerships, and provides numerous information products, all designed to support water resource management in California.  Find out more on the overall program and statewide monitoring efforts at the State Water Board’s SWAMP website.  The Central Valley Regional Water Quality Control Board’s SWAMP have established monitoring sites on the Kings, Kaweah, Tule, and Kern Rivers Watersheds that are monitored for water quality. Data information is located on the California Environmental Data Exchange Network (CEDEN) which integrates data from SWAMP and other programs.

Big Meadows Restoration and Post-Implementation Monitoring Report
 – Stillwater Sciences prepared this study report for the Fresno Fly Fishers for Conservation in an effort to apply a relatively new technique, referred to as “pond and plug”, to improve meadow condition and functionality.  The report summarizes pre- and post-restoration monitoring at Big Meadows located in Sequoia National Forest, within the Giant Sequoia National Monument. The project was implemented with the following goals: (1) establish a primary-thread low flow channel with multiple ancillary channels, (2) reduce flow peaks and increase/extend summer base flows, (3) increase instream cover and shading, (4) enhance aquatic and terrestrial habitat, (5) improve water quality, and (6) raise local groundwater level within the meadow (USDA Forest Service 
2007).
Monitoring data were collected on the following meadow attributes: (1) meadow channel cross-sections, (2) channel surface water flow, (3) groundwater levels, (4) meadow channel bed material, (5) meadow vegetation, (6) aquatic macroinvertebrates, (7) stream and pond temperature, (8) and bird diversity and abundance and summarizes findings from the monitoring efforts in attempt to address whether progress towards the six project goals enumerated above was made during the study period (2005– 2011).
Although early monitoring results showed no indications of gross changes in the channel form due primarily to the paucity of pre-project measurements, the report recommends on-going monitoring and adaptive management to more completely undertand the long term natural range of potential variability in meadow conditions. 
Sierra Meadows Partnership, Sierra Meadows Restoration Strategy – Prepared in November of 2016, this study emphasizes the importance of meadow restoration within Sierra Nevada as a key component of water quality within California.  The Sierra Nevada occupies about 25% of the State’s total land area, and is the source of 60% of California’s developed water supply. Many state and federal agencies understand that the relatively small 191,000 acre area of meadows in the Sierra Nevada provide vital and unique hydrologic and ecological functions for watershed health for the State.  Therefore, the Partnership through the Strategy sets forth the urgency to increase the pace, scale, and efficacy of meadow restoration and protection in recognition of the greater footprint for downstream water users. The Strategy aligns with many other state and federal water protection policies and long range planning documents and sets forth an “all-lands and all-hands” approach to an ambitious push to restore and/or protect 30,000 acres of meadows, in part, to protect the value of water flowing from federal, state, and private lands—an increasingly important effort, especially where severe drought conditions continue.  The implementation of the Strategy is based upon pre- and post-restoration activity monitoring coupled with adaptive management in response to monitoring observations of numerous measurable objectives and changing conditions inlcuidng those related to greenhouse gas/climate and land use change effects and  carbon sequestration.  The Strategy establishes short- (<5 years), intermediate- (5-10 years) and long-term (in 15 years) timeframes to achieve identified desired outcomes.
Millerton Area Watershed Coalition Phase 3 Watershed Assessment and Protection Plan Recommendations Report-Upper San Joaquin River – The final study in a series funded by CalFed, assesses resource conditions in the Sierra National Forest, San Joaquin River Gorge Management Area, San Joaquin Experimental Range, and part of the Millerton Lake Area (primarily Finegold Creek and environs.) Specifically, the 3-phased study assessed surface water quality, groundwater quality and quantity, noxious weeds/invasive species, and fuels and fire. Assessment involved monitoring and field survey. The Phase 1 assessment concluded that the Millerton Area watershed is in relatively good condition, but future demands from the Fresno/Clovis metropolitan area will incread demand on the watershed’s resources. In the phase 2 area, monitoring indicated that there may be potential impacts from septic systems. The overall condition of the watershed was deemed “repairable.” The phase 3 task was more involved than the previous two, attempting to collect more detailed data over far more land. The area suffered from the same septic problems as phase 2 and was also considered to be “repairable.” As an outcome of these assessments, the authors presented 68 recommendations for future management of the watershed, including on-going data collection and monitoring of changing conditions related to surface and groundwater; sediment, erosion, and soils; biodiversity and habitats; fuels and fire history; and invasive and noxious weeds.

Sequoia/Sierra National Forest Meadow Metrics (Nina…?)

Recent papers with PRISM data on higher nighttime temps (Nina/Dan Isaac)


Many communities monitor groundwater levels and groundwater quality related to their drinking water supply, wastewater treatment, and wastewater disposal.  The data collected is generally localized around the community. Due to the numerous communities in the Region they are not all listed here.
In addition to these regional monitoring programs there are many State, Multi- Regional and Federal programs that have local implications. The following is a list of several of these programs. This list is not intended to be complete or comprehensive but represents examples of the types of monitoring being conducted:

5. National Atmospheric Deposition Program (NADP). This program monitors precipitation chemistry including compounds of nitrogen; http://nadp.sws.uiuc.edu/.  The two stations in the Region are CA28 located at KREW on the Sierra National Forest and Ca75 located in Sequoia National Park.
6. Interagency Monitoring of Protected Visual Environments (IMPROVE).  IMPROVE monitors several aspects of air quality linked to reductions in visibility in Parks and special places of visual importance; http://vista.cira.colostate.edu/improve/
7. Conservation Biology Institute (CBI). The institute maintains several Sierra Nevada data sets found at http://consbio.org/general/search?q=sierra+Nevada  and http://consbio.org/
California Climate Commons (CCC). The CCC maintains several data sets concerning climate change and holds workshops focusing on vulnerability assessments and adaptive management: http://climate.calcommons.org/.
�


Figure 1. Some primary impacts of warming temperature on the water balance in Sierra Nevada headwater forests








� Herbst, David B., Sierra Nevada Aquatic Research Laboratory, University of California, Santat Barbara. A Monitoring Network for Detecting Climate Change Effexts on the Ecology of Sierra Nevada Streems (unpublished). Date Unknown,. See also, website for additional related information: � HYPERLINK "http://herbstlab.msi.ucsb.edu/" �http://herbstlab.msi.ucsb.edu/�





� Stillwater Sciences, Big Meadows Resotration and Post-Implementation Monitoring Report, Final, February 2012.





�This section moved to the end of the Chapter per suggestion of the RWMG. 


�Previous Section 8.1 moved here and so is now Section 8.5.


�Per Dr.Bales at UC Merced
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�Per Dr. Bales at UC Merced


�https://escholarship.org/uc/item/0sg4f8g3


https://escholarship.org/uc/item/71f611j4


�Per Dr.Bales at UC Merced


�Contributed by Mohammad Safeeq at UC Merced


�Compiled from information/website from David Herbst at SNARL


�Contributed by Bethany Soto, Water Board


�RWMG feedback mentioned these as potential new plans that incorporate monitoring and data sources  …


�If possible it would be great if the experts with knowledge of these plans and efforts could prepare brief descriptions equivalent to paragraphs above, if in fact these are relevant new monitoring efforts that provide meaningful insights or data for the IRWMP.
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