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What Are Ecosystem Services Markets? 

• Markets can be a Mechanism to Meet 
Environmental Objectives 

• Markets can be Cost Effective 
• Markets Require Institutional Support 

– Rules of the Game 



What can be Traded in an Ecosystem Services 
Market 

• Water Quality 
• Water Quantity 
• Water Temperature 
• Carbon 
• Wetlands 
• Wildlife Habitat 
• Biodiversity 
• … 



Assess Potential for Markets 

• Share of Load from Buyers and Sellers 
– Need Some Balance to Create a Market  

• Supply AND Demand 

– Potential to Reduce Load for Buyers and 
Sellers 



How Do Markets Work? 

• Define the “Good” in Question 
• Select the “Players” 
• Create Demand 
• Allow Market to Create Supply 



What is “water quality credit trading”? 

• Water quality credit trading is one tool 
– To reduce the cost of meeting environmental 

goals by reducing pollutants that degrade 
lakes, streams, rivers, and estuaries.  Pollutants 
like: 

• Nutrients (nitrogen and phosphorous):  Cause algal 
blooms and oxygen depletion in water 

• Sediments:  Diminishes water quality and reduces 
available habitat for aquatic life 



Challenges in water quality credit trading 
• Most challenges relate to PS/NPS trades – 

where the regulated meets the unregulated 
• Challenges include: 

– Setting pollution caps (Sometimes done outside the 
trading program) - TMDL 

– Establishing baseline pollution loads (TMDL?) 
– Complexities in establishing credits 
– Cost-Shared BMPs? 
– Transaction costs 
– Enforcing contracts and liability issues 



Complexities in establishing credits 
• Accurately measuring pollution reduction 

– BMP efficiency depends on site specific conditions – e.g. age, 
how BMP is maintained 

 
• Scientific models estimate load reductions from BMPs 

– Chesapeake Bay Model 
• Coefficients for BMPs 

– Watershed models are imperfect 
 



Water Quality Credit Trading  
Mid-Atlantic Region 

• Individual States Responsible for 
Creating Programs 
– States with Existing Trading Programs 

• Maryland (Market, Calculated Loads) 
• Pennsylvania (Market, Fixed BMPs) 
• Virginia (Exchange, Fixed BMPs) 
• West Virginia (Market, Calculated Loads) 

– States Creating Trading Programs 
• Delaware 



Maryland’s Water Quality Credit Trading 
Program 

• Rationale 
– Point Source Upgrades 
– Point Source Caps 

• Accommodate Growth 

• Point Source Program (2008) 
– MDE 

• Non Point Source Program (2009) 
– MDA (with MDE oversight) 



Maryland’s Water Quality Credit Trading 
Program:  Process 
Workgroup Membership 

 

•MDA •DNR •MD/DE Agro 

•MASCD •MDP •CBP 

•SSCC •CBF •FB 

•NRCS •USDA •U of MD 

•MDE •Enviro Banc •WRI 



Maryland’s Proposed Water Quality Credit 
Trading Program:  Topics Reviewed 

 

• Maryland Fundamental Trading Principles 
• Determining Trade Eligibility 
• Setting Baselines 
• Performing Trade Administration 
• Ensuring Accountability 
• Measuring Progress 



Maryland’s Water Quality Credit Trading Program 

• Credits  
– Nitrogen, Phosphorus 

• Players  
– Point Sources, Nonpoint Sources, Aggregators or Brokers, 3rd 

Parties 
• PS Baseline 

– ENR Required 
– Cap (TMDL) and Trade (Trade to Maintain the Cap) 

• NPS Baseline 
– TMDL targets 



Example: Upper Choptank 
 

1985 model residual load for Agriculture    
  22 lbs./ac.  
64% reduction = 8.9 lbs/ac. to meet TMDL 

Calculating Baseline for Maryland Agriculture 



Example: Current on farm loadings  
 

Residuals in soil                   5 lbs./ac. 
Total Application          133 lbs./ac. 
Total available          138 lbs./ac. 
Crop up take (from yield)           114 lbs./ac.  
New Residual              24 lbs./ac. 
 Current BMP’s 
Grass Buffers                       – 11.5 lbs./ac. 
Conservation Tillage                   –   4 lbs./ac. 
Current  Reductions                – 15.5 lbs./ac. 
 

Net Loading                                   8.5 lbs/ac.  *Eligible to Trade 
 

Options:  
Cover Crops        – 6 lbs. ac. (credits) 
Commodity Cover Crops     – 2 lbs. ac. (credits) 



Maryland’s Water Quality Credit Trading Program: 
Process 

• Web based mapping tool to calculate credits 
– Can optimize for market 

• Web based market place to facilitate trading 
• Tracking and Registry 



Mid-Atlantic Market Activity 
(As of 2011) 

• Very Little Demand 
– Over Supplied 
 

• Pennsylvania: 1 trade in works 
• Virginia: Nothing yet 
• Maryland: Designed for future trades 



Extensions for Maryland’s Water 
Quality Trading Program 

MDA Exploring Incorporation of Carbon with Nutrient 
 Trading Market 

 - Carbon Sequestration/Trading Advisory Committee 

The Chesapeake Fund 

 - Voluntary Water Quality Market 

 



Carbon Markets 

Maryland Greenhouse Gas Reduction Act of 2009 
 - Reduce Emissions 25% by 2020 

 - MDE to Draft Plan by Dec. 31 2011 

 - Begin Implementation in 2012 

 - MDE to work with MDA and Agricultural Interests 

 - Sequestration possible 



Carbon Markets 

Regional Greenhouse Gas Initiative (RGGI) 

 - 9 Northeastern States 

 - Reduce Emissions 10% by 2018 

 - Very Limited Allowance of Offsets 

  - Afforestation 

  - Avoided Methane Emissions 



Ecosystem Service Markets 

The Bay Bank 
• Clearinghouse for multiple programs 

• Marketplace for: 

• Carbon Sequestration 

• Water Quality Protection 

• Habitat Conservation 

• Conservation Programs and Forest Conservation 

• Land Server to educate and direct farmers to various programs 



Concerns About Ecosystem Service Markets? 

• Separate Markets for Separate Services 
– Air (Sox, Nox, Carbon,…) 
– Water (Nitrogen, Phosphorus, Sediment,…) 
– Biota (Wetlands, Forest Buffers,…) 

 
• Overlapping Services 

– Ammonia reductions (air) benefit water quality 
– Wetlands restoration (wildlife) benefits water 

quality 
 

• Stacking 
– Conservation tillage benefits water quality and 

provides carbon sequestration 



Stacking vs. Double Counting 
One Practice (Cons. Tillage) 

   
Benefit A (WQ)  

  
Benefit B (Carbon)  
   
Payment for     
Benefit A (WQ Market) 
Benefit B (Carbon Market) 

One Practice (Cover Crop) 
 

Benefit A (WQ) 
 
Payment for 
Benefit A (Cost Share Program) 
Benefit A (WQ Market) 



Lessons for Ecosystem Service Markets 

• Heterogeneity Across Ecosystems Implies 
Heterogeneity of Market Design 

• Assess Situation to See if Markets are Right Tool 
• All Trading Programs Require Institutional 

Involvement 
• Regulation Necessary to Set Baseline: Create 

Demand 
• Unregulated Players Need Baseline to Ensure Real 

Environmental Change 



Counting on the 
Environment 



 





Counting on the Environment Metrics 

Upland Habitat: Upland Prairie; Oak; Sagebrush; Floodplain 
 
Aquatic Habitat: Floodplain; Wetlands; Salmon Streams 
 
Water Quality: Temperature; Nutrients 
 
Coming Soon: Stream Functional Assessment 



Validate Calculate Verify Register Track 

VALIDATION & ELIGIBILITY 



Validate Calculate Verify Register Track 

VALIDATION & ELIGIBILITY 

Additional 
Required 
Business as usual 
No flipping 
 

Suitable 
Local natives 
Diversity 
Density 
References 

Sustainable 
Steward 
Costs 
Plans 
Legal protection 

Avoid 
Minimize 
Permitted 





Project Change 

Validate Calculate Verify Register Track 









 



Existing/Emerging Markets in the Northwest 



Projects in the Works 
Hydropower relicensing: Klamath and Snake Rivers 
 
Energy facility mitigation: Sagebrush country 
 
Linking incentives delivery (certification, regulatory assurances 
and markets): Willamette Valley vinyards and prairie 
 
Precompliance habitat mitigation: Multiple areas 
 
Quantifying ecosystem services: Klamath, Yakima 



QUESTIONS 
 

SIGN UP FOR THE NEWSLETTER 
WWW. WILLAMETTEPARTNERSHIP.ORG 
 



 
  

Mark S. Kieser 
Senior Scientist  

Kieser & Associates, LLC 
 

Valerie Minton  
Program Director  

Sotoyome Resource Conservation District  

California Department of Food and Agriculture  
ENVIRONMENTAL FARMING ACT SCIENCE ADVISORY PANEL  

INCENTIVES WORKING GROUP 

Sotoyome Resource 
Conservation District 



Topics for Meeting 

Resolution offset program considerations 
Laguna de Santa Rosa setting 
Crediting considerations/challenges 
Crediting project opportunities 
Future program options 
Take home message 



City of Santa Rosa Offset Need 
 City’s Subregional Treatment Plant NPDES permit requires 

zero net discharge for TP and TN (pre/post-TMDL) 
 NCRWQCB resolution allows the City to:  

1. Implement further wastewater treatment 
2. Increase water reclamation (steam power generation/irrigation)  
3. Use nutrient credits to offset any nutrient discharge  

 City expects wet year discharges beyond reclamation   
 Costs to upgrade existing wastewater facility >$40M  
 Crediting alternatives with Ag are cheaper 
 First application of offsets for CA treatment plant 
 Substantial void exists for efficient offset program options 



City’s Crediting Objectives 
 50,000 credits/year offset goal  
  N/P ratio 4:1 

 Diversified credit portfolio 
 Long credit life 
 Minimized credit discounts 



Laguna de 
Santa Rosa 
Setting 



• Ecologically and economically  
   important 
• Largest freshwater wetlands  
   complex on northern CA coast 
• “Wetland of International  
   Importance” 
• Largest trib. of Russian River 
• Drains approximately 254 mi2  

• City of Santa Rosa largest in  
   CA North Coast Region; 12th    
   largest metro area  in CA 
• 70 mi2 of “important  
   farmland”  (per CADC) 

It’s a Big Deal 



Sotoyome Resource 
Conservation District 

City Discharge to Santa Rosa Creek 









Current Focus – Dairies 
Long-term relationships with City 

New water quality regulations 

Outreach 

Project Identification & Development 

Project Implementation 

 

 

 



Dairy Operations in the Laguna 
FACTORS:  
• Manure “potent” credit option 
• Dairy WDR/Waiver baselines 
• Timeframe with order issuance  
• Site-specific data  
• Solid project cost estimates 
• Credit calculation method 
• Discount factor application  
• Credit life 
• Transition between  
   Resolution & TMDL 
• “Ag conversion” sensitivity 



RCD Tragetory 
Expansion to other Ag land uses 

—Irrigated lands water quality 
regulations on the horizon 



Crediting Considerations 
• Margin of safety  
• Bioavailability factor  

– Nitrogen (N) and Phosphorus (P) from offset 
project vs. Delta Pond discharge 

• Laguna de Santa Rosa location factor  
– Instream tributary losses to Laguna 

• Delivery ratio  
– Overland runoff between project and stream 
– 100% if adjacent to stream 

 



Credit 
Life 

Credit Cost ($/credit) 

$1 $5 $10 $15 $20 

1 $1,500,000 $7,500,000 $15,000,000 $22,500,000 $30,000,000 

4 $375,000 $1,875,000 $3,750,000 $5,625,000 $7,500,000 

10 $150,000 $750,000 $1,500,000 $2,250,000 $3,000,000 

15 $100,000 $500,000 $1,000,000 $1,500,000 $2,000,000 

30 $50,000 $250,000 $500,000 $750,000 $1,000,000 

30-year Compliance Costs 
Assumes 50,000 credits needed per year 



Step 1  
• Initial contacts with landowners 

Step 2  • Site visits with RWQCB staff to identify opportunities 

Step 3  
•Outline credit generating practices for operator feedback and 
concurrence 

Step 4
  

• Preliminary cost-effectiveness review 

Step 5 
  

•Detailed discussions with RWQCB 

Step  6
  

• Preliminary design through RCD, and contract negotiation for 
years of practice operation  

Step 7  • Formal credit proposal for RWQCB EO approval 

Step 8
  

•Design, construction and verification of practices by RCD 

Offset Credit Project Approval Process 



Santa Rosa Crediting Project #1 
Suggested BMP: Stacking Pad  

Stacking pad for liquid manure pit 
• Area: 1/3rd of an acre 
• Proximity to water course: 65 ft 
• Period in use: June - September 
• Purpose: to stack crust solids from liquid manure pit for 

drying and hauling purposes 

The Crediting Challenge… 
 

No standardized set of quantification 
tools or calculations in California 

for Ag BMPs 



Liquid Manure 
Pit Stacking Pad 



Credit Generation Estimate Options: 
 

1. Direct runoff (during stacking and storm events) 
2. Equivalent manure application rate  

Road Ditch 

Current Stacking Area 



Stacking pad credit estimate: Option 1 
(Direct Runoff) 

Assumptions: 
 Watershed location factor: 100% 
 Manure pile leachate runoff 
 Delivery ratio based on 65 feet: 42% runs off 
 Bioavailability factor of TN and TP: 85% 
 Loading per acre: 
 TN = 590 lbs annually 
 TP = 175 lbs annually 

 
 Generous crediting approach, but baseline question of 

manure runoff 
 
 



Stacking pad credit estimate: Option 2 
(Application Rate) 
Assumptions: 
 Watershed location factor:  100% 
 Delivery ratio:  N/A  
 EoF nutrient-enriched soil runoff 
 Bioavailability factor of TN and TP:  85% 
 Loading per acre: 
 TN = equivalent to 45 tons of manure applied/yr 
 TP = equivalent to 59 tons of manure applied/yr 

 
 Conservative crediting approach, but realistic? 

 
 



Stacking Pad Crediting Comparison 

Life of 
Eligible 
Credit 

Generation 

Option 1 
TN Credits 

Option 2 
TN Credits 

Option  1 
TP 

Credits 

Option 2 
TP 

Credits  

Option  1 
Combined 

Credits 

Combined 
Credits 

Option 2 

1 year 211 64 63 3 274 67 

4 years 846 256 251 12 1,096 268 

10 years 2,114 640 627 30 2,741 670 

Option 1: Direct runoff of leachate from  stacking pile 
Option 2: Area runoff assuming manure applied at agronomic rates 



Stacking Pad Estimated Costs 

 Stacking pad:  $7,500  
 Design:  $1,125 
 Inspection and reporting:  2% annually 

 
 
 

Life of Eligible 
Credit 

Generation 

Option 1  
Combined 
Credit Cost 

Option 2 
Combined 
Credit Cost 

1 year $31 $130 
4 years $8 $34 
10 years $4 $14 



Santa Rosa Current Crediting Options 

Project 

Annual 
Credits Est. 

Project 
Costs  

# of 
credits 
with 4-
yr life 

Credit 
Cost 
(4-yr 
life) 

# of 
credits 

with 30-
yr life 

Credit 
Cost 

(30-yr 
life) 

Project 
Uncer- 
tainty Credits 

% of 
Need 

Dairy #1 1,987 4 $59K 7,974 $7.40 59,863 $0.98 M 

Dairy #2 588 1 $100K 2,351 $42.53 17,635 $5.67 H 

Dairy #3 32,751 66 $5.22M 131,004 $40.32 982,530 $7.11 H 

P-wooda 23,965b 19-48 $279K 23,965b $27.00b 9,586c $28.00c H 

TOTAL 59,291b 90-119 $7.158M 165,294 $36.83d 1,069,614 $6.93d -- 

a Assumes all non-renewable, 1-time credits 
b Credit life distribution over 4 years 
c Credit life distribution over 10 years vs. 30 years for dairies 
d Weighted average credit price 



Offset Program 
Structure 

Step 1  
• Landowner contacts 

Step 2  • Site visits 

Step 3  
• Project options 

Step 4

  
•Cost-effectiveness  

Step 5 

  
•RWQCB discussions 

Step  6
  

• Prelim. design/negotiation  

Step 7  •Credit proposal to RWQCB 

Step 8
  

• Project implementation   

Responsible Parties 
Current Future 

K&A, MS, RCD, 
WUD, RWQCB RCD 

K&A, MS, RCD, Tt, 
WUD, RWQCB RCD+technicians 

K&A, RCD+, 
WUD, Tt 

K&A, MS, Staff RCD, Staff 

K&A, MS, Staff RCD, Staff 

K&A, MS, RCD+, 
WUD, Staff RCD+, Staff 

K&A, MS, RCD+, 
WUD, Staff RCD, Staff 

RCD+, WUD, 
K&A, Staff RCD+ 



USDA Conservation Innovation Grant Opportunity: 
 Program Set-up (grant-funded): 

 WQT Program Development under a TMDL    
 Agricultural Liaison and Technician Training  
 

 On-going Program Actions 
 Offset/BMP Verification (Third Party)   
 Site-specific Proposal Preparation & Review  
 Monitoring (if required/desired)   
 Program Administration/Reporting   

Future Offset Program Development 



Ag Baseline 
Information 

& 
Site Eligibility  
Allowing  Ag 
Participation 

 

Credit 
Registry 

NTT & Other Load 
Reduction Calculators 

Trade Ratio Factors 
- Watershed location 
- Nutrient equivalence 
- Uncertainty 
- Policy 

Site Info & 
Records for 
Third Party 
Verification 

Nutrient 
CREDITS 

Credit 
Determination 
    (Load Reduction  

*  Trade Ratio) 

Agency 
Reviews 

Buyers 

Potential WQT Framework 



Great Miami River Trading Program Example 

County SWCDs 

X 
WWTP Buyers 

Ag Sellers 

Brokers/practice 
verification 

Clearinghouse 

Regulators 

ODNR  
Credit Verification 



• Simple, flexible contracts, differing lengths 
• WQT $s to keep practices in-place/raise to higher standard 
• Trust for farm/commodity groups (SWCDs, TSPs, CCAs) though 

technical assistance funding needed 
• Like local programs; mainly need to know rules 
• Address non-performance by appeals process or insurance pool 
• One-stop shopping 
• Web-based crediting tools 
• Reward/recognition for good actors 

 
 

Agricultural Perspectives 
American Farmland Trust Listening Sessions: 2009-2010 



Take Home Message 
  Real need exists for Ag credits 
  Millions to be spent by City 
  Credit calculation/baseline clarity needed 
  Currently very expensive process  
  Future program should be… 
  More efficient  
  Locally applicable 
  RCD-led 
  Broadly applicable for other CA settings 



Contact Information 
Valerie Minton 
Sotoyome Resource Conservation District  
PO Box 11526 
Santa Rosa, CA 95406 
(707) 569-1448  
VMinton@sotoyomercd.org  
 
Mark S. Kieser 
Kieser & Associates, LLC 
536 E. Michigan Ave., Suite 300 
Kalamazoo, MI 49007 
(269) 344-7117 
mkieser@kieser-associates.com  

Sotoyome Resource 
Conservation District 

mailto:VMinton@sotoyomercd.org
mailto:mkieser@kieser-associates.com
mailto:mkieser@kieser-associates.com
mailto:mkieser@kieser-associates.com


AGRICULTURAL REGULATORY 
PROGRAMS 

SWRCB Presentation for the CDFA 
Science Panel 
April 23, 2012 



WASTE DISCHARGE REQUIREMENTS: 
 

• California Water Code authorizes State and 
Regional Water Boards to issue Waste Discharge 
Requirements or conditional waivers of waste 
discharge requirements. 
 

• One of the drivers for developing the ILRP is the 
fact that on-going monitoring has identified many 
surface water bodies and groundwater aquifers in 
California as being impaired by pollutants that are 
commonly used by agricultural operations, 
including pesticides  nutrients, sediment and 
bacteria.   
 



AGRICULTURAL RELATED  
WATER QUALITY IMPAIRMENT 



PRESSING CONCERNS 

• Nitrate/nutrient impairment in both surface water and 
groundwater 

• Sediment impairment in many waters of the state 
• Chlorpyrifos, diazinon, malathion, simazine, diuron, 

and pyrethroids are among the pesticides found in 
many surface waters of the state. 

• Farming operations near these impacted surface 
waters are required to develop water quality 
management plans and implement management 
practices to mitigate the water quality impairments. 
– How to assist growers to comply 

• Enrollment 
 



MULTI-AGENCY PARTNERSHIPS 

• Multi-agency partnerships are being developed 
–  Butte and Glenn County MOU and pilot project that 

has proven successful. 
– Management level SWRCB and DPR discussion group 
– ILRP/DPR Focus Group 
– CDFA FREP coordinator participates in the ILRP RT 
– CDFA and SWRCB MOU development 
– RCD and CAC collaboration 
– SWRCB-USEPA-NRCS Water Quality Initiative  
– ILRP Team Concept 



HOW CAN YOU HELP 
 • Continue collaborative effort in participating in the SWRCB 

ILRP Team Concept 
  
• Develop a fertilizer use and application tracking system 

– Database managed by CDFA 
– Compatible with SWRCB systems (i.e. GeoTracker) 

 
• Develop a funding mechanism to increase FREP development 

of fertilizer use management practices with a water quality 
protection element 
 

• Work with Certified Crop Advisor’s (CCAs) to include water 
quality protection elements to certification criteria 

 



HOW CAN YOU HELP 
• Assist CCAs on how to develop and implement NMPs 

and fertilizer management and application methods. 
  
• Assist CCAs to understand the water quality regulatory 

requirements and fertilizer related nitrate/nutrient -
related water quality impairments in the areas where 
they are applying fertilizers, CCAs can consult with 
Regional Water Board staff. 

  
• CCAs can assist growers to find management practices 

that protect water quality 
– Consult with RCDs, NRCS, and UCCE Farm Advisor’s. 
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