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Background 
 
Stemple Creek is located in Marin and Sonoma Counties, California, approximately 40 miles northwest of 
San Francisco.  The creek flows westward to the Estero de San Antonio.  The Estero then empties into 
Bodega Bay.  The Estero is viewed as an important coastal resource and is included in the Gulf of the 
Farallones National Marine Sanctuary. 

The creek has had water quality issues, particularly high levels of ammonia, low dissolved oxygen, and 
sediment.  The 2002 California 303 (d) listing of impaired water bodies mentions nutrients and sediment 
as the pollutants of concern.  Some of the causes listed as potential sources for these concerns include: 
agriculture, grazing, irrigated crop production, intensive animal feeding operations, agricultural storm 
runoff, among others. 

 Local dairy operators are willing to help resolve the problems but would like to know that they are 
investing in the most cost-effective and efficient practices.  The lack of acreage for disposal along with 
steep slopes can make nutrient management difficult at times.   
 
A Sediment TMDL focused primarily on sediment and did not address other water quality issues and 
stream habitat. The TMDL target levels for water quality parameters also include targets for un-ionized 
ammonia, dissolved oxygen, and temperature. Surprisingly, the “Fresh Water Shrimp – Syncaris 
pacifica,” thrives in an area listed as water quality impaired. 

 

 
 

 

Purpose of CEAP Program  

The goal of the Stemple Creek CEAP Project is to validate the AnnAGNPS and watershed model, use the 
Riparian Ecosystem Management Model (REMM) to investigate the expected impacts of riparian buffers, 
and establish linkages between on-site treatments using conservation practices and off-site effects.  The 
Project is a joint effort between NRCS (tracking the use of and assisting in the implementation of 
conservation practices through the use of EQIP and other Resource Conservation District (RCD), state, 



   

and local programs), Cooperative Extension Service (performing the surface water monitoring), and ARS 
(collecting soils and other information needed for the models, setting up GIS data layers, run model 
simulations to validate). 
 
The local Cooperative Extension office has monitored the creek in three locations for two years and has 
obtained an extensive data set for suspended sediment, turbidity, ammonia, TKN, nitrate, dissolved 
oxygen, and temperature.  The ARS collected the information needed for running the models and created 
the GIS data.  NRCS worked with landowners in the area to verify applied and proposed practices.  The 
Southern Sonoma County and Marin RCDs provided outreach and field assistance. 
 
An evaluation of current practices was performed using AnnAGNPS.  Alternative management practices 
and conditions were modeled to evaluate the impact conservation measures have had or could have on the 
watershed water quality.  Stemple Creek provides the only western U.S. non-irrigated watershed in the 
CEAP program, so a unique perspective is provided. 

The REMM model was used to examine the effectiveness various buffer scenarios have on reducing 
nutrient and sediment loading to streams.   

The Stemple Creek CEAP Project Plan evaluated the environmental benefits and effects of USDA and 
RCD conservation programs that include Best Management Practices (BMPs) implemented to enhance 
water quality and stabilize upland erosion to reduce sediment yield.  Specific BMPs addressed were Dairy 
Nutrient Management Systems and Riparian Restoration. This watershed offers tremendous opportunities 
to study legacy impacts of previous land uses and to gather more information about the requirements of an 
endangered species.  It is also an excellent example of legacy land use impacts.  About 50 years ago, 
farmers ceased growing potatoes and other field crops and started dairy and livestock operations.  Thus, 
farmers changed from practices which greatly disturb the soil to practices which involve less soil 
disturbance.    

Riparian restoration work would include practices needed to protect and improve the riparian corridor by 
improving grazing management on adjacent uplands and re-vegetation in the corridor itself to accelerate 
the recovery.  Work on rangeland would focus on improving livestock distribution.  Installed practices 
would include fencing to manage grazing within the riparian corridor and control livestock access to the 
creek, alternative water sources for the livestock, and seeding to improve cover.  Management practices 
would include prescribed grazing.  Re-vegetation within the riparian corridor would include planting of 
trees, shrubs, sedges, and grasses.  These would be irrigated where needed.  The tree species used would 
provide a canopy of 40 to 60 percent when mature.  Work would be done along about 33 miles of stream 
and 13,000 acres of adjacent grazing land.  
 
Conclusions 
 

 Most of the sediment and nutrients in the area are produced in the months of November through 
January during the time of high rainfall.  

 Significant erosion occurs in the steep terrain of the downstream portion of the watershed that is 
the source for much of the sediment and nutrients at the outlet of the Estero. 

 The application of various rangeland and pasture practices by themselves do not have as much of 
an effect on reducing nutrient and sediment loadings unless combined with a reduction of manure 
applications within the watershed and the subsequent soil disturbance.  The combined effort can 
result in reducing nutrient and sediment loadings by 85%. 

 Results of the REMM simulations indicate that 25 – 30% more nitrogen is retained by flat buffers 
than steep ones, while more phosphorus is retained by steep buffers.  Steep buffers provide more 
sediment phosphorus output but less dissolved phosphorus output.   



   

 The area with the largest amount of sediment output is not associated with the largest amount of 
nitrogen and phosphorus, suggesting that much of the nitrogen and phosphorus is coming from the 
dissolved phase and is not attached to the sediment. 

 Flat buffers retain on average 5 – 10% more sediment than steep buffers.  The fraction of sand, 
silt, and clay will have an impact on the amount of sediment transport within the buffer, and 
ultimately retention, with higher amounts of sand leading to greater retention. 

 Ranchers and farmers can work around the weather, and the subsequent stream flow generation 
and nutrient and sediment delivery, to take actions such as herd rotation or manure spreading. 

 The application of riparian vegetation and sediment traps would reduce the delivery of all types of 
landscape erosion and nutrients without much disruption to the existing management throughout 
the watershed. 

 Previous water quality monitoring data combined with results from this study confirm a downward 
trend in ammonia concentrations in the Stemple Creek Watershed. 
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INTRODUCTION 
 

 Stemple Cr eek is a California coastal watershed app roximately 40 m iles 
northwest of San Francisco.  The headwaters begin west of the City of Petaluma, flowing 
to the Estero de San Antonio and the Pacific Ocean.  This estuary is included as part of 
the Gulf of the Farallones National Marine  Sanctuary.  L and-use history in the 52.5 
square mile watershed included cereal crop and potato production from  the 1850s to the 
early 1900s.  This was in c onjunction with and then repl aced by livestock grazing and 
dairy production to the present.   

Since the 1970s, water and habitat qual ity in Stem ple Creek W atershed has 
received increased attention.  In  1990, the North Coast Regional W ater Quality Con trol 
Board (RW QCB) listed  the wate rshed as im paired for nutrients and dissolved oxygen 
under Section 303 (d) of the Unit ed States of Am erica Clean Water Act. This attention 
and designation have lead to water quality investigations, as we ll as delivery of 
educational, technical and financial resour ces to agricultural m anagers for im proving 
water quality in the watershed.    

Regional Board staff conducted water quality  sampling and analysis for nutrients, 
pH, and dissolved oxygen in 1992  and 1993 at 12 sam pling locations (Winchester et al., 
1995).  In general, results from  this investig ation indicated that nu trient concentrations 
decreased in a downstream  direction.  St aff concluded that un-ionized ammonia 
concentrations in Stemple Creek exceeded na tional criterion throughout the watershed at  
different tim es of the year.  Specifically, acute toxic con centrations were documented  
during spring sam pling rounds a nd were attributed to the in teraction of nutrient loading 
from dairy m anure and increas ed stream  temperatu re.  It was noted, however, that 
concentrations from  this study were lower than results from  1988 to 1992 ( Prunuske 
Chatham, Inc., 1994). 

From 1991 to 2002, the California Depart ment of Fish and Gam e (CDFG)  
conducted biweekly w ater quality m onitoring during winter m onths (Rugg, 2003).  
Results f rom this prog ram indicated that concentrations of un-ionized a mmonia were  
initially above toxic values.  Measu red concentrations decreased during the m onitoring 
program period.  Results from  this program  were shared monthly at the Sonom a-Marin 
Animal Resources Comm ittee which in turn  worked with ranche rs and farmers located  
above sam pling sites to im prove m anure management and its potential im pacts on 
Stemple Creek. 

Water quality studies and m onitoring for sediment within the watershed have 
been limited.  There are, however, a few studies  that identify trends in sedim entation and 
provide direction for implem entation of practices to im prove water quality.  Underlying 
geology of the watershed includes m arine se diments of the Franciscan and W ilson 
formations that resu lt in fine sandy and silt loam soils (Miller, 1972; Kashiwagi, 1 985). 
In 2002 and 2003, Ritchie et al. (2004) docum ented sedimentation rates from 1954 to the 
present.  Their results indicat e that rates from  1954 to 1967 are greater than those f rom 
1968 to the present.  Explanations for this change in rates include the transition from row 
crop agriculture to livestock agriculture in the 1930s and 1940s.   

Local farmers and ran chers participated  in water quality education program s 
during the 1980s and 1990s.  These have been  organized and implemented by University 
of California Cooperative Extens ion (UCCE), United States Departm ent of Agriculture’s  
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Natural Resources Conservation Service (N RCS), and both the Southern Sonom a a nd 
Marin Reso urce Conse rvation Distric ts (RCD).  These included the  Dairy Quality  
Assurance Program, Ranch W ater Quality Pla nning Shortcourse (Rilla et a l. 1995) and  
others.  Producers participating in thos e program s are now cooperating with the two 
RCDs to implem ent water quality improving practices and m easures through a progra m 
funded by State bond measures.  In addition, farmer and rancher application for technical 
and financial assistan ce through th e NRCS’ En vironmental Quality Incentives Prog ram 
(EQIP) continues annually. Lastly, the Petalum a Field and California State offices of the 
NRCS are shepherding an approved PL566 Sma ll Watershed Program Plan for over five 
million dollars of implementation assistance (NRCS, 2004).   
 The earlier water quality investigati ons, by RWQCB and CDFG, indicate that 
there has been some improvement to water quality as a result of the farmer and partnering 
agency conservation efforts.  In  order to  meet water qu ality crite ria th is trend nee ds to 
continue including further im plementation of  beneficial practices and decreas es in 
nutrient and sediment loading to the watershed.  For this reason the RWQCB adopted the  
Total Maximum Daily Load and Attainment Strategy for the Stemple Creek Watershed in 
1997 (Salisbury, 1997).   

Evaluating the benefits and effects of implemented best managem ent practices 
(BMP) to enhance water quality in the Stemple Creek Watershed requires a water quality 
sampling and analy sis p rogram that can acc ount for the annual, s easonal, storm , and 
diurnal variability in nutrient and dissolved oxygen levels .  In addition, the objective to 
evaluate BMP influence on water quality invol ves the establishment of a baseline or pre-
implementation conditions from which trends can be developed.   
 The national need for d ocumenting BMP effectiveness has recently been led by 
the NRCS’ Conservatio n Effectiven ess Asse ssment Program  (CEAP).  Stem ple Creek 
Watershed was designated as one of 24 NR CS Special E mphasis W atersheds for the 
purposes of  evaluating water quality benefi ts of dairy waste m anagement system s, 
riparian restoration, and soil and water conservation practices.   

In contribution to this evaluation, UCCE  Sonoma County and the Departm ents of 
Land Air and W ater Resources and Plant Sciences  at the Un iversity of California, Davis 
conducted water quality analysis. This repo rt provides an overview of the work 
completed, includ ing s teps tak en to instru ment sam pling sites, num ber of sam ples 
collected per site for storm  and 24-hour cy cle sam pling com ponents, and m ethods of 
sample analyses.  In addition, brief analysis  and provisional summ ary graphs and tables 
are provided.  A compact disc containing proj ect raw data, also accom panies this report.  
This document finalizes the reporting requi rements in the coope rative agreem ent (65-
9104-4-417) between the Universi ty of California Division of  Agriculture and Natural 
Resources and NRCS. 
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METHODS 
 
 Field work perform ed for the project began August 19, 2004 and ended June 6, 
2006 (Appendix A).  Laboratory sample proces sing and data analyses continued beyond 
that da te to  the writing  of  this rep ort.  Accor dingly, ac tivities and a ctions pe rformed 
included site instrum entation, sam ple collect ion and analysis, and data analysis.  In 
addition, the project team  participated in  a num ber of m eetings with watershed 
landowners, Agricultural Research Service (ARS) researchers, and NRCS and RCD staff.  
The 2004-2005 water year field season began w ith instrum ent deploym ent in August 
2004 and was com pleted on July 28, 2005 when sam plers and instrum entation were 
removed from the field after stream sites ha d dried.  Downs tream ISCO sam plers were 
redeployed for the 2005-2006 wa ter year field season on Novem ber 2, 2005.  Samplers 
were removed from the field on June 6, 2006 after downstream sites went dry.   
 
Site Description 
 
 The four primary study sites included three mainstem sites - Sites 1, 2, and 3 from 
downstream to upstream.  Site 4 is downs tream of a holding area and upstream  of a  
vegetative filter strip on a sm all tributary between Sites 2 and 3.  Per i nstructions from 
NRCS Watershed Planning Geologist Vern  Finney, Site 5 was added for the 2005-2006 
water ye ar severa l m iles downstre am of  Site  1 and upstream  of any tidal influence.  
Drainage area and location desc ription for each site are  provided in Table 1.  Com bined, 
these sites serve to represent the conditions of the entire watershed at large.  This includes 
the scale and variability in hydrology, liv estock agricultural  activities, and 
implementation of conservation practices to improve water quality and habitat. 
 
Table 1:  Site drainage area and description. 

Site # Drainage Area 
acre (hectare)  Description 

    
1 3,088 (1,250)  North Fork mainstem behind historical marker. 
    
2 2,902 (1,174)  North Fork mainstem below conservation practices. 
    
3 472 (191)  North Fork mainstem in upper watershed. 
    
4 < 4 (<2)  Below holding area at dairy with 30+ head year round. 
    
5 20,171 (8,163)  Stemple mainstem above tidal influence. 
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Site Instrumentation 
 

Instrumentation of the five project site s consisted of inst allation of Teledyne 
ISCO, Inc. sampling equipment and Yellow Springs Instruments (YSI) 6820 data sondes.  
Working cooperatively with Vern Finney, we  installed ISCO Model 6712 water quality 
samplers, with Model 730 bubbler s to record stage height, and Model 674 tipping bucket 
rain gauges  to m easure wet pre cipitation at each site.  All ISCO equipment installation 
was completed by the end of November each fa ll before any rainfall occu rred (Appendix 
A).  All sondes recorded data for nitrat e, ammonium , turbidity, pH, te mperature, 
electrical conductivity, and dissolved oxygen on a 15-minute interval. 

 
2004-2005 
 

We initiated calibration and deployment of the data sonde at Site 1 on Decem ber 
21, 2004.  We com pleted calibration and deploy ment of sondes at S ites 1, 2, and 3, 
including correct calibration of the ion specific electrodes for ammonium and nitrate with 
pH probes on February 4 and 8, 2005.  Deploymen t of a son de at Site 4 was not feasible 
because of the in termittent natu re of stream  fl ow that prevented th e instrum ent from 
being continually submerged.  The delay in sonde deployment resulted f rom the need to 
acquire the appropriate calibration fluids and pH probes that facilitated correct calibration 
and deployment of the nitrate-nitrogen and ammonium-nitrogen ion specific probes. 

2005-5006 
 
 We initiated calibration and deploym ent of the YSI 6820 data sonde at Site 2 on 
November 28, 2005.  We com pleted calibration a nd deployment of sondes at Sites 1, 2, 
and 3 on December 21, 2005.  Site 5 was installed with a calibrated sonde on January 25, 
2006.  Sim ilar to the previous winter, deploym ent of a sonde at Site 4 w as not feasible  
because of  the intermittent an d s hallow natu re of stream  flow that prev ented the 
instrument from being continually submerged.   
 
Sample Collection 

2004-2005 
 
 We were prepared to begin sam pling on October 1, 2004.  Rain sufficient to 
generate runoff and allow for sam pling did no t occur until m iddle November for Site 4,  
late November for Site 3, and early Decem ber 2004 for S ites 1 and  2 .  W ater qu ality 
samples were collected on a storm  event basis at Sites 1 through 4 and a 24 – hour cycle 
basis at Sites 1 through 3.  Sa mpling for the 24-hour cycle was not feasible at Site 4 
because of the intermittent nature of flow in  response to precipitation.  S ample collection 
began on November 27, 2004, with in itiation of in-stream flows, and continued into July 
2005 until stream  flow ceased.   Site 3 con tinued to  suppo rt base flow  conditions all 
summer.  As a result, the ISCO sampler rem ained deploye d in the f ield until July  28, 
2005 in order to monitor water level for stream flow calculations.  A total of 468 sa mples 
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were collected during the 2004-2005 water y ear (Table 2), including duplicates for 
quality control. 

2005-2006 
 
 Similar to  the p revious year,  water qua lity sam pling required  suf ficient 
precipitation to gen erate stream flow.  Firs t opportunities for sampling occurred in early 
November 2005 for Sites 3 and 4, m iddle November for Sites 1 and 2, and early 
December for Site 5.  Water quality sam ples were collected on a storm event basis at all 
sites until D ecember 31, 2005, as ag reed.  One m ajor revision to th e work plan  was th e 
halting of 24-hour water quality sampling at  S ites 1 through 3 to accomm odate the 
addition of Site 5, at which storm  sampling, continuous stage heig ht, and water quality 
parameter recording were conducted.  A total of 77 samples were collected for laboratory 
analysis from the four s torms that occu rred between October 1, 2005 and Dece mber 31, 
2005, including duplicates for quality control (Table 2).   
 
Table 2:  Inventory of water quality samples collected at the five sites for CEAP water 
quality analysis on Stemple Creek Watershed in the 2004-2005 and 2005-2006 water 
years. 

Site 
Number of 

storms sampled 

Number of 
storm samples 

collected 

Number of  
24 – hour cycles 

sampled 

Number of  
24 – hour cycle 

samples 
collected 

     
2004-2005 

1 10 111 3 69
2 11 117 4 78
3 10 99 4 95
4 11 99 - -

  
 subtotals 426 242
  
2005-2006 

1 3 17 - -
2 3 18 - -
3 2 13 - -
4 2 15 - -
5 2 14 - -

  
 subtotals 77   
 
Sample Analysis 
 
 Collected water sam ples were preserved and transported at 4 o C to the water 
quality laboratory at UC-Davis (Drs. Ra ndy Dahlgren and Ken T ate’s analytical 
laboratories). Sa mples were analyzed for pH, electrical conductiv ity, total suspended 



 

Stemple Creek Watershed  CEAP Water Quality Analysis  9

solids (organic and inorganic), volatile su spended solid s (organic ), turbidity, tota l 
nitrogen (TN), a mmonium/ammonia (NH 4/NH3), and nitrate (N0 3).  Values of 
ammonium/ammonia combined with instream measurements of pH and temperature were 
used to  calculate the respective co ncentration of un-ionized amm onia (Em erson et al. 
1975). Particle size analysis was completed on a subset of the sam ples collected in the 
2004-2005 water year field season. Analytical  m ethods and quality  control/quality 
assurance protocols are briefly described below. 

Analytical Methods 
 
1. Nitrate and Ammonium/Ammonia - Nitra te and ammonium/ammonia concentrations 

were determined on samp les filtered through a 0.45 m Nuclepore membrane f ilter 
(filters are pre-rinsed with sample).  Nitrate and ammonium/ammonia were quantified 
simultaneously using an autom ated m embrane diffusion/conductivity detection 
method (Carlson, 1978, 1986).  The m ethod allows for analysis of high ionic strength 
solutions without dilution of sa mples.  This  allowed us to obtain excellent detection 
limits.  The stated m ethod detection lim it fo r the instrum ent is 1 ppb N.  Under 
standard operating conditions for river waters from the Stemple Creek Watershed, we 
have determined a lim it of detection of  about 10 ppb calculated as three tim es the 
standard deviation of a dis tilled/deionized water blank.  This lim it of detection 
resulted in very few “less than detection” values for Stemple Creek water.  Recovery  
of a mmonium/ammonia and nitrate from  sp iked sam ples were >95% within the 
concentration range of  Stem ple Creek wate r.  Repeated analys es of analytical  
standards had a coefficient of variation (CV) consistently <5%. 

 
2. Total N - Total n itrogen was determ ined on non-filtered samples.  Total n itrogen is 

determined conductim etrically (as describe d above) following pers ulfate oxidation 
(Yu et al., 1994).  W e used a 1% persulfa te oxidant concentration, a sample:oxidant 
ratio of 1:1 (V/V), and heatin g in an autoclave.  The lim it of detection was a function 
of the n itrogen contam ination conte nt of  the reagent chem icals.  W e used a high-
purity potassium persulfate reagent that provides a limit of detection of about 50 ppb 
N.  This detection level was low enough to quantify tota l nitrogen in  all of the  
Stemple Creek waters.  Recovery of  total nitrog en was statistic ally id entical to the 
Kjeldahl total nitrogen m ethod that we have used in a comparison study utilizing 
several reagent grade, organic nitrogen compounds.   

 
3. Suspended solids - Suspended solids were quantified by filtration of a known volum e 

of water sample through a Gelman A/ E glass fiber filter (about 0.45 µm ) and 
weighing the filter before and after filtration.  The glass fiber filters were preheated to 
525o C for 1 hour to pu rge the filters of any volatile contaminants.  The filters were 
stored in a desiccater p rior to the filtration step.   Followi ng filtration, the filter, with 
suspended solids, was dried for 24 hours in a desiccater and then  weighed again.  
Drying in a desiccator is preferred to oven dryin g because some organic com pounds 
are unstable with heating resulting in some volatilization of the suspended solids.  To 
determine volatile suspe nded solids (organ ic matter), we combust the f ilter at 525 oC 
for 4 hours and subtract the lost in m ass from the pre-combusted mass.  We  used a  
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four-place balance (0.0001 g or 0.1 mg) for measurements.  The detection limit was a 
function of the amount of water filtered through the filter.  If a liter of river water was 
filtered, the limit of detection was about 0.5 mg/L given a plus/minus variation of 0.2 
mg from the analytical balance and two weight determinations per sample (before and 
after filtration). 

 
4. Particle size - Particle size distribu tion was analyzed by removing the organic solids 

(volatile) f raction f rom the sam ples a nd then analyzing the inorganic solids 
(nonvolatile) fraction using a Coulter® lase r particle analyzer.  Removal of the 
organic fraction was done by adapting the pe roxide treatment for sam ples described 
by Klute (1986).   

QA/QC protocols 
 
Quality Ass urance and Quality Control (QA/QC) m easures consis ted of  our standard 
laboratory protocols including spikes, blin d sam ples/duplicate s amples, reference 
materials, setting of control limits, criteria for rejection and data validation methods. 
 
1. Sondes – The 6820 data sondes were m aintained by scheduled laboratory calibration 

and field cleaning.  Due to particulates and algal growth, we determined regular 
maintenance of equipment in the field was essential in order to obtain accurate sonde 
data.  We carefully cleaned all water quality probes on a weekly basis.  Calibration of 
nutrient probes was especi ally important.  W e tim ed calibration of probes 
immediately prior to deploying sondes in the field.   

 
2. Spikes – Our norm al protocol was to run spik ed samples at the onset of the project.  

Once we had established that we obtained a con sistent and acceptable recovery from 
spiked samples, we periodically processed spiked sam ples for confirm ation.  Our 
frequency of running spiked sam ples was t ypically quarterly.  W e set an acceptab le 
recovery at 85%.   

 
3. Blind sam ples/duplicate sam ples – Appr oximately 5-10% of our unknown sa mples 

were run as duplicates.  Because the individual who prepares the samples for analysis 
(filtering & pouring off sa mples) was diffe rent from the individu al doing th e 
analytical analysis, all duplica te samples were effectively blind sam ples.  W ithin an 
analytical ru n, we reanalyzed all sa mples if  duplica te samples were not within 10-
20% of each other (20% if the valu e is less than 10 times the limit of detection; 10% 
if the value is greater than 10 times the limit of detection). 

 
4.  Reference materials – W e utilized certif ied quality as surance standards for m ethods 

when comm ercially availab le.  Certif ied “nutrient” and “mineral” s tandards 
containing nitrate and ammonium were used in this study.  The refer ence standard 
was run immediately after instrument calibration to verify that our working standards 
were correct.  We had a 10% limit of acceptability from the certified value.  For the 
total N, we digest ref erence s tandard to  determ ine the recovery of the inorganic 
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nutrient species.  W e were not aware of a ny reference standards available for total N 
that were based on organic forms of these nutrients. 

 
5. Blanks, standards and standard curves – At the onset of an analytical run, we used a 

series of distilled-deionized and/or digest ed matrix blanks.  Working standards were 
prepared fresh from dilution of a stock solution on at least a monthly basis.  Standards 
were sto red at 3 o C an d in the  dark.  All ana lytical s tandards were  purchased from 
Fisher Scien tific.  A sta ndard curve  was th en run from  a s eries of standards which 
defines the working range of analysis.  Th e standard curve was verified by running 
the certified  reference standard.  The st andard curve was rejected if it did not  
determine the values of the certified reference standard within 10%.  The standard 
curve was reanalyzed every 20-30  sam ples to verify that no instrum ent drift has 
occurred.  Drift in excess of 10% re sulted in rejection of all values determ ined since 
the previous standardization and re-analysis of those sam ples.  Standards were also 
analyzed at the end of each analy tical run to determine that the instrum ent remained 
stable through completion of all samples. 

 
6. Sample handling – Upon receipt, samples were logged into a spreadsheet and verified 

against the chain of custody for m.  Each  sample was assigned a laboratory num ber 
that serves to tra ck the sample through the analy tical analysis.  Sam ples were sto red 
at 3o C in the Water Quality Laboratory.  A subsample of each sample was frozen and 
retained for up to six month or until the data had been examined by the contractor. 

 
7. Data validation – Most data we re collected electronically so  that data transfer errors  

were minimized.  For those m ethods requiring hand entry of data, data was verified 
by graphica l and obser vation te chniques to spot outlie rs.  For com plete chem istry 
analysis, we used ch arge balan ce and solute/EC relationsh ips to validate  
concentrations.  For long-term  m onitoring pr ograms, te mporal data were plotted to 
look for inconsistent relationshi ps in the data record.  Prio r to releasing the data, the 
laboratory manager/principal investigator in dependently examined the data.  All r aw 
data were held for a minimum of one year. 
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RESULTS AND DISCUSSION 
 
Precipitation and Stream Discharge  
 
 Results from ISCO instrumentation included wet precipitation and stage height or 
stream level record ing on an event and 15-m inute interval b asis, respectively.  W e used 
the precipitation data to quantify 24-hour an d annual cumulative rainfall at each site 
during the two water years.  This is illus trated for Site 1 in Figure 1.  Sim ilar graphs for 
all sites are contained in Appendix B. 
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Figure 1:  Corrected precipitation for Site 1 during the a) 2004-2005 and b) 2005-2006 

water years. 
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We used the stage height data to calcul ate flow rate  and vo lume.  The m easured 
cross-sectional area at each site, Manning’s N of 0.045, and slope were input into th e 
Teledyne ISCO software (Flowlink Versio n 4.16) to m ake these calculations in 
conjunction with the recorded stage height.  The calculations were then  calibrated with 
field m easurements of stage height and flow rate.  W e m ade these calcu lations f or all 
sites in both water years to generate corrected discharge.  This is dem onstrated for Site 1 
in Figure 2.  A complete set of annual hydrographs is presented in Appendix C. 
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Figure 2:  Corrected discharge for Site 1 during the a) 2004-2005 and b) 2005-2006 

water years. 
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 Comparing and contrasting the rainfa ll and stream  flow in the 2004-2005 and 
2005-2006 water years clearly de monstrates the annual and seasonal vari ability in 
hydrology that is common in California Medi terranean watersheds.  Cumulative annual 
rainfall for 2004-2005 ranged from  28 to 31.5 inches com pared to a range of 33.5 to 38 
inches in 2005-2006.  T his difference of 5 to 7 inches parallels a difference in annual 
cumulative stream flow between the two year s.  For exam ple, a total of 3,674 acre-feet 
moved past Site 1 in 2004-2005 compared with 4,875 acre-feet in 2005-2006. 
 Seasonally, there are more subtle rain fall and stream  fl ow sim ilarities and 
differences between the two years.  The onset of stream flow followed a similar pattern in 
both years.  Generally, a few early storm s of m inimal rainfall am ounts contributed to 
relatively small storm responses in stream  flow, followed by a rapid return to low base 
flow stream discharge values.  In both year s, substantial and sustained stream  flow was 
initiated in December after the preliminary storms primed the watershed.  From the onset 
of stream  flow in early  Decem ber to app roximately April in each water year, rainfall 
intensity and duration was greater in 2005-2006 than in 2004-2005.  This translated to the 
2005-2006 water year having the highest single storm discharge value (Figure 3), greatest 
number of stream  flow storm  responses, an d elevated s torm season base flow v alues 
relative 2004-2005.  Conversely,  2004-2005 was m arked by a protracted storm  season 
that extended into late May and early June of  2005.  This resulted in more elevated and 
extended baseflow and appreciable storm response in 2004-2005 than in 2005-2006. 
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Figure 3:  Channel cross section at Site 1 with peak stage height for both water years and 

baseflow stage height indicated. 
 

Combined, these annual and seasonal obs ervations illustrate that while annual 
cumulative rainfall is related to annual di scharge, the tim ing, intensity, and duration of 
precipitation across seasons has a more significant effect on the re lease of  water in  the  
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Stemple Cr eek W atershed.  The im plication of these results for water qu ality 
management are that seasonal and storm scale precipitation and stream  flow 
characteristics derive the critical pollutant delivery paths, not annual totals. 
  
Laboratory Analysis 
  

Results from laboratory analysis f or both years consistently indicate that runoff 
from Site 4 has higher levels  of sedim ent, nutrients, and ot her water q uality parameters 
than stream water from  the other four sites (Appendix D).  F or example, concentrations 
of TSS and volatile-TSS are two to three orders of m agnitude higher in Site 4 sa mples 
(Figure 4).  Similarly, nutrient constituents such as TN and general chemistry constituents 
such as electrical conductivity were also or ders of m agnitude higher in Site 4 samples 
than in the other site sa mples (Figure 5).  Additionally, the relationship between the two 
at Site 4 was direct compared with indirect at the other study sties. 

These kinds  of  m ultiple constituent com parisons provide a n illus trative m ethod 
for com paring and ide ntifying re lationships in  water qu ality at m ultiple sites.  For 
example, volatile-TSS is on average 25 and 29 percent of TSS in sam ples from Sites 3 
and 5, respectively.  By com parison, volatile- TSS as a per centage of TSS in sa mples 
from Sites 1, 2, and 4 is 42, 43, and 46, resp ectively.  This difference in sedim ent 
composition between the two group s indicates that the source s of sedim ent contributing 
to each are different.  More specifically, hi gh-use areas, like those rep resented by Site 4  
may be delivering volatile-TSS and other const ituents to reaches of  the study area near 
Sites 1 and 2 but not sites 3 and 5.  Site 3 is  upstream of any holding areas and Site 5 is  
the site furthest downstream , with water qua lity conditions likely influenced by larger 
scale watershed sediment transport factors. 
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Figure 4:  Volatile suspended solids as a function of total suspended solids by site for 
both water years. 
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Figure 5:  Total nitrogen as a function of electrical conductivity by site for both water 
years. 

   
This delivery is cons tituent specific and depend ent upon th e im plementation of  

management practices to reduce it.  A us eful and com pelling exam ple is un-ion ized 
ammonia.  As discussed, CDFG monitored the watershed for un-ionized ammonia during 
the 1990’s (Rugg 2002).  W e compiled the data fr om that monitoring with results from 
this wate r q uality analy sis to id entify any potentia l trend s in water qu ality over tim e 
(Figure 6). An i mportant distinction be tween the CDFG and CEAP data is  the 
fundamental tim ing of sam ple collection.  The CEAP samples were collected during 
storm events and peak flow, while CDFG sa mples were collected biweekly regardless of  
flow conditions.  Additionally, all of the CD FG samples were co llected from mainstem 
locations, compared to the sm all scale and clo se proximity to a potential source that Site 
4 of the CEAP effort represents.   

From 1991 to 2002 there is a decrease in the concentrat ion of un-ionized 
ammonia.  This is encouraging docum entation that redu ctions in acute  toxicity of  this  
pollutant have been achieved in the waters hed, through sharing m onitoring results with 
local ran chers and  farmers and  correctiv e ac tion being taken by these agriculturalists.  
This parallels an increase in knowle dge, planning, and m anagement m easure 
implementation f ollowing water quality educ ation delivered statewide to rangeland 
owners and operators (Larson et al. 2005).  

Results from the CEAP study indicate that the gains m ade through 2001 have 
been at leas t maintained, if  not f urthered.  There were 58 sam ples out of the total 441 
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collected over the two years of study that had concentrations of un-ionized ammonia 
above the 0.025 m g/L criteria set by the U. S. Environm ental Protection Agency.  Of 
these, 36 w ere from  Si te 4 with the re maining 22 being  m ainstem sam ples.  The 
maximum was 2.89 mg/L com pared with the maximum of 2.66 m g/L identified by the 
RWQCB in 1995 (W inchester, 1995) and 9.89 determ ined by CDFG in 1991 (Rugg, 
2002).    

 
Figure 6:  Un-ionized Ammonia (NH3) concentration from 11-year dataset conducted by 

California Department of Fish Game in Stemple Creek Watershed combined 
with the two years of water quality analysis for this CEAP water quality 
analysis. 

 
 
 The effects of sample collection timing during storm events on water quality was 
discharge and parameter dependent.  For example, a clear linear relationship between and 
TSS and discharge exists at all sites except Site 4 (Figure 7).  Similar but less pronounced 
relationships are dem onstrated for ammonium  (Figure 8) and nitrat e (Figure 9).  These 
figures also graphically illustrate that concentrations for the three constituents are greatest 
in samples from Site 4, which has the smallest drainage area of the five study sites. 
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Figure 7:  Total Suspended Solids concentration from laboratory analysis of water 

samples as a function of stream discharge from at all study sites in both water 
years. 
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Figure 8:  Ammonium (NH4/NH3) concentration from laboratory analysis of water 

samples as a function of flow collected at all sites over both water years. 
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Figure 9:  Nitrate (NO3) concentration from laboratory analysis of water samples as a 
function of flow collected at all sites over both water years. 
 
YSI Sondes 
 
 Calibration of the analyti cal laboratory and sonde valu es were conducted through 
linear regr ession f or the parallel constitu ents.  This included nitr ate, amm onium, 
temperature, turbidity, conductivity, and pH for sites 1 through 3 for both years (Table 3).  
This was done as a quality control m easure and to correlate water quality param eter 
values between the respective measurement methods.  To reite rate, only Sites 1, 2, and 3 
were instrumented in 2004-2005 and 2005-2006, with Site 5 added in the second year. 
 Use of the continual data  recording sondes generated a more continuous data  
record f or s elected wate r quality co nstituents th an was poss ible with th e sam pling and 
analysis conducted on a storm or 24-hour basis.  This affords better documentation of the 
storm and seasonal va riability that exists f or the transport and delive ry of water quality 
constituents.  For example, values for both nitrate and ammonium demonstrate a seasonal 
flushing dynamic.  They are hi ghest early in the season a nd taper off through the water 
year (Figure 10a and b).  In addition, they demonstrate a consistent rising and falling with 
discharge. It is interesting to note that the highest nitrate concentrations were documented 
during peak storm activity and flood conditions between December 18, 2005 and January 
2, 2007.  This flushing and storm response ha s been de monstrated in other California 
Mediterranean watersheds. 
 
 
 
 
Table 3:  Summary of statistical results for correlating Sonde data with analytical 

laboratory and temperature field data. 
 

Site Parameter R2 
Correlation 

P-value 
Regression Equation P-value 

      

1 Nitrate 0.54 <0.0001 Sonde = 2.2 + 0.9 * (Lab) <0.0001 
 Ammonium  0.03 0.0696 Sonde = 0.3 + 0.3 * (Lab) <0.0001 
 Temperature 0.99 <0.0001 Sonde = 0.1 + 1.0 * (Logger) <0.0001 
 Turbidity 0.02 0.0446 Sonde = 37.9 + 0. * (Lab) <0.0001 
 Conductivity 0.84 <0.0001 Sonde = 44.4 + 0.9 * (Lab) 0.0621 
 pH not significant 
      

2 Nitrate 0.27 <0.0001 Sonde = 5.0 + 1.3 * (Lab) <0.0001 
 Ammonium  0.23 <0.0001 Sonde = 0.4 + 5.8 * (Lab) <0.0001 
 Temperature 0.62 <0.0001 Sonde = 5.6 + 0.6 * (Logger) <0.0001 
 Turbidity 0.81 <0.0001 Sonde = 0.9 + 1.2 * (Lab) 0.6883 
 Conductivity 0.93 <0.0001 Sonde = 5.7 + 1.0 * (Lab) 0.6545 
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 pH not significant 
      
3 Nitrate 0.31 <0.0001 Sonde = -23.7 + 29.4 * (Lab) 0.0068 
 Ammonium  0.02 0.0610 Sonde = 0.4 + 2.5 * (Lab) <0.0001 
 Temperature 0.72 <0.0001 Sonde = 2.6 + 0.8 * (Logger) <0.0001 
 Turbidity 0.92 <0.0001 Sonde = -6.4 + 1.3 * (Lab) 0.0490 
 Conductivity 0.88 <0.0001 Sonde = -26.1 + 1.0 * (Lab) 0.0538 
 pH not significant 
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Figure 10:  Discharge (cfs) and sonde measured ammonium (mg/L)(a) and nitrate 

(mg/L)(b) at Site 2 in 2005-2006 water year. 
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Loads 
 
 The com bination of param eter concen tration and discharge m easurements 
provided us the opportunity to ca lculate total storm load or flux of specific water quality 
constituents.  These loads were calculated for each site during the respective sto rms 
studied.  A complete table of all storm load values for study Sites 1 through 5 is presented 
in Appendix E. These calculati ons were only possible for two storm s at Site 5 during the 
second year of the study. 
  Similar to  the dis cussion on pa rameter co ncentration, Site 4 co nsistently 
demonstrated the greatest total storm loads for the water quality parameters studied.  This 
is compelling in that th e area of  Site 4 is three to f our orders of magnitude smaller than 
the other four sites (Table 1).  Also, on a standard comparison of unit area th ere is as  
much as three to fours orders of magnitude greater flux of selected suspended solids or 
nutrients moving past Site 4 than the other st udy sites (Figure 11).  This is pa rticularly 
true for Ammonium  and Ammonia.  Another in teresting o bservation is that value s f or 
many constituents at Site 1 are consistently lower than for those upstream at Site 2.   

While the difference between Site 4 and the ot her sites is cle ar, it is im portant to 
recognize the variability in storm loads at each  site because of individual storm intensity 
and precipitation volume (Figu re 12).  For example, the greates t storm loads at all sites  
were consistently experienced on January 11 and 12, 2005 and December 18, 2005, 
compared with lowest the storm loads experienced on November 15, 2005 (Appendix E).   
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Figure 11:  Mean total storm loads for studied water quality constituents on a per unit area basis.  The units of kilograms per hectare 
convert approximately to pounds per acre.  For example 100 kilograms/hectare equates roughly to 100 pounds/acre.
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Figure 12:  Storm loads for TSS (upper) and ammonium (lower) at all five study sites. 
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SUMMARY 
 
 The com bined results of hydrology, precipitation and water quality from  this  
endeavor provide the data to m odel water quality and the role BMP i mplementation can 
have in red ucing agricultural, and  specifically  lives tock agricu lture, impacts on water 
quality.  Com plimentary to any modeling, the results of this water quality analysis 
document the annual, seasonal, and storm  scale variability in stream flow generation and 
water quality.  They also facilitate prioritization of efforts to assist agriculture in its use of 
management m easures to im prove water quality and mainta in the  viability o f its 
operations. 
 Stream discharge generation at the study sites was typical of California’s 
Mediterranean climate.  In both study years, an initial vo lume of rainfall was required to 
prime the watersh ed prior to the initia tion of stream flow.  From th at point in the water 
year, discharge at each sample site rose and fell with each subsequent storm, until the end 
of the season.  The ti me period from early fall up to and including the watershed prim ing 
period represents an important  opportunity for the m anagement of livestock and m anure 
to reduce potential water quality impacts.  Ranchers and farmers can take actions, such as 
herd rotation or m anure spreading and in corporation, in advance of stream  flow 
generation and the delivery of any sediment or nutrients from the uplands to area streams.  
Inevitably, there will be st orms and storm  series that exceed m anagement capacity to 
reduce the transport of sediment and nutrients.  Such conditions were experienced during 
the last week of Dece mber 2005 and first week  in January 2006.  In this saturated state, 
the watershed is fully connected hydrologically.  

Water quality sam ples f rom Site 4 h ad concentrations of nutrients and sedim ent 
that were orders of m agnitudes greater than those at Si tes 1, 2, 3, and 5.  Conversely, 
stream flow volum es were at a m inimum an order of m agnitude less at Site 4 than  the 
other sites.  This is not unexpected.  As not ed, this site represents a high use area needed 
by dairy farms and ranches for concentratin g and handling livestock during some portion 
of the year.  These areas have m any common names including exercise lots, sick pens, 
calving pens, calf corrals, feeding areas, and loafing areas and are im portant production 
components for area dairies and ranches.  Th ey contribute to herd health by providing 
lactating anim als a place to exercis e that is ne ar to m ilking facilitie s.  They facilitate  
supplemental feeding in a cost-effective way.  Producers, alternatively, use these areas as 
nurseries or sick pens, allowing them to monitor groups of animals that require direct and 
timely attention.  Adm ittedly, the use of these areas results in surfaces where vegetation  
may be absent or slow to regenerate.  This increases the su sceptibility of these a reas to 
erosion and subsequent transport of nutrients  and sedim ent in runoff from  these sites 
during winter storms. 

The resulting m anagement ch allenge f or these areas is ho w to m aintain anim al 
productivity, health and welfar e while reducing impacts to w ater quality.  And given the 
relatively high concentrations and low flow vol umes measured at Site 4 , the questio n is 
raised as to the lo ading potential of sites  like Site 4 for the studied constituents.  In the  
actual case of Site 4, runoff from the area is directed th rough a grassed waterway prior to 
entering an  inte rmittent tr ibutary of  the m ain stem  of  Stem ple Creek.  Because  the  
objective of  this  water  quality an alysis was to gene rate data at d iffering sca les f or 
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modeling purposes, we did not conduct above  and below  water quality m onitoring to 
determine the effectiveness of this specific m easure.  Additional analysis of the data and 
further study designed to investigate this sp ecific question are requ ired to achieve that 
objective. However, the prelim inary analysis presented in th is report indicates that there 
is potential loading from high use areas a nd other inten sive agricultural opera tions like  
Site 4.  For exam ple, similar and higher va lues for volatile-TSS as a p ercent of TSS in 
samples from Sites 1, 2, and 4 rela tive to Sites 3 and 5 indicate that  there may be loading 
of fine solids from high use areas like Site 4 upstream of Sites 1 and 2.  And consistently 
the concentrations and loads for all studied parameters were lowest in Site 3 sam ples, the 
study site furthest upstream and above intensiv e agricultural operations such as high use  
areas and pastures receiving spread manure. 

This is not to say  tha t Site 4  is  th e source of  increased nutrient and sedim ent 
concentrations at Site s 1, 2, and 5.  There ar e spatial sc ales and multip le ac tivities 
between these study sites, including the im plemented m anagement m easure described 
above, that prevent any differentiation or asso ciation to be m ade.  More generally, the 
results and this preliminary analysis offer indications that water quality is changing fro m 
upstream to downstrea m and that loading f rom intensiv e agricu ltural opera tions is a 
potential source for these changes.  Accord ingly, these areas and locations on the far ms 
and ranches within the w atershed should be the first point of intervention for further soil 
and water conservation measure implementation.  Previous water quality monitoring data 
combined with the r esults from this water quality analysis c onfirm a downward tren d in 
ammonia concentrations in the Stemple Creek Watersh ed.  This record parallels previous 
and ongoing collaboration with watershed farm ers and ranches to im prove water quality.  
They should serve as the motivation that continuation of these conservation programs and 
actions will be effective in achieving that resource goal. 
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APPENDIX A  
 

Activities and actions performed to conduct CEAP water quality analysis on Stemple 
Creek Watershed. 
 
Date Activity and Action 
  
8/19/04 Meeting with Stemple Creek Watershed landowners to introduce the 

project. 
  
9/13-24/04 Installation of water quality samplers, stage height recorders, and 

rain gauges at four project sites. 
  
11/10/04 Measured project sites cross-sectional areas. 
  
12/2/04 - 
ongoing 

Water samples collected and analyzed.  ISCO and YSI instrument 
data collected.  

  
12/2-3/04 Field tour and meeting to coordinate with AGNPS researchers. 
  
12/21/04 Sonde deployed at Site 1 without pH probe and correct calibration of 

ammonium and nitrate probes. 
  
1/6/05 Sondes deployed at Sites 2 and 3 without pH probes and correct 

calibration of ammonium and nitrate probes. 
  
1/21/05 Sondes removed for correct calibration of ammonium and nitrate 

probes with pH probes. 
  
1/28/05 Field tour with UC Davis researchers. 
  
2/4/05 Sonde programmed and deployed at Site 2 with correct calibration of 

ammonium, nitrate, and  pH probes. 
  
2/8/05 Sondes programmed and deployed at Sites 1 and 3 with correct 

calibration of ammonium, nitrate, and pH probes. 
  
4/11/05 Sonde removed from all 3 sites for calibration. 
  
4/21/05 Sondes redeployed to all 3 sites. 
  
6/22/05 Sondes removed for calibration and storage over summer. 
  
7/28/05 ISCO samplers removed from field Sites 1,2 and 3 for cleaning, 

maintenance and storage. 
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10/31/05 Groundwater wells near stream sites were sampled. 
  
11/2/05 ISCO samplers were deployed at the four project sites. 
  
11/22/05 ISCO sampler deployed at new Site 5. 
  
11/28/05 Sonde installed at Site 2. 
  
12/1/05 - 
ongoing 

Water samples collected and analyzed.  ISCO and YSI instrument 
data collected.  

  
12/21/05 Sondes installed at Sites 1 and 3.  Sonde replaced at Site 2. 
  
1/19/05 Sondes removed from Sites 1, 2 and 3 for calibration. 
  
1/23/05 Sondes redeployed to Sites 1, 2 and 3. 
  
1/25/05 Sonde deployed at Site 5. 
  
2/10/05 Sonde removed from Site 5. 
  
2/15/05 Groundwater wells near stream sites were sampled. 
  
2/16/05 Sonde redeployed to Site 5. 
  
3/21/06 Sondes removed from all 5 sites for calibration. 
  
3/24/06 Sondes redeployed to all 5 sites. 
  
5/30/06 Sondes removed from all 5 sites. 
  
6/6/06 ISCO samplers removed from all five sites. 
  
6/27/06 Tour sites with state and federal NRCS staff. 
  
5/1/07 Meeting with Stemple Creek Watershed landowners to share 

preliminary project results. 
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APPENDIX B 
 

Annual precipitation for Site 1 over both water years - 2004-2005 (a) and 2005-2006 (b). 
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Annual precipitation for Site 2 over both water years - 2004-2005 (a) and 2005-2006 (b). 
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Annual precipitation for Site 3 over both water years - 2004-2005 (a) and 2005-2006 (b). 

0

0.1

0.2

0.3

0.4
P

P
T

 (
in

ch
es

)

a)

 

0

0.1

0.2

0.3

0.4

1-Oct 20-Nov 9-Jan 28-Feb 19-Apr 8-Jun

Date

P
P

T
 (

in
ch

es
)

b)

 
 



 

Stemple Creek Watershed  CEAP Water Quality Analysis  36

Annual precipitation for Site 4 over both water years - 2004-2005 (a) and 2005-2006 (b). 
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APPENDIX C   
 

Annual hydrographs for Site 1 over both water years - 2004-2005 (a) and 2005-2006 (b). 
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Annual hydrographs for Site 2 over both water years - 2004-2005 (a) and 2005-2006 (b). 
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Annual hydrographs for Site 3 over both water years - 2004-2005 (a) and 2005-2006 (B). 
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Annual hydrographs for Site 4 over both water years - 2004-2005 (a) and 2005-2006 (b). 
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Annual hydrograph for Site 5 over the 2005-2006 water year. 
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APPENDIX D   
 
Basic statistics for chemistry, turbidity and suspended sediment concentrations by year and site. 
 

pH Electrical Conductivity (uS/cm) Turbidity (mg/L) 
Water Year Site 

Mean  Std. Error Median Min. Max.  Mean 
Std. 

Error 
Median Min.  Max.  Mean 

Std. 
Error 

Median Min. Max.  

                 

2004-2005 1 7.5 0.015 7.5 7.0 7.8 502 15.2 530 26 1,100 31 3.8 9.6 1.4 493 
2004-2005 2 7.5 0.014 7.5 6.9 7.9 465 13.0 488 179 1,130 24 2.2 9.9 1.2 195 
2004-2005 3 7.5 0.019 7.5 6.7 8.0 391 10.3 365 148 698 66 6.3 27.0 4.2 527 
2004-2005 4 7.8 0.043 7.8 7.0 9.0 2,212 106.2 2,040 114 5,180 281 11.9 275.5 12.6 474 
2005-2006 1 7.0 0.040 7.0 6.7 7.3 282 62.7 320 100 1,220 117 31.3 51.2 1.5 332 
2005-2006 2 7.1 0.047 7.2 6.8 7.5 197 13.5 185 110 340 71 24.9 13.2 0.8 352 
2005-2006 3 7.1 0.068 7.2 6.7 7.3 153 9.1 155 110 200 103 37.9 48.9 4.8 418 
2005-2006 4 7.4 0.036 7.4 7.2 7.7 569 44.9 540 340 850 127 23.0 105.0 12.6 306 
2005-2006 5 7.5 0.015 7.0 7.0 7.8 182 15.0 180 120 280 75 16.1 51.7 12.7 197 

                 
 
 

Total Suspended Solids TSS (mg/L) Volatile TSS (mg/L) Non-volatile TSS (mg/L) 
Water 
Year 

Site 
Mean  

Std. 
Error 

Median Min.  Max.  Mean  Std. Error Median Min.  Max.  Mean  
Std. 

Error 
Median Min.  Max.  

                 

2004-2005 1 36 3.9 13 1.8 307 11.5 1.1 5.8 1.1 89 25 2.8 7.0 0.2 223 
2004-2005 2 32 3.5 11 1.8 310 9.8 1.0 5.1 0.7 102 22 2.6 6.6 0.0 216 
2004-2005 3 105 11.7 32 4.3 884 17.9 1.7 8.6 1.3 132 87 10.0 24.0 1.7 760 
2004-2005 4 5,385 615.6 3,712 296.4 33,120 2,211.6  209.6 1,695.0 180.0 10,820 3,174 426.4 1,980.0 90.7 22,410 
2005-2006 1 276 88.3 84 3.3 1,123 75.9 25.8 16.9 0 373 200 66.2 67.6 0.5 917 
2005-2006 2 179 74.9 28 2.3 1,190 50.5 23.4 6.9 2.0 400 128 52.2 20.9 0.0 790 
2005-2006 3 289 161.6 67 7.3 1,970 55.0 32.4 12.7 2.8 400 234 129.4 56.2 0.8 1,570 
2005-2006 4 7,886 1,690.6 5,320 400.0 24,600 2,639.3  443.6 2,050.0 240.0 6,400 5,247 1,278.9 3,700.0 160.0 18,200 
2005-2006 5 89 20.9 61 9.0 250 22.2 4.3 17.9 3.0 52 66 17.0 43.4 5.5 200 
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Basic statistics for chemistry, turbidity and suspended sediment concentrations by year and site. 
 

Dissolved Organic Carbon (mg/L) Total Nitrogen (mg/L) Ammonium NH4/NH3 (mg/L) 
Water Year Site 

Mean  
Std. 

Error 
Median Min. Max. Mean  

Std. 
Error 

Median Min.  Max.  Mean  
Std. 

Error 
Median Min.  Max.  

                 

2004-2005 1 15.9 0. 41 16 5.8 50 5.265 0.260 5.187 0.348 25.787 0.103 0.022 0.053 0.002 3.26 
2004-2005 2 14.8 0. 36 14 7.6 59 4.186 0.198 4.099 0.242 26.865 0.098 0.023 0.056 0.003 4.196 
2004-2005 3 11.6 0. 15 12 7.9 18 3.088 0.153 2.801 0.349 10.016 0.075 0.008 0.035 0.000 0.741 
2004-2005 4 192.1 7. 95 182 13.6 623 151.547 7.571 139.420 26.677 376.640 23.545 2.002 22.950 0.051 89.263 
2005-2006 1 19.9 3. 31 14 11.6 62 12.917 2.442 8.941 3.138 34.939 0.407 0.362 0.010 0.000 6.174 
2005-2006 2 19.7 2. 81 15 7.9 58 7.527 2.246 3.320 1.686 39.358 0.591 0.516 0.007 0.000 9.289 
2005-2006 3 11.8 0. 42 12 9.6 14 4.537 0.719 4.112 1.928 8.572 0.004 0.001 0.004 0.000 0.009 
2005-2006 4 169.0 43. 49 126 40.5 682 92.252 7.205 97.081 47.373 132.765 21.721 2.898 20.925 9.177 43.534 
2005-2006 5 22.7 2. 10 22 13.2 40 8.045 0.675 8.042 4.595 11.722 0.030 0.008 0.019 0.006 0.106 

                 
 
 
 
 
 

Nitrate NO3 (mg/L) Ammonia NH3 (mg/L) 
Water 
Year 

Site 
Mean  

Std. 
Error 

Media
n 

Min.  Max. Mean  
Std. 

Error 
Median Min.  Max.  

            

2004-2005 1 3.41 0.15 3.3 0.526 14.1 0.013 0.003 0.0002 0.00001 0.210 
2004-2005 2 2.37 0.11 2.2 0.058 12.8 0.0004 0.00005 0.0002 0.00003 0.002 
2004-2005 3 1.95 0.10 1.7 0.012 5.8 0.00025 0.00004 0.0002 0.00001 0.004 
2004-2005 4 17.92 1.76 18.0 0.050 103.8 0.339 0.108 0.092 0.001 2.839 
2005-2006 1 6.34 1.34 4.6 1.967 25.8 0.0009 0.0008 0.00002 0.00001 0.014 
2005-2006 2 2.37 0.49 1.5 0.530 7.1 0.0015 0.0014 0.00002 0.00001 0.025 
2005-2006 3 2.40 0.53 1.3 0.136 5.7 0.00001 0.00001 0.00001 0.00001 0.00005 
2005-2006 4 0.18 0.01 0.2 0.096 0.3 0.103 0.011 0.115 0.035 0.177 
2005-2006 5 5.09 0.56 4.6 2.370 8.1 0.00005 0.00001 0.00003 0.00001 0.0002 
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Basic statistics for chemistry, turbidity and suspended sediment concentrations by year and site. 
 

Water Year Site Total Phosphorus (mg/L) Ortho Phosphate PO4 (mg/L) 
  Mean  Std. Error Median Min.  Max.  Mean  Std. Error Median Min.  Max.  

            
2004-2005 1 1.1 0.080 0.8 0.094 7.485 0.834 0.056 0.6 0.184 6.4 
2004-2005 2 0.9 0.064 0.7 0.043 8.789 0.701 0.044 0.6 0.143 6.5 
2004-2005 3 0.5 0.031 0.3 0.020 3.498 0.170 0.014 0.1 -0.957 1.9 
2004-2005 4 41.7 2.354 34.0 5.989 108.454 23.764 0.695 23.0 5.520 42.4 
2005-2006 1 3.5 0.895 1.8 0.765 14.451 2.026 0.541 1.0 0.488 9.0 
2005-2006 2 2.7 0.990 0.9 0.479 17.682 1.500 0.611 0.6 0.301 11.2 
2005-2006 3 1.1 0.348 0.6 0.469 4.718 0.223 0.026 0.2 0.030 0.4 
2005-2006 4 54.6 4.855 49.5 27.240 97.525 28.823 3.366 26.2 17.792 71.8 
2005-2006 5 2.1 0.282 1.8 0.818 3.915 1.831 0.261 1.7 0.210 3.3 
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APPENDIX E  
 
Total storm loads for Site 1. 
 

Date 
Total TSS 

Storm 
Load (kg) 

Volatile 
TSS Storm 
Load (kg) 

Nonvolatile 
TSS Storm 
Load (kg) 

Dissolved 
Organic 
Carbon 

Storm Load 
(kg) 

Ammonium 
Storm Load 

(kg) 

Nitrate 
Storm 

Load (kg)

Total 
Phosphorus 
Storm Load 

(kg) 

Total 
Nitrogen 

(kg) 

Phosphate 
Storm 

Load (kg) 

Ammonia 
Storm 
Load 
(kg) 

           

12/8/0
4 1,291.3 671.1 620.2 645.2 7.8 163.8 86.4 296.6 63.0  

12/27/
04 9,348.1 2,312.5 7,035.7 1,502.6 15.7 371.9 171.4 678.3 132.8 0.058 

12/31/
04 3,662.4 858.2 2,804.2 1,096.8 5.2 290.3 88.6 482.3 71.7 0.024 

1/2/05 2,896.9 746.7 2,150.2 1,546.8 4.9 399.7 120.4 677.4 90.7 0.022 
1/3/05 1,876.9 496.1 1,380.8 1,197.2 4.3 283.0 88.2 452.6 68.4 0.024 
1/8/05 7,631.0 1,970.3 5,660.7 1,866.6 11.0 401.4 143.5 510.3 111.3 0.029 
1/11/0

5 5,509.1 1,504.4 4,004.8 845.5 2.9 184.8 82.9 245.6 65.1 0.009 
1/12/0

5 9,855.7 2,347.5 7,508.2 2,045.6 8.9 388.5 150.7 431.6 121.2 0.027 
2/16/0

5 419.6 263.2 156.4 384.7 9.8 136.1 18.0 161.2 14.2 0.044 
2/19/0

5 6,854.3 2,009.0 4,845.3 1,214.7 1.1 156.8 116.5 443.6 78.1 0.004 
2/21/0

5 2,472.0 679.6 1,792.3 1,074.1 1.1 93.2 58.2 249.9 50.7 0.008 
5/8/05 1,006.9 468.9 537.9 721.2 2.3 93.8 64.7 228.3 41.2 0.008 
11/9/0

5 1.1 0.5 0.6 2.2 0.002 0.7 0.2 0.9 0.2 0.00001 
12/1/0

5 5,391.1 2,199.6 3,191.5 284.3 29.5 64.6 97.7 260.9 62.7 0.068 
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Date 
Total TSS 

Storm 
Load (kg) 

Volatile 
TSS Storm 
Load (kg) 

Nonvolatile 
TSS Storm 
Load (kg) 

Dissolved 
Organic 
Carbon 

Storm Load 
(kg) 

Ammonium 
Storm Load 

(kg) 

Nitrate 
Storm 

Load (kg)

Total 
Phosphorus 
Storm Load 

(kg) 

Total 
Nitrogen 

(kg) 

Phosphate 
Storm 

Load (kg) 

Ammonia 
Storm 
Load 
(kg) 

12/18/
05 64,682.8 14,212.8 50,469.7 2,087.8 16.5 465.7 409.7 1,293.7 167.3 0.027 
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Total storm loads for Site 2. 
 

Date 
Total TSS 

Storm 
Load (kg) 

Volatile 
TSS Storm 
Load (kg) 

Nonvolatile 
TSS Storm 
Load (kg) 

Dissolved 
Organic 
Carbon 

Storm Load 
(kg) 

Ammonium 
Storm Load 

(kg) 

Nitrate 
Storm 

Load (kg)

Total 
Phosphorus 
Storm Load 

(kg) 

Total 
Nitrogen 

(kg) 

Phosphate 
Storm 

Load (kg) 

Ammonia 
Storm 
Load 
(kg) 

    
12/8/0

4 3,118.5 1,443.9 1,674.7 1,199.4 55.6 231.5 151.9 465.2 106.7  
12/27/

04 4,410.9 1,215.5 3,195.4 905.4 12.8 193.6 109.8 367.5 78.2  
12/31/

04 3,910.7 872.3 3,038.5 1,097.3 8.7 262.2 75.3 477.4 56.4  
1/2/05 1,780.2 438.0 1,342.2 836.0 2.3 201.0 66.9 339.1 41.2  
1/3/05 1,502.8 398.0 1,104.8 906.6 3.9 223.9 58.2 354.0 50.1  
1/8/05 8,311.9 2,149.5 6,162.4 1,770.2 7.1 398.6 137.1 511.2 111.8  
1/11/0

5 4,120.2 1,295.4 2,824.8 751.0 3.1 163.4 72.1 228.8 56.5  
1/12/0

5 7,949.4 1,881.0 6,068.4 1,454.9 6.7 276.4 105.1 385.9 81.2  
2/16/0

5 262.8 163.1 99.8 362.2 0.5 63.8 14.4 113.2 10.9 0.003 
2/19/0

5 5,131.7 1,450.6 3,681.1 994.5 0.9 110.1 74.3 331.8 55.3 0.004 
2/21/0

5 2,688.7 641.9 2,046.8 837.4 0.9 82.0 33.9 147.5 36.9 0.007 
5/8/05 493.9 235.1 258.8 375.0 1.2 59.6 30.7 126.1 20.0 0.016 
11/9/0

5 94.3 59.6 34.7 280.1 0.2 17.5 19.3 45.3 13.5 0.001 
12/1/0

5 9,914.7 3,188.2 6,726.5 435.3 66.7 61.4 153.5 370.2 97.5 0.182 
12/18/

05 39,555.7 9,363.6 30,192.0 3,113.0 36.4 395.5 410.0 1,201.2 149.7 0.045 



 

Stemple Creek Watershed     CEAP Water Quality Analysis
    

48

Date 
Total TSS 

Storm 
Load (kg) 

Volatile 
TSS Storm 
Load (kg) 

Nonvolatile 
TSS Storm 
Load (kg) 

Dissolved 
Organic 
Carbon 

Storm Load 
(kg) 

Ammonium 
Storm Load 

(kg) 

Nitrate 
Storm 

Load (kg)

Total 
Phosphorus 
Storm Load 

(kg) 

Total 
Nitrogen 

(kg) 

Phosphate 
Storm 

Load (kg) 

Ammonia 
Storm 
Load 
(kg) 
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Total storm loads for Site 3. 
 

Date 
Total TSS 

Storm 
Load (kg) 

Volatile 
TSS Storm 
Load (kg) 

Nonvolatile 
TSS Storm 
Load (kg) 

Dissolved 
Organic 
Carbon 

Storm Load 
(kg) 

Ammonium 
Storm Load 

(kg) 

Nitrate 
Storm 

Load (kg)

Total 
Phosphorus 
Storm Load 

(kg) 

Total 
Nitrogen 

(kg) 

Phosphate 
Storm 

Load (kg) 

Ammonia 
Storm 
Load 
(kg) 

           

12/8/0
4 430.9 82.2 348.7 14.5 0.1 4.2 1.9 5.7 0.3  

12/27/
04 1,321.4 193.1 1,128.3 67.4 0.7 19.8 4.8 33.2 3.5  

12/31/
04 948.9 119.7 829.2 58.7 0.4 17.0 4.0 28.2 1.3  

1/2/05 683.5 115.1 568.5 133.7 1.1 38.9 6.7 58.8 2.7  
1/3/05 607.3 78.2 529.0 65.8 0.5 17.4 3.2 28.4 1.3  
1/8/05 1,796.3 243.9 1,552.4 96.9 0.9 24.2 5.3 23.4 1.8 0.0022 
1/11/0

5 3,335.2 485.4 2,849.8 113.1 0.7 32.3 7.2 33.7 2.5 0.0021 
2/16/0

5 52.5 12.4 40.1 10.2 0.04 1.3 0.3 2.3 0.1 0.0003 
2/19/0

5 1,650.2 251.5 1,398.7 68.2 0.1 10.1 5.2 26.3 1.2 0.0003 
2/21/0

5 539.6 72.2 467.4 37.6 0.05 5.6 1.2 11.2 0.7 0.0003 
5/8/05 140.6 31.3 109.3 23.7 0.1 0.6 0.9 4.2 0.3 0.0011 
11/9/0

5 21.6 11.4 10.2 19.8 0.007 1.9 1.1 3.9 0.5 0.00004 
12/1/0

5 2,723.9 478.2 2,245.7 79.5 0.03 24.1 8.4 40.6 1.0 0.00005 
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Total storm loads for Site 4. 
 

Date 
Total TSS 

Storm 
Load (kg) 

Volatile 
TSS Storm 
Load (kg) 

Nonvolatile 
TSS Storm 
Load (kg) 

Dissolved 
Organic 
Carbon 

Storm Load 
(kg) 

Ammonium 
Storm Load 

(kg) 

Nitrate 
Storm 

Load (kg)

Total 
Phosphorus 
Storm Load 

(kg) 

Total 
Nitrogen 

(kg) 

Phosphate 
Storm 

Load (kg) 

Ammonia 
Storm 
Load 
(kg) 

           

12/8/0
4 161.3 64.3 97.0 6.0 0.6 0.9 2.3 4.5 1.0  

12/27/
04 25.3 13.5 11.8 1.0 0.1 0.2 0.2 0.9 0.2  

12/31/
04 28.4 15.9 14.2 2.2 1.8 1.8 1.9 2.4 1.8  

1/8/05 118.6 51.1 80.4 15.5 13.2 13.0 13.4 14.6 13.2  
1/11/0

5 262.3 89.7 172.7 7.5 0.8 0.8 1.4 5.1 0.9  
2/19/0

5 813.0 238.3 590.4 26.5 17.1 16.6 18.8 26.5 17.0 15.710 
2/21/0

5 54.8 35.6 40.9 23.1 21.9 21.8 22.1 22.8 22.0 21.803 
5/8/05 38.8 25.5 24.4 12.9 11.4 11.2 11.4 12.7 11.2 11.102 
12/1/0

5 121.5 42.6 78.9 8.5 0.5 0.007 1.5 2.4 1.0 0.004 
12/18/

05 266.5 112.2 154.3 6.0 1.6 0.008 2.6 5.4 1.1 0.006 
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Total storm loads for Site 5. 
 

Date 
Total TSS 

Storm 
Load (kg) 

Volatile 
TSS Storm 
Load (kg) 

Nonvolatile 
TSS Storm 
Load (kg) 

Dissolved 
Organic 
Carbon 

Storm Load 
(kg) 

Ammonium 
Storm Load 

(kg) 

Nitrate 
Storm 

Load (kg)

Total 
Phosphorus 
Storm Load 

(kg) 

Total 
Nitrogen 

(kg) 

Phosphate 
Storm 

Load (kg) 

Ammonia 
Storm 
Load 
(kg) 

           

12/3/0
5 70,523.7 22,198.0 48,325.8 27,014.3 25.8 6,380.1 3,093.3 10,394.8 2,302.3 0.044 

12/18/
05 208,402.7 44,433.1 163,969.6 33,518.1 36.5 8,230.3 3,115.7 12,409.8 2,948.0 0.058 
    
 



 

 - 52 -  

 



 

 - 53 -  

                   

 
 

Stemple Creek Watershed CEAP Special Emphasis Project         Final 
Report (Draft) 

Prepared For: 
USDA-NRCS 
Prepared By: 

MODELING PROJECT TEAM 

 
 

Author 
Dr. Ronald L. Bingner, Agricultural Research Service 

 

 
 

Watershed Physical Processes Research Unit 
National Sedimentation Laboratory 

Oxford, Mississippi 38655 



 

 - 54 -  

 

 



 

 - i -  

TABLE OF CONTENTS 
I. Introduction .................................................................................................. 1 

A. Overview 1 
B. Why Stemple Creek Watershed Was Selected 3 
C. Previous Studies 3 
D. Monitoring and Other Available Information 4 

II. AGNPS Model––Brief Overview .............................................................. 5 
A. How to use the AGNPS Model 7 

1. Inputs............................................................................................................................................................7 
2. Outputs and Products ...................................................................................................................................8 

B. Why AGNPS Was Selected 8 
III. Project Description................................................................................... 9 

A. Work Plan 9 
B. Soils––Digital Soils Maps and Soil Data Bases 9 
C. DEM Generation 10 
D. Land Use/Land Cover Remote watershed Sensing and Digital Map Development 12 
E. Attribute Data Bases––RUSLE 13 
F. Climate Data Considerations 15 
G. Full Watershed Model Runs 16 
H. Riparian Buffer (REMM Module) Needs 16 

IV. Results of Full Watershed Model Runs ................................................ 17 
A. Simulation Outputs 17 
B. Results from Rangeland and Pasture Management Alternatives 20 

V. Implications of the stemple creek watershed Results ........................ 22 
VI. Project Conclusions............................................................................... 23 
VII. References........................................................................................... 23 

 



 

 - ii -  

LIST OF FIGURES 
Figure I-1:  Location of Stemple Creek watershed. .......................................................................................................2 
Figure I-2:  Landscape along Stemple Creek.................................................................................................................3 
Figure II-1:  AGNPS system diagram............................................................................................................................6 
Figure III-1:  Original soil layers in the Stemple Creek watershed. ............................................................................10 
Figure III-2:  Dominant soil layers assigned to the AnnAGNPS cells in the Stemple Creek watershed. ....................10 
Figure III-3:  Digitized (red) and generated (blue) stream network.............................................................................11 
Figure III-4:  Digitized (black) and generated (red) watershed boundary. ..................................................................12 
Figure III-5:  RUSLE LS-Factor determined from TOPAGNPS and utilization of the DEM.....................................12 
Figure III-6:  Land use/land cover map. ......................................................................................................................13 
Figure III-7:  Assigned Land use/land to AnnAGNPS cells. .......................................................................................13 
Figure III-8:  Agricultural Field containing a riparian buffer. .....................................................................................14 
Figure III-9:  Climatic Zones of 30 inches (brown) and 32.5 inches (yellow) within Stemple Creek watershed........15 
Figure III-10:  Riparian buffer and grass filter strip system ........................................................................................17 
Figure IV-1:  Map showing spatial distribution of runoff for the existing condition simulation in inches per year....18 
Figure IV-2:  Map showing spatial distribution of erosion for the existing condition simulation in tons per acre per 
year. .............................................................................................................................................................................18 
Figure IV-3:  M ap showing spatial distribution of se diment yield for t he existing condition simulation in tons per 
acre per year. ...............................................................................................................................................................19 
Figure IV-4:  M ap showing spatial distribution of sediment load for the existing condition simulation in tons per 
acre per year. ...............................................................................................................................................................19 
Figure IV-5:  Map showing spatial distribution of nitrogen load for the existing condition simulation in lbs per acre 
per year. .......................................................................................................................................................................20 
Figure IV-6:  Map  showing spatial distribution of ph osphorus load for the existing condition simulation in lbs per 
acre per year. ...............................................................................................................................................................20 
Figure I V-7:  M ap sho wing ave rage a nnual monthly p recipitation an d r unoff f or t he exi sting, g ood an d p oor 
management conditions. ..............................................................................................................................................21 
Figure IV-8:  Map showing average annual monthly sediment loadings at the outlet for the existing, good and poor 
management conditions. ..............................................................................................................................................21 
Figure IV-9:  Map showing average annual monthly nitrogen loadings at th e outlet for the existing, good and poor 
management conditions. ..............................................................................................................................................22 
Figure IV-10:  Map  showing average annual monthly phosphorus loadings at th e outlet for the existing, good and 
poor management conditions. ......................................................................................................................................22 



 

 - iii -  

LIST OF TABLES 
Table I-1:  Data for model development........................................................................................................................5 
Table IV-1:  Summary of existing condition simulation output ..................................................................................17 
 



 

 - iv -  

GLOSSARY OF ACRONYMS 
Acronym Description 

AGNPS Agricultural Non-Point Source Pollution Model, a suite of computer 
models used for watershed-scale best management practice analyses. 

AnnAGNPS Annualized Agricultural Non-Point Source Pollution Model, a computer 
program used to determine pollutant yields and loadings anywhere in the 
watershed. 

ArcView Proprie tary, commercially available GIS software. 
ARS Agricultural Research Service 
BMPs Best Management Practices 
CCHE1D National Center for Computational Hydroscience Engineering 1-

Dimensional Model 
CEAP Conservation Effects Assessment Program 
CONCEPTS Conservational Channel Evaluation and Pollutant Transport System Model 
CRP Conservation Reserve Program 
CSV Files Standardized comma separated variable files 
DEM Digital Elevation Model 
DLG Digital Line Graph 
EQIP Environmental Quality Incentive Program 
GEM Generation of Weather Elements for Multiple Applications Computer 

Model 
GIS Geographic Information System 
LULC Land Use/Land Cover 
NASIS National Soil Information System 
NRCS Natural Resources Conservation Service 
PC Personal Computer 
POW Plan of Work 
RAM Computer random access memory 
REMM Riparian Ecosystem Management Model 
RUSLE Revised Universal Soil Loss Equation 
SIDO Sedim ent Intrusion and Dissolved Oxygen Model 
SNTEMP Stream Network Water Temperature Model 
SSURGO Soil Survey Geographic Database 
TMDLs Total Maximum Daily Loads 
TOPAGNPS A computer model which is a subset of TOPAZ written for AGNPS. 
TOPAZ Topographic Parameterization Computer Model 
USDA U. S. Department of Agriculture 
USGS U. S. Geologic Survey 
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Executive Summary 

The Stemple Creek Watershed agricultural non-point source modeling project was a CEAP 
Special Emphasis project effort to use a USDA technology-based modeling approach for 
assessing and reducing pollution from agricultural runoff and other non-point sources.  This 
project applied the U.S. Department of Agriculture (USDA), Agricultural Research Service’s 
AGricultural Non-Point Source (AGNPS) suite of models to the Stemple Creek Watershed, a 
major watershed to Bodega Bay along the California coast.  This modeling project was 
conducted by an interagency team consisting of a partnership between the USDA, Agricultural 
Research Service (ARS) and the USDA, Natural Resources Conservation Service (NRCS). This 
work was performed under the larger scheme of CEAP Special Emphasis watersheds located 
throughout the U.S. for the purpose of assisting State and local watershed managers with their 
evaluation, assessment, prioritization and implementation of alternatives for soil conservation, 
sediment trapping and non-point source pollution prevention throughout the U.S. 
The project team, working in a cooperative effort, applied the models to determine sediment and 
nutrient sources, contributing locations, and the effect of application of alternative management 
practices on rates of sediment and nutrient delivery to the mouth of the watershed.  The results 
will be used to guide conservation incentive and land treatment programs.  The team relied 
heavily on Geographic Information System (GIS)-based applications to expedite the application 
of the model. 
The results of the analysis demonstrated that the application of various rangeland and pasture 
management practices by themselves would not have much of an effect on reducing the loadings 
of leaving the mouth of Stemple Creek Watershed unless reductions are implemented to the 
application of manure throughout the watershed.  Reduction of  manure applications throughout 
the watershed can result in a 85% reduction of sediment and nutrients that arrive at the mouth of 
the watershed. 
A significant source of sediment and nutrients occurs in the steep terrains near the downstream 
portion of the watershed.  Reductions in manure applications and soil disturbance activities 
would result in significant reductions in loadings that arrive at the watershed outlet. 
The application of riparian vegetation and sediment traps would reduce the delivery of all types 
of landscape erosion and nutrients without as much disruption to the existing management 
throughout the watershed. 
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STEMPLE CREEK PROJECT REPORT 

INTRODUCTION 

Overview 

The Stemple Creek watershed is a sub-watershed of the Bodega Bay watershed, HUC-18010111, 
in Marin and Sonoma Counties, California (Figure I-1).  It lies approximately 40 miles northwest 
of San Francisco.  Nearby cities include Petaluma, Cotati, and Rohnert Park, all within 5 miles of 
the eastern end of the watershed, and Santa Rosa, about 10 miles north.  The watershed’s area is 
about 32,980 acres, or 51.5 square miles.  Its east-west length is about 14 miles and its north-
south dimension ranges from 3 to 6 miles.  State Highway 1 crosses the watershed about 4 miles 
east of its outlet. 

Stemple Creek flows westward through the watershed to its estuary, the Estero de San Antonio.  
The Estero empties into Bodega Bay, a broad indentation in the Pacific Coast.  The Estero is an 
important coastal resource and is included in the Gulf of the Farallones National Marine 
Sanctuary.  The watershed is characterized by rolling coastal hills, most with slopes of 30 
percent or less (Figure I-2).  Slopes are generally steeper in the western part of the watershed.  
The hills flanking the creek’s valley on the north and south are higher than those across its 
eastern end.  Elevations range from sea level at the mouth of the Estero, to about 300 feet at the 
eastern end of the watershed, 700 feet along the northern boundary, and 850 feet along the 
southern boundary. 

NRCS approved 30 EQIP contracts on land within the watershed during the five-year period 
from 1997 to 2003.  The total NRCS cost was $603,514.  During approximately the same time 
period, the Marin and Sonoma County Resource Conservation Districts expended almost $1 
million on education outreach and implementation of riparian buffers and water quality BMPs.  
The recommended plan proposed in Section 6 of the PL 83-566 report includes an estimated 
$4,890,000 in financial assistance. 

The creek has been plagued with water quality issues for many years, particularly high levels of 
ammonia, low dissolved oxygen, and sediment.  The 2002 California 303 (d) listing of impaired 
water bodies mentions nutrients and sediment as the pollutants of concern.  Some of the causes 
listed as potential sources for these concerns include: agriculture, grazing, irrigated crop 
production, intensive animal feeding operations, agricultural storm runoff, among others.  Local 
dairy operators are willing to help resolve the problems but would like to know that they are 
investing in the most cost-effective and efficient practices.  The lack of acreage for disposal 
along with steep slopes can make nutrient management difficult at times.   

A sediment TMDL focused primarily on sediment detracts from the existing poor water quality 
and stream habitat. The TMDL target levels for water quality parameters also include targets for 
un-ionized ammonia, dissolved oxygen, and temperature. Surprisingly, the “Fresh Water Shrimp 
– Syncaris pacifica,” thrives in an area listed as water quality impaired.  Although the causes of 
soil erosion and the methods of control are well known at the farm field scale, less is known 
about the transport of eroded soil and sediment through the stream system at the watershed scale.  
The project team applied the U.S. Department of Agriculture (USDA), Agricultural Research 
Service’s (ARS) AGricultural Non-Point Source pollution model (AGNPS) to measure erosion, 
sediment delivery pathways, sediment delivery yields and loads, and nutrients; and to develop 
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effective conservation treatment strategies and best management practices (BMPs) for the 
watershed.  The application of AGNPS will fill gaps in the current scientific knowledge base.   

 
 
 

 
Figure 0-1:  Location of Stemple Creek watershed. 
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Figure 0-2:  Landscape along Stemple Creek. 
 
 

Why Stemple Creek Watershed Was Selected 

The nationwide CEAP Special Emphasis Watershed project requires that a watershed contain 
mainly dryland agricultural operations for assessment.  A western watershed was desired to 
provide conditions that are unique to west coast climatic, soils, and management issues.  The 
Stemple Creek watershed afforded a unique opportunity for this since most agricultural areas in 
California are under irrigated conditions.  There was significant data concerning this watershed 
already available and in place, including previous modeling work done in the watershed, 
available soils data, and other needed information.  The agency infrastructure was in place to 
provide the technical expertise, data, and staff resources needed to undertake this project. 

Previous Studies 

The North Coast Regional Quality Control Board conducted periodic water quality sampling 
from 1990-1994 for the purpose of assessing conditions and trends.  Data consists of field 
measurements for dissolved oxygen, pH, specific conductance, water temperature, and stream 
flow.  Laboratory analyses were made for NO3, NO2, NH3-N, TKN, OPO4, TPO4, temperature, 
DO2, pH, SC, BOD, and COD.  The site locations for this data will be considered in developing 
the Water Quality Monitoring Plan.  The 1990-1994 Data will be discussed with Data from the 
proposed study. 
A historical sediment flood plain study and coarse grained sediment modeling study has been 
completed.  The titles of the reports are:  Omission of Residuals and Physical Constraints In 
Developing Sediment TMDLS – Case History, Stemple Creek Watershed, CA; Sediment 
Deposition in the Floodplain of Stemple Creek  Watershed, Northern California; and AGNPS 
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Modeling of the Stemple Creek Watershed.  Dr. Jerry Ritchie, ARS, Beltsville, MD, and Dr. 
Joan Florsheim, UC Davis, are exploring a joint study of depositional surfaces in the Stemple 
Creek flood plain. 
 The AGNPS model was used to calculate sediment yield throughout the watershed and to 
determine the likely source of coarse grained sediments infilling the Estero de San Antonio.  The 
results of the AGNPS model runs suggest that past land use practices caused observed filling of 
the Estero de San Antonio.  Sediment deposition on the flood plain is diminishing.  This 
reduction in flood plain deposition may be due to BMPs, changed land use, channel 
entrenchment or all three.  Proposed sediment monitoring should clarify the cause effect 
relationships.  The 1992 SCS Erosion and Sediment Study provides a pre-treatment estimate of 
erosion sources and sedimentation rates.  A Geomorphic and Hydrodynamic Analysis for the 
Estero de San Antonio prepared by Philip Williams and Associates for the Marin RCD, 1993, 
provides an analysis of the historic rates of sedimentation in the lagoon and lagoon 
hydrodynamics. 
 

Monitoring and Other Available Information 

A modeling project of this scope cannot take place in a vacuum.  Many kinds of data are needed 
as input to different layers of the Geographic Information System (GIS) database used to 
populate the model.  These data include land surface topography, stream network, weather and 
climate information, soils data, and land use information.  Many of these kinds of data must be 
spatially defined across the study area, and in sufficient detail to permit the model to accurately 
reflect the real landscape it represents.  Some data, such as soils information, are relatively static 
through time.  Other data are temporally dynamic, changing annually (crops) or even daily 
(weather, soil moisture, and tillage operations). 
This project was fortunate to have access to a database of information from which the needed 
information layers could be drawn or developed.  Table I-1 summarizes these information types 
and their sources. 
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Table 0-1:  Data for model development 

Information 
Type 

Source Scale/Spatial 
Resolution 

Temporal 
Resolution 

Comments 

Surface 
topography 

DEM computed 
from USGS 
DLG 

10 m invariant  

Model cell 
boundaries 

computed from 
DEM 

variable; divides 
watershed into 753 
cells averaging 44 
acres 

invariant  

Drainage 
network 

computed from 
DEM 

 i nvariant  

Drainage 
network 

USGS DRGs  invariant used for comparison with computed 
drainage network 

Soils SSUR GO 
 

1:12,000 resolution invariant integrated for the project by NRCS 

Soil attributes NRCS-NASIS  N/A Enhanced to provide missing data 
items 

Land use NRCS-CA   Image digitized at USDA-ARS-NSL 
Climate 
(historical) 

NOAA Precip itation and 
temperature from 
Petaluma, CA 

Daily, 1949-
1990 

 

Climate 
(synthetic) 

ARS synthetic 
weather 
generator 

Populated missing 
data 

daily  

Potential gross 
erosion 

RUSLE N/A invariant Developed common mgt systems 
date (crop rotations, tillage practices, 
and operation dates) for sheet and rill 
erosion calculations within model 

 

 

AGNPS MODEL––BRIEF OVERVIEW 

AGNPS is a joint ARS and NRCS suite of computer models developed to predict nonpoint 
source pollutant loadings within agricultural watersheds.  It includes a continuous-simulation, 
surface-runoff computer model called Annualized AGricultural Non-Point Source Pollution 
Model v4.0 (AnnAGNPS).  AnnAGNPS is designed to assist with determining BMPs, the setting 
of Total Maximum Daily Loads (TMDLs), and for risk and cost/benefit analyses.  The set of 
computer programs consist of:  (1) input generation and editing as well as associated databases; 
(2) the "annualized" science and technology pollutant loading model for agricultural-related 
watersheds (AnnAGNPS); (3) output reformatting and analysis;  and (4) the integration of more 
comprehensive routines––National Center for Computational Hydroscience Engineering 1-
Dimensional (CCHE1D) for the stream network processes;  (5) a stream corridor 
CONservational Channel Evaluation and Pollutant Transport System model (CONCEPTS);   
(7) an instream water temperature model, Stream Network Water TEMPerature Model 
(SNTEMP); and (8) several related salmonid models (Sediment Intrusion and Dissolved Oxygen 
(SIDO), Fry Emergence, Salmonid Total Life Stage, and Salmonid Economics).  Not all of the 
models are electronically linked but there are paths of common input/output that, with the use of 
standard text editors, can be linked. 
Figure 0-1 is a system diagram for the suite of AGNPS computer models. 
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The input programs include:  (1) a GIS-assisted computer program (TOpographic 
PArameteriZation (TOPAZ) with an interface to AGNPS) to develop terrain-following cells with 
all the needed hydrologic and hydraulic parameters that can be calculated from readily available 
DEM's; (2) an input editor to initialize, complete, and/or revise the input data; and (3) an 
AGNPS-to-AnnAGNPS converter for the input data sets of the old single-event versions of 
AGNPS (4.03 and 5.00). 
AnnAGNPS includes up-to-date technology–e.g., Revised Universal Soil Loss Equation 
(RUSLE) and pesticides–as well as the daily features necessary for continuous simulation in a 
watershed.  Additional features of AnnAGNPS include: 

1. The capab ility to prod uce outpu t rela ted to soluble and attached nutrients (nitrogen, 
phosphorus, and organic carbon) and any number of pesticides. 

2. Water and sedim ent erosion, yield, and lo ad by particle size cl ass and source are 
calculated and determined to any point in the watershed channel system. 

3. A field pond water and sedim ent loading routine is included for ri ce/crawfish ponds that 
can be rotated with other land uses. 

4. Nutrient concentr ations f rom feedlots and other point sources are m odeled.  Individual 
feedlot potential ratings can also be derived using the model. 

5. The applications of CCHE1D for stream  networks and CONCEPTS for stream  corridors 
include more detailed science for the cha nnel hydraulics, morphol ogy, and transport of 

sediments and contaminants. 
Figure 0-1:  AGNPS system diagram. 
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 How to use the AGNPS Model 

The AGNPS watershed simulation model (Bingner and Theurer, 2001a) has been developed as a 
tool for use in evaluating the pollutant loadings within a watershed and the impact farming and 
other activities have on pollution control.  Various modeling components have been integrated 
within AGNPS to form a suite of modules.  Each module provides information needed by other 
modules to enhance the predictive capabilities.  The modules include:  (1) the pollutant loading 
module within AGNPS that is critical to the Stemple Creek Watershed analyses is AnnAGNPS 
Version 4.0 (Bingner and Theurer, 2001b) which is a watershed-scale, continuous-simulation, 
pollutant-loading computer model designed to quantify and identify the source of pollutant 
loadings anywhere in the watershed for optimization and risk analysis; (2) CONCEPTS 
(Langendoen, 2001), a set of stream network, corridor, and water quality computer models 
designed to predict and quantify the effects of bank erosion and failures, bank mass wasting, bed 
aggradation and degradation, burial and re-entrainment of contaminants, and streamside riparian 
vegetation on channel morphology and pollutant loadings; (3) SNTEMP (Theurer et al, 1984), a 
watershed-scale, stream network, water temperature computer model to predict daily average, 
minimum, and maximum water temperatures; (4) SIDO (Alonso et al, 1996), a set of salmonid 
life-cycle models designed specifically to quantify the impact of pollutant loadings on their 
spawning and rearing habitats as well as include other important life-threatening obstacles; and 
(5) an economic model that determines the net economic value of Pacific Northwest salmonids 
restored to either the commercial or recreational catch (see AGNPS web site). 
AnnAGNPS is an advanced technological watershed evaluation tool, which has been developed 
through a partnering project with the ARS and NRCS to aid in the evaluation of watershed 
response to agricultural management practices.  Through continuous simulation of surface 
runoff, sediment, and chemical non-point source pollutant loading from watersheds, the impact 
of BMPs on TMDLs can be evaluated for risk and cost/benefit analyses. 
AnnAGNPS is a continuous simulation, daily time-step, pollutant-loading model and includes 
significantly more advanced features than the single-event AGNPS 5.0 (Young et al., 1989).  
Daily climate information is needed to account for temporal variation in the weather.  Spatial 
variability within a watershed of soils, land use, and topography, is accounted for by dividing the 
watershed into many homogeneous drainage areas.  These simulated drainage areas are then 
integrated together by simulated rivers and streams, which route the runoff and pollutants from 
each individual homogeneous area to downstream.  From individual fields, runoff can be 
produced from precipitation events that include rainfall, snowmelt, and irrigation.  A daily soil 
water balance is maintained that recognizes tile drains when present, so direct runoff that 
includes both surface and subsurface flow, can be determined when a precipitation event occurs.  
Sheet and rill erosion from each field is predicted based on the RUSLE (Renard et al., 1997). 
The model can be used to examine the effects of implementing various conservation alternatives 
within a watershed such as alternative cropping and tillage systems including the effects of 
fertilizer, pesticide, irrigation application rate as well as point source yields and feedlot 
management (Bosch et al., 1998). 

Inputs 
As part of the input data preparation process there are a number of component modules that 
support the user in developing the needed AnnAGNPS databases.  These include: (1) TOPAZ 
(Garbrecht and Martz, 1995), to generate cell and stream network information from a watershed 
DEM and provide all of the topographic related information for AnnAGNPS.  A subset of 
TOPAZ, TOPAGNPS, is the set of TOPAZ modules used within AGNPS.  The use of the 
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TOPAGNPS generated stream network is also incorporated by CONCEPTS to provide the link 
to where upland sources are entering the channel and then routed downstream; (2) The 
AGricultural watershed FLOWnet generation program (AGFLOW) (Bingner et al., 1997; 
Bingner and Theurer, 2001c) is used to determine the topographic-related input parameters for 
AnnAGNPS and to format the TOPAGNPS output for importation into the form needed by 
AnnAGNPS; (3) The Generation of Weather Elements for Multiple applications (GEM) program 
(Johnson et al., 2000) is used to generate the climate information for AnnAGNPS; (4) The 
program “Complete Climate” takes the information from GEM and formats the data for use by 
AnnAGNPS, along with determining a few additional parameters; (5) A graphical input editor 
that assists the user in developing the AnnAGNPS database (Bingner et al., 1998); (6) A visual 
interface program to view the TOPAGNPS related geographical information system (GIS) data 
(Bingner et al., 1996); (7) A conversion program that transforms a single event AGNPS 5.0 
dataset into what is needed to perform a single event simulation with AnnAGNPS and, (8) An 
ArcView program to facilitate the use of Items 1-7.  There is an output processor that can be 
used to help analyze the results from AnnAGNPS by generating a summary of the results in 
tabular or GIS format.  Additional information on AGNPS can be obtained at the WEB site:  
http://www.ars.usda.gov/Research/docs.htm?docid=5199 

Outputs and Products 
Simulation results can be produced in several formats as needed.  These formats can be used to 
summarize the results from a single event or on an average annual basis.  Results can be targeted 
for reports at the outlet or any other location in the watershed, including the channel reaches or 
AnnAGNPS cells.  Information describing the event as well as average annual runoff, peak 
discharge, erosion, or sediment by particle size and chemical loadings can be produced.  Average 
annual results can also be displayed as part of an ArcView shape file to view the spatial 
distribution of the results by AnnAGNPS cell. 

Why AGNPS Was Selected 

The selection of AGNPS for the project was based on the capability of the watershed approach to 
assess the impact of conservation planning to reduce sediment and nutrient loadings to the outlet 
of Stemple Creek.  The model incorporates the most current methodologies used by NRCS such 
as the Revised Universal Soil Loss Equation (RUSLE) (Renard et al, 1997) and Soil 
Conservation Service (SCS, now NRCS) hydrologic procedures (SCS, 1986).  In addition, 
AnnAGNPS provides the ability to aid in the identification and evaluation of sources of water, 
sediment and nutrient production within the watershed, as well as several other CEAP Special 
Emphasis watersheds.   The main effects of all the critical processes within the watershed are 
included as part of AnnAGNPS, some of which are unique.   
In 1993, NRCS completed a study of thirty-eight available water quality models then available 
(Theurer & Comer, 1992a).  Four were chosen for further analyses—two were field-scale models 
and two were watershed-scale.  All four were developed for agricultural non-point pollution 
applications.  Detailed reviews were made of the two watershed-scale models:  AGNPS 
(precursor to AnnAGNPS) and SWRRWQ (precursor to SWAT),  and reports were prepared 
documenting the reviews (Theurer & Comer, 1992b; Theurer & Comer, 1993).  AGNPS was 
selected for further SCS/NRCS support and development because it contained NRCS-approved 
science for the watershed-scale applications (up to 1,000 sq. mi.).  It was, and still is, the only 
watershed model that starts with USLE/RUSLE erosion in the field and accumulates water, 
sediment, and chemicals as yield and loading.  SWRRBWQ was not selected because it contains 

http://www.ars.usda.gov/Research/docs.htm?docid=5199�
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technology that is not suitable for alternative analyses at the watershed scale.  The most serious 
deficiency with SWRRBWQ (and with SWAT) is that the sediment predictions do not make a 
distinction between sediment originating over the landscape (sheet & rill and ephemeral gully 
erosion - frequently referred to as “wash load”) and sediment originating within the stream 
system (bed & bank material load).  This may result in attributing all of the sediment production 
to the USLE parameters which are only related to sheet & rill erosion.   

 PROJECT DESCRIPTION 

Work Plan 

A planning meeting was held in Petaluma, California on November 30, 2004 with NRCS to tour 
the watershed and complete the plan of work (POW) for the project.  This plan of work 
encompassed the entire effort associated with collecting information concerning the watershed 
and the associated databases needed to evaluate the impact of these and alternative measures 
using AnnAGNPS.   

Soils––Digital Soils Maps and Soil Data Bases 

Soils data development consisted of two main tasks.  First the spatial layer was developed from 
digital data that was available through the NRCS Soil Survey Geographic Database (SSURGO) 
program (Figure III-1).  Both Marin and Sonama counties in the project watershed had SSURGO 
data available for use in this project.  The two counties were spatially merged together. 
Secondly, soil attributes were incorporated and reformatted to fit the requirements of 
AnnAGNPS.  Soil data from the National Soil Information System (NASIS) were downloaded 
for the counties encompassed by the watershed.  Attributes for these selected representative map 
units were then edited for completeness for use with AnnAGNPS.  Some data attributes were not 
populated in NASIS and needed to be developed for use with the model.  These included soil 
structure and sum of bases.  A protocol was developed to populate this data.  Some data 
including albedo, silt, sand, very fine sand, and wilting point were incomplete and needed to be 
populated using calculations and other methods. 
AnnAGNPS uses the soils layer as input to the Arcview interface to determine a dominant soil 
for each cell of the watershed.  A plot of the dominant soils selected for each AnnAGNPS cell is 
included in Figure III-2. 
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Figure 0-1:  Original soil layers in the Stemple Creek watershed. 
 

 
Figure 0-2:  Dominant soil layers assigned to the AnnAGNPS cells in the Stemple Creek watershed. 

 

DEM Generation 

An accurate DEM is critical for successful execution of the AnnAGNPS model.  The 10-meter 
DEM available through the USGS, with some areas erroneously containing holes that need to be 
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filled while other areas produce no slope whatsoever making determination of water flow 
direction impossible in AnnAGNPS. 
To address these problems, the TOPAGNPS was used.  However there were locations where 
water flow did not match the hydrological layer from the USGS 1:24,000 DLG.  In the cases 
where the stream channels generated from the 10-meter DEM did not match the USGS 
hydrological layer stream channels, the USGS stream channels were assumed to be correct, and 
were “burned” into the DEM.  This was done by lowering the DEM in the area of the USGS 
stream thus altering the DEM slope so that water would not erroneously flow into or out of the 
watershed (Figure III -3).  In addition, portions of the DEM were modified along the known 
watershed boundary to provide an accurate reflection from the actual boundary in the generated 
watershed boundary (Figure III-4).  One of the critical components determined through 
TOPAGNPS is the associated RUSLE LS-Factor attributed to each AnnAGNPS cell.  In steeply-
sloped terrain, the LS-factor is one of the most significant parameters to consider in erosion 
estimates.  For Stemple Creek, the LS-Factor are noticeably high along the ridges (Figure III-5), 
but especially high in the Northeast and near the watershed outlet, and low along the Stemple 
Creek floodplain. 
 

 
Figure 0-3:  Digitized (red) and generated (blue) stream network. 
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Figure 0-4:  Digitized (black) and generated (red) watershed boundary. 

 

 
 

Figure 0-5:  RUSLE LS-Factor determined from TOPAGNPS and utilization of the DEM. 
 
 

Land Use/Land Cover Remote watershed Sensing and Digital Map Development 

In the case of land use/land cover (LULC), information was obtained from NRCS and digitized 
(Figure III-6).  Most of the watershed is characterized with the “Other” landuse, which generally 
describes native vegetation.  The land use types were classified by digitizing the boundaries from 
existing maps.  This became the final LULC layer that was automatically sampled by the GIS-
AnnAGNPS interface to determine the dominant LULC for each AnnAGNPS cell Figure III-7).   
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Figure 0-6:  Land use/land cover map. 

 

 
Figure 0-7:  Assigned Land use/land to AnnAGNPS cells. 

 
 
 
 

Attribute Data Bases––RUSLE 

The RUSLE module of AnnAGNPS was used to assess and evaluate sheet and rill erosion in the 
Stemple Creek Watershed.  RUSLE is an erosion prediction model that enables conservation 
planners to predict the long-term average annual rate of inter-rill (sheet) and rill erosion on a 
landscape based on the factor values assigned by the planner.  The factors represent the effect of 
climate, soil, topography, and land use on inter-rill (sheet) and rill erosion.  Erosion rates 
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predicted by RUSLE can be used to guide conservation planning by evaluating the impact of 
present and/or planned land use and management on the scale of individual fields. 
Soil loss computed by RUSLE is the rate of soil erosion from the landscape profile (defined by 
the slope length), not the amount of sediment leaving a field or watershed.  The factors used in 
RUSLE are based on long-term averages. 
To address the various management practices in the Stemple Creek Watershed, management 
databases were developed for use in the RUSLE/AnnAGNPS model from advice from NRCS 
and local producers.  The management files describe the various rotations used in the watershed 
as well as the different events in each management.  For example, the ‘Agland’ landuse 
contained a manure application on July 1, followed by moldboard plow and double disk two 
weeks later, oats were planted near October 1 with a double-disk drill and ring roller, and on 
May 1 of the following year the oats were harvested for silage.  This rotation continued for the 
extent of the simulation.  All pasture and other areas contained a manure application in mid-
October followed by a spring tooth harrow operation and a month later a disking right before 
ryegrass was planted, and the ryegrass was harvested for hay near August 1 of the following 
year. 
RUSLE is an effective tool to assist in the planning of conservation management systems that 
address soil erosion resource concerns and pollutants that may be associated with movement of 
soil.  The impact of riparian buffers to filter pollutants could not be considered by RUSLE, but 
the application of the REMM model would provide insight on the use of this practice (Figure III-
8). 
 

 
Figure 0-8:  Agricultural Field containing a riparian buffer. 
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Climate Data Considerations 

Daily precipitation, maximum and minimum temperature, dew point temperature, sky cover, and 
wind speed data are required by the AnnAGNPS model to perform continuous simulations.  
Climate data used with AnnAGNPS can be historical, synthetically generated, or a combination 
of the two.  Climate data was used using a combination of historical and synthetic data for this 
study due to the desire to compute sediment loads for a significant time periods. 
Historical daily climate was available from Petaluma, California from 1949 to 1990, consisting 
of measured maximum and minimum temperature, and precipitation. The USDA’s Generation of 
weather Elements for Multiple applications (GEM) model (Johnson et al, 2000) was used to 
generate dew point, cloud cover and wind speed as synthetic climate data to complete the needed 
parameters.  This 42 year observed climate record from Petaluma provided the most critical 
parameters sensitive to AnnAGNPS.  The generated parameters provide seasonal effects, but not 
as sensitive to AnnAGNPS. According to the documentation for the GEM model, “daily 
precipitation is described by a first-order Markov chain with precipitation amounts distributed as 
a mixed exponential distribution.  In addition, data on daily maximum and minimum air 
temperatures, dew-point temperature, solar radiation and wind speed are simulated using a 
weekly stationary generating process that was first described by Matalas (1967) and adapted to 
daily weather by Richardson (1981).”  Fourier series are used to describe the seasonal variations 
of parameters.  GEM uses climate statistics derived from data collected at climate observation 
stations to determine selected statistical characteristics required to synthesize the climate data. 
Since the Petaluma, California climate station was not located within the watershed, the weather 
parameters were scaled to match the observed precipitation patterns reported in the watershed.  
The average annual precipitation at Petluma of 27.5 inches per year was scaled to match zones of 
30 and 32.5 inches indicated within the watershed (Figure III-9). 

 
Figure 0-9:  Climatic Zones of 30 inches (brown) and 32.5 inches (yellow) within Stemple Creek watershed. 
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Full Watershed Model Runs 

Using the digital data layers of soils, DEM, and land use described above, a majority of the large 
data input requirements of AnnAGNPS were developed by a customized interface developed in 
ArcView GIS.  Additional steps to further provide the model with the necessary inputs included 
developing the soil layer attributes to supplement the soil spatial layer, the different crop 
operation and management data, ephemeral gully inputs, and climate data. 
After all inputs were developed, a run was made to model the existing conditions of the 
watershed.  This existing condition scenario modeled the existing landuse based on the 42 year 
climatic record.  Following the successful completion of an existing condition run, various 
alternative runs were modeled for their effects on the erosion, sediment delivery, and nutrient 
production in the watershed.  Descriptions and results of these alternative runs are given below.  
Alternatives to the existing landuse included: a good rangeland/pasture condition; a poor 
rangeland/pasture condition; the use of the existing conditions but no manure applications on 
rangeland; and the use of existing conditions, but cropland converted to pasture. 

Riparian Buffer (REMM Module) Needs 

The Riparian Ecosystem Management Model (REMM) (Lowrance et al., 2000; Altier et al., 
2002) has been developed by USDA-ARS to simulate the water quality impacts of riparian 
buffer systems (RBS) and other edge of field buffer systems.  REMM is a tool to assess the 
function of RBS to filter pollutants from a field.   Inamdar et al. (1999a, 1999b) evaluated 
REMM capabilities for hydrologic performance as well as water quality and nutrient cycling at 
Gibbs Farm, near Tifton Georgia.  Uncalibrated REMM hydrology simulation gave close 
agreement between average water table depths, water table pattern, surface runoff volumes, and 
patterns of surface runoff (Inamdar et al., 1999a).  Inamdar et al. (1999b) concluded that REMM 
simulations generally represented these riparian buffer systems functions well. 
The need to assess a riparian buffer system can be an important part of assessing the impact of 
conservation measures within the Stemple Creek Watershed project (Figure III-10).  The current 
version of AnnAGNPS produces information in an output file that can be utilized as an input file 
directly within REMM to assess riparian buffer systems.  This need was identified in the project 
plan and the AnnAGNPS developers proceeded to address the development of riparian buffer 
system capabilities into the model.  Since REMM is a single field scale model, an individual 
output file is produced for each AnnAGNPS cell that utilizes REMM.  Although, there is a need 
to develop a watershed version that captures the main effects of REMM directly within 
AnnAGNPS without the need to produce an external output file.  Bringing the development of 
REMM technology within AnnAGNPS at the watershed scale to completion will require a 
further integration of edge of field buffer processes as they filter sediment and chemicals.  This 
will require more time and resources to completely incorporate REMM technology into the 
watershed system approach used within AnnAGNPS. 
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Figure 0-10:  Riparian buffer and grass filter strip system 

RESULTS OF FULL WATERSHED MODEL RUNS 

Simulation Outputs  

The existing condition was 
simulated by using current 
landuse applied over 42 years 
of climate data.  The existing 
condition simulation resulted 
in average annual erosion over 
the entire watershed of 1.76 
tons per acre per year.  Table 
0-1 summarizes the results for 
this condition.  Of the 58,690 
t/yr of gross erosion in the 
watershed, the model indicates 
that only 19,208 t/yr, or 32.9%, is delivered to the watershed outlet.  This watershed delivery 
ratio is determined by the fact that the vast majority of the eroded sediment is redeposited on a 
field scale and never makes it to a stream, and sediment is also lost to deposition within the 
stream transport system. 
 
The existing condition simulation runoff, erosion, sediment yield, sediment load, nitrogen load, 
and phosphorus load are shown in Figures IV-1 to IV-6, respectively.  The various existing 
condition simulation maps provide an indication of the location of higher and lower producing 
areas.  Each set of erosion, sediment yield and sediment load maps have a uniform legend scale 
to allow for straight forward comparisons. 
Most of the watershed produces low volumes of runoff in the existing condition.  The high 
runoff producing areas are a combination of agricultural areas that generally produced higher 
runoff rates then the other areas and soil types that are susceptible to high runoff.  High erosion 
rates generally exist in the steeper sloped areas of the watershed, with the flatter slopes along the 
creek containing low erosion rates.  The erosion rates correlate strongly with the RUSLE LS-
factor generated by TOPAGNPS.  While the high erosion rates are scattered throughout the 
watershed, the areas where most of the sediment makes it to the outlet occurs in the downstream 

Table 0-1:  Summary of existing condition simulation output 
 

Item Amount Units 
Watershed Average Runoff 8.69 in/yr 
Watershed Average Total Rate of Erosion 1.76 t/ac/yr 
Watershed Total Tons of Erosion 58,690 t/yr 
Watershed Sediment Yield to Streams 1.30 t/ac/yr 
Sediment Loading Rate to Watershed Outlet 0.58 t/ac/yr 
Sediment Loading Amount to Watershed Outlet 19,308 t/yr 
Highest Erosion from Individual Cell 6.18 t/ac/yr 
Nitrogen Loading Amount to Watershed Outlet 20.26 lb/ac/yr
Phosphorus Loading Amount to Watershed Outlet 3.64 lb/ac/yr
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portion of the watershed.  Sediment is deposited from the eroded areas in the creek as it is 
transported throughout the system. 
 
The nitrogen and phosphorus loads follow the trends of sediment variability throughout the 
watershed since much of these nutrients are transported as attached to sediments, especially for 
phosphorus.  This brings about a need to focus effective management practices in the 
downstream steeply sloped areas near the outlet.  Manure applications and feedlot operations in 
those areas should be minimized as much as possible. 
 
 
 

 

 

 
Figure 0-1:  Map showing spatial distribution of runoff for the existing condition simulation in inches per 

year. 
 

 

 

 

 
Figure 0-2:  Map showing spatial distribution of erosion for the existing condition simulation in tons per acre 

per year. 
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Figure 0-3:  Map showing spatial distribution of sediment yield for the existing condition simulation in tons 

per acre per year. 
 
 

 
 

Figure 0-4:  Map showing spatial distribution of sediment load for the existing condition simulation in tons 
per acre per year. 
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Figure 0-5:  Map showing spatial distribution of nitrogen load for the existing condition simulation in lbs per 

acre per year. 
 

 

 
Figure 0-6:  Map showing spatial distribution of phosphorus load for the existing condition simulation in lbs 

per acre per year. 
 

Results from Rangeland and Pasture Management Alternatives  

Various rangeland and pasture management alternatives were evaluated, ranging from poor to 
good, including limiting manure applications on the landscape, except for agricultural areas for 
fertilizer requirements.  These alternatives were used to compare with the baseline existing 
condition for runoff, sediment, nitrogen and phosphorus loadings as shown in Figures IV-7 to 
IV-10.  Generally, runoff from the landscape varied throughout the year according to 
precipitation, with lower runoff produced from good conditions to higher runoff from poor 
conditions.  Although the differences of the pollutant loadings from these various scenarios were 
minor, except when manure applications were limited.  The tillage used right after manure 
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application significantly impacts the amount of sediment eroded within the watershed by 
reducing sediment by 85% from the existing condition.  While the reduction in nutrients is 
expected with reduced manure applications, this reduction is also 85% from the existing 
condition.  While high runoff occurs in January through April and November and December, the 
highest sediment and nutrient producing months are January, November, and December.  This 
reflects higher intensity precipitation events during the late fall and early winter months. 
 
The influence of the management alternatives will be more evident in the riparian buffers and 
channels where producing less runoff will produce less erosion in the channels and allow the 
riparian areas to better filter out the sediment and nutrients before entering the channels. 
 
The influence of gully erosion was not considered in the simulations, but gullies appear 
throughout the watershed.  Unfortunately, there has not yet been developed a reliable gully 
erosion model that can be used in watershed models to assess the effects of management 
practices on sediment production. 
 

 
 

 
Figure 0-7:  Map showing average annual monthly 

precipitation and runoff for the existing, good and poor 
management conditions. 

 

 
Figure 0-8:  Map showing average annual monthly 

sediment loadings at the outlet for the existing, 
good and poor management conditions. 
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Figure 0-9:  Map showing average annual monthly 
nitrogen loadings at the outlet for the existing, good and 

poor management conditions. 

 
Figure 0-10:  Map showing average annual 

monthly phosphorus loadings at the outlet for the 
existing, good and poor management conditions. 

 

IMPLICATIONS OF THE STEMPLE CREEK WATERSHED RESULTS 

The model results show that application of alternative management practices could result in a 
significant reduction in quantities of sediment delivered from the Stemple Creek Watershed.  
Specific results of the model and impacts on designing a land treatment program for the 
watershed include: 

1. The m odel identified an average annual lo ad of 0.58 t/ac/yr from  the m outh of the 
Stemple Creek W atershed due to sheet and rill .  This equates to 19,308 tons per year.  
The m odel also identified average annual gr oss erosion in the watershed to be 58,690 
tons.   
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2. The model documented the effects of various range land and pasture managem ent scenarios, with 
minimal effect on sheet and rill  erosion and nutrients on the landscape, except a reduction of 85% 
sediment and nutrients when no m anure is applied.  T he com bination of reduced m anure 
applications and the re sulting removal of  the  s ubsequent tillage operati on in th is applica tion 
produced th is ef fect on nutrien ts.  The ef fect of  riparian  buf fers as f ilters is expected to 
significantly impact the loadings, resulting in buffers being the practice that will minimally disrupt 
existing management within the watershed. 

3. The model can identify areas with in the waters hed with the highest eros ion and nutrient loading 
rates, which could be targeted for land trea tment to achie ve the h ighest benef its.  Signif icant 
sources of sedim ent and nutrients  that a re tr ansported to  the outlet of  the  wate rshed or iginate 
mainly in the downstrea m portions of  the watershe d in the steeper slop ed terrain.  These areas  
could be targeted for reductions in manure applications and soil disturbance. 

4. The highest levels of sedim ent and nutrien ts occur in the months of  Novem ber, Decem ber and 
January.  Practices that minimize soil disturbance or manure applications during those months will 
decrease the loadings to the mouth of Stemple Creek. 

 

PROJECT CONCLUSIONS 

The Stemple Creek Watershed was modeled with AnnAGNPS to quantify erosion, sediment transport, 
sediment load, and nutrients at the mouth of the watershed.  The model predicted an average annual load 
to be 19,308 total tons or 0.58 tons/ac/yr unit loading based on existing land use conditions and a 42 year 
climate simulation.  Most of the sediment and nutrients are produced in the months of November through 
January. 
The project successfully developed GIS techniques to match the watershed boundaries and stream 
network to actual conditions allowing better identification of where the sources are. 

Significant erosion occurs in the steep terrain of the downstream portion of the watershed that is the 
source for much of the sediment and nutrients at the outlet. 

There was a minimal impact from various rangeland and pasture managements on sediment or nutrients.  
Reducing the manure applications within the watershed and the subsequent soil disturbance reduced 
sediment and nutrient loadings by 85%. 

The project identified further work that could improve the model, including adding an integrated riparian 
buffer component. 
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OBJECTIVES OF STEMPLE CREEK REMM MODELING 
 
 Riparian buffers are one of the management practices of interest to both landowners and USDA-

NRCS in the Stemple Creek Watershed.   The Riparian Ecosystem Management Model (REMM) and the 

Annualized Agricultural Nonpoint Source Pollution Model (AnnAGNPS) were used to investigate the 

expected impacts of riparian buffers throughout the watershed.  The objective of this research was to 

examine the effectiveness various buffer scenarios on reducing nutrient and sediment loading to streams. 

The research described in this report focused on analysis of the riparian buffers based upon representative 

sites visited during field investigations. AnnAGNPS simulations from a companion study were used for 

portions of the entire watershed.  Until a complete integration of REMM and AnnAGNPS is available, 

modeling of riparian function using REMM involves using daily output from AnnAGNPS cells for daily 

input to REMM.  REMM was used to estimate daily stream flow and nutrients and sediment in stream 

flow.  In addition REMM was used to calculate the nutrient and sediment trapping efficiencies by riparian 

buffers.     

 
 
OVERVIEW OF REMM  
 

USDA and cooperating universities have developed the Riparian Ecosystem Management Model 

(REMM) to simulate the effects of multiple zone riparian buffers on water, sediment, and nutrient 
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movement from source areas to streams (Altier et al., In Press, Lowrance et al., 2000).   The riparian 

system is characterized in the model as consisting of three zones parallel to the stream corresponding to 

the three zone system used as a management recommendation.  Although designed to simulate this three-

zone system, REMM can simulate riparian conditions where one or more of the zones are absent or 

managed differently from the specifications.   

REMM is a daily time-step model.  Inputs to REMM are the water, sediment, nitrogen, and 

phosphorus loadings in surface runoff and subsurface flow from a source area, typically a field.  Outputs 

from REMM are the water, sediment, nitrogen, and phosphorus in surface runoff, subsurface flow, and 

seepage to a stream or adjacent aquatic ecosystem.  Surface runoff as defined in REMM is generated by 

rainfall exceeding available soil water storage capacity in a zone.  Subsurface flow is shallow 

groundwater movement within the root zone of the buffer.  Seepage is flow along the soil surface below 

the leaf litter that is generated when subsurface flow exceeds available water storage capacity in a 

downslope zone.  Outputs are reported as sediment size classes and nutrient species in water moving as 

direct surface runoff, and nutrient species moving in subsurface flow and seepage.  Direct surface runoff 

only occurs on rain days and interacts with the litter and a soil-mixing layer in the litter.  Seepage is water 

exfiltrating from the soil and can occur whenever there is more subsurface flow into a zone than can be 

stored in the zone.  Seepage does not interact with the litter but can infiltrate in downslope zones. The 

emphasis in REMM on process simulation and the explicit representation of a multiple zone buffer system 

with details of water, sediment, sediment borne nutrient, and soluble nutrient movement provides insights 

into the functions of riparian buffers not possible with models that depend on empirical mass balances.  

 Vegetative processes in REMM are simulated using algorithms derived from existing mechanistic 

models of tree growth and crop growth.   Vegetation can be herbaceous annuals, herbaceous perennials, or 

a variety of woody plant types. In REMM, vegetation influences soil nutrients primarily via litterfall and 

plant uptake. Litter from aboveground vegetative parts such as leaves, branches, and stems is added to the 

surface litter layer. Decomposition of this litter releases N and P, part of which is incorporated into the 
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soil profile. Litter from belowground vegetative parts such as fine and coarse roots is directly added to the 

soil residue pools where it is then subjected to decomposition.  Nutrient uptake by vegetation is 

determined by the lesser of either the demand by the plant or the availability of nutrients in the soils. 

Nutrient demand by vegetation is a dynamic function of the need to maintain nutrients in various plant 

parts within predefined ranges of minimum and maximum C:N and C:P ratios. These minimum and 

maximum vegetative C:N and C:P ratios vary with vegetation type and are provided as an input to the 

model. In the soil, nitrate-N, ammonium-N, and labile-P pools are assumed to be available for plant 

uptake when soil moisture is above wilting point. Plant nutrient demand is first fulfilled by nutrients 

available in the uppermost soil layer, with unfulfilled demand being transferred progressively to lower 

layers. Nutrients can only be taken up from soil layers in which roots are growing. 

 Soil carbon dynamics of REMM are largely based on the Century Model.  Soil carbon is 

characterized by three humus and two plant residue pools. The three humus pools are: (1) an active pool 

consisting of biomass and metabolites of biomass with a rapid decay rate; (2) a slow pool consisting of 

organic matter that has been partially stabilized either chemically or physically by adsorption or 

entrapment within soil aggregates; and (3) a passive pool of chemically stabilized organic matter having a 

very slow decay rate. In addition to different decay rates, these pools are distinguished by different carbon 

to nitrogen (C:N) and carbon to phosphorus (C:P) ratios. Decomposition of these humus pools is 

calculated using a first-order rate equation modified by temperature and moisture. 

 Plant residue pools are divided into a recalcitrant structural and quickly decomposable metabolic 

residue pool. Similar to humus pools, each of these pools has different decay rates and C:N and C:P 

ratios. Plant litter is added to these pools on a daily basis. The partitioning of the fresh litter into structural 

or metabolic pools is determined by the lignin-to-nitrogen ratio of the litter.  Decomposition of the residue 

pools is simulated with a first order rate equation identical to equation 1, except that, in addition to factors 

for moisture and temperature, residue decomposition is controlled by an additional factor that quantifies 

the availability of inorganic N and P. In addition, decomposition of structural pool is also controlled by its 
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lignin content. As decomposition of the litter takes place a portion of the C is lost in CO2 to the 

atmosphere, and the remaining C is re-synthesized into humus. Carbon movement is simulated in 

particulate form with sediment, and in dissolved form with surface runoff, subsurface flow, and drainage. 

All of the particulate C moving with sediment is derived from the active humus pool. Dissolution of C 

into runoff and drainage is assumed to occur from the metabolic residue and active humus pools. 

 Organic nitrogen pools are complementary to the C pools with the size of the nitrogen pools being 

determined by the size of the C pools and their respective C:N ratios. The inorganic fraction of soil N is 

characterized by ammonium and nitrate pools. Stoichiometric relationships are assumed among C and N, 

with N being mineralized and 

immobilized in proportion to transformations of C and C:N ratios. Mineralized N is added to the 

ammonium pool.  Ammonium and nitrate forms are both available for 

immobilization into soil organic matter. Immobilization of nitrate occurs only after all available 

ammonium has been used. 

 Similar to nitrogen, organic phosphorus pools complement the C pools and are determined by the 

size of the C pools and their respective C:P ratios. Simulation of 

inorganic P follows the approach used in the EPIC model.   Besides a labile inorganic P form, there are 

two pools (active and stable) representing increasing levels of 

chemical stabilization that are unavailable to plant uptake or microbial transformation. Much like N, 

release of P is determined by decomposition of C and the respective C:P 

ratio of the decomposing pool. Immobilization of P is controlled by variable humus C:P ratios. This 

approach follows the Century model.  Plant uptake of P is assumed to occur from the inorganic-labile P 

pool. Movement of P can occur with sediment, surface and 

subsurface runoff, and vertical drainage. Organic-active and inorganic-labile forms of P are assumed to be 

associated with sediment. Dissolved forms of inorganic labile 
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P and active-organic P move with water. Partitioning of P into dissolved and adsorbed fractions is 

computed using the Langmuir isotherm. 

 More information on REMM testing and application is available (Inamdar et al. 1999a, Inamdar et 

al. 1999b, Lowrance et al. 2000, Lowrance et al. 2001, Graff et al. 2005).  Because an integration of 

REMM and AnnAGNPS was beyond the scope of the agreed upon work  simulations provided here use 

daily output from AnnAGNPS as daily input into REMM. 

 
FIELD RECONNAISSANCE OF RIPARIAN SITES 
 
 Three ARS Scientists (David Bosch, Richard Lowrance, and Randy Williams) conducted field 

reconnaissance of six field sites in the Stemple Creek Watershed, August 24-27, 2005. We made field 

measurements of the width and slope of riparian zones and sampled vegetation in riparian zones where 

they existed.  The six sites included three with herbaceous vegetation, two with native woody vegetation, 

and one with a planted woody riparian buffer.  Photos of the sites are in the Appendix.  Limited 

vegetation surveys were conducted in the wooded riparian zones.  Data from these vegetation surveys are 

shown in Appendix Table 1.   Leaf samples (for trees) and stem plus leaf samples (herbaceous material) 

were taken and after drying were analyzed for N and P content at the University of Georgia Soil and Plant 

Analysis Laboratory.  Results of tissue analysis are shown in Appendix Table 2.  Simultaneously, Ken 

Oster, Soil Scientist, USDA-NRCS took augered soil samples at each of the sites.  The soil samples were 

analyzed at the USDA-NRCS soil science laboratory in Lincoln, NE.    

   
USE OF ANNAGNPS SIMULATION DATA  
 
 AnnAGNPS was used to simulate runoff for Stemple Creek at the watershed and subwatershed 

scale. Essentially, buffers were created for several AnnAGNPS cells in order to evaluate their 

effectiveness in reducing nutrients and sediments.  Model simulations were performed by USDA at 

Oxford, MS (Bingner, 2007).  Outputs from several individual AnnAGNPS cells (subwatersheds) were 

used as input for REMM. The cells that were chosen as input into REMM had simulated AnnAGNPS 
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output from areas with similar soils and similar agricultural practices to the ones visited during field 

reconnaissance.  The land use type and acreage of the AnnAGNPS cells used can be found in Table 1. 

 
Table 1: Properties of AnnAGNPS cells used for  
input into REMM. 
 

AnnAGNPS Cell 
Number  Acres  Landuse 

992  31.10  DAIRY 

993  108.54  CROP LAND 

1252  5.48  DAIRY 

1292  87.09  LIVESTOCK 

1323  29.70  DAIRY 

1383  25.58  DAIRY 

 
 
Basic inputs into REMM from AnnAGNPS include water, N, P, and sediment in their various forms on a 

daily time-step.  AnnAGNPS outputs were provided by USDA at Oxford.  

 
REMM SIMULATIONS  
Scenarios 
 
 Several buffer scenarios were created with REMM to simulate those likely to be found in the 

Stemple Creek Watershed.  Each buffer combination was a unique combination of land slope and 

vegetation. All of the following buffer scenarios were run for each AnnAGNPS cell: 

 Flat herbaceous. 

 Steep herbaceous. 

 Flat woody. 

 Steep woody. 

Flat and steep scenarios used a 2% and 32% slope respectively. These slopes represent those found during 

field reconnaissance at specific sites.  Perennial grasses were used to simulate the herbaceous buffers and 

trees with a Deciduous Fall Upper Canopy (leaves die and fall off in the fall) were used to simulate the 

woody vegetation. 
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 A 10:1 field to buffer ratio was used to calculate the length and width of each buffer as they were 

applied to each AnnANGPS cell.  The dimensions of the AnnAGNPS cells were considered square and 

the length of one side was used as the length of the buffer parallel to the stream.  The total width of the 

buffer (perpendicular to the stream) was 1/10th the length.  Because REMM simulates a 3 zone buffer 

system, this width was divided by three so that each zone was the same width and length. Table 2 

identifies the zone length and width associated with each AnnAGNPS cell.  In every simulation, all three 

zones are the same within each of the four buffer types. 

 

 
Table 2: Length and width of  
buffers used with each AnnAGNPS  
cell output. 
 

Cell  Length (m) 
Width 
(m) 

992  354  11.8 

993  730  24.36 

1252  147  4.9 

1292  593  19.78 

1323  347  11.5 

1383  320  10.69 

 
 
REMM Inputs 
 
Field Inputs 

 Field inputs into REMM, as described previously, come from the AnnAGNPS cell output for 

Stemple Creek and represents surface and subsurface agricultural runoff from a field.  Inputs include 

water, nutrient (N and P), in surface and subsurface flow on a daily basis as well as C:N and C:P ratios in 

surface and subsurface runoff.   Because AnnAGNPS does not have these ratios, they were input as the 

default values in REMM.  Because of assumptions made with AnnAGNPS, almost all of the output from 

the field cells was as surface runoff with only around 1-2% of the input as subsurface flow.      
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Climate 

 Climate data used for REMM simulations was the same used for the AnnAGNPS simulations 

(Bingner, 2007).   

Vegetation 

 There are numerous ways to parameterize REMM vegetation data, however only a few key 

parameters were chosen to reflect what is known about actual vegetation at the site. Data on nutrient pools 

from the tissue analysis were calculated to be within the range of default nutrient pools for the different 

plant types in REMM and therefore nutrient pools were not adjusted.  Parameters such as rooting depth, 

plant height, and Specific Leaf Area (SLA) were adjusted and the values used in model runs can be found 

in Table 3 for both herbaceous and woody plant scenarios. 

 
Table 3: Basic plant parameters used for 
herbaceous and woody buffer scenarios. 
 
  Herbaceous Woody
Rooting depth (cm) 100 200 

Plant height (m) 0.10 21.00 
Specific Leaf Area 0.0020 0.0054 

 
 
 
Soils 
 Several sources of information on the physical and chemical properties of the soils typical for 

buffers in the Stemple Creek Watershed were used.  During the field reconnaissance, several soil samples 

were taken at depth and sent off for chemical and physical analysis including: passive, active, and stable 

carbon and nitrogen pools; labile and stable phosphorus; and clay, silt, and sand fractions.  Since several 

samples were taken, the values for each parameter were averaged (Table 4) for each layer.  The values for 

C-POM and N-POM were divided into active and passive pools using the same ratio found in the REMM 

default data values.  Slowly available C and N was considered to be the value for C-Min and N-Min  The 

Sonoma County soil survey was used to determine typical soil layer depths for shallow and steep slopes 

using the Blucher and Clough Series respectively. Typical field capacities, wilting points, Manning’s 
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roughness values and soil surface conditions given the known soil types were taken from tables in the 

REMM Users Manual.  All other values were taken as the default values in REMM. 

 

 
 
Table 4: Soil parameters calculated from field reconnaissance data. 

    
C-

POM C-Min 
N-

POM N-Min pH Clay Silt Sand 
Labile 

P 
Stable 

P 

    kg/ha kg/ha kg/ha kg/ha   kg/ha kg/ha kg/ha mg/kg mg/kg 

Shallow             

Layer 1 Average 10346 8021 1434 2054 6 11 26 62 124 314 

  Active 517  86         

  Passive 9829  1333         

Layer 2 Average 2131 7053 310 1240 6.72 10 28 62 22 42 

  Active 107  19         

  Passive 2025  288         

Layer 3 Average 969 6316 233 853 6.7 14 27 59 17 7 

  Active 48  14         

  Passive 901  216         

Steep             

Layer 1 Average 18600 26040 1085 2868 5.75 17 38 44 37 42 

  Active 930  65         

  Passive 17670  1009         

Layer 2 Average 9455 21623 853 2403 6.45 21 36 42 5 4 

  Active 473  51         

  Passive 8982  793         

Layer 3 Average 1395 8215 78 930 6.85 23 38 39 4 4 

  Active 70  5         

  Passive 1325   72               

 
 
 
 
Results and Discussion  
 
 Tables 5, 6, and 7 show the results of REMM simulations for sediment, total N, and total P, 

respectively, for each AnnAGNPS cell input.  The land use for each cell is also noted along with the total 

N, P, and sediment (in kg/ha) that was output from AnnAGNPS and used as input for REMM.  Retention 

rates were calculated the following way: 

   %Retention = ((Input – Output)/Input)*100 
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It can be seen from the input data, that the largest amount of N, P, and sediment on a per area basis did not 

necessarily reflect the landuse type.  For instance, both the largest and smallest amount of N, P and 

sediment comes from dairy landuse type.  One cell is listed as a row crop, and its N, P, and sediment 

values are smaller than most of the dairy and the livestock landuse type. Without knowing the types of 

inputs that went into simulating the AnnAGNPS runoff, it is difficult to account for the differences in 

runoff.    

 

Sediment 

 Retention rates for sediment are fairly consistent across all scenarios, ranging from 12% to 50% 

for flat scenarios, and 7% to 43% for steep scenarios (Table 5).   

Table 5: Total sediment input from AnnAGNPS (kg/ha/yr), REMM total sediment out (kg/ha/yr), 
and calculated retention rates of four different buffer scenarios from six AnnAGNPS cells. 

 
Without exception, flat buffer types retain more sediment than the steep buffers, but in general this 

difference is less than 5%. There are even less differences between the sediment retention rates of 

herbaceous and woody types of buffers; however a difference would not be expected given that 

parameters affecting the amount of erosion are not tied to vegetation type.  The greatest amount of 

sediment retention can be found for cells 1323 and 1292 for all scenarios.  Cell 1292 is the second largest 

  Upland 
Land 
Use 

Cell 
No.    

Herbaceous 
 Flat 

Woody 
 Flat 

Herbaceous 
 Steep 

Woody 
 Steep 

      Input  Output  % 
 Retention 

Output  % 
 Retention 

Output  % 
 Retention 

Output  % 
 Retention 

Dairy  992  634  551  13.07  554  12.67  585  7.76  589  7.05 

Row 
Crop 

993  1044  864  17.24  867  16.88  927  11.17  932  10.72 

Dairy  1252  1178  1005  14.71  1008  14.46  1068  9.31  1073  8.91 

Live‐
stock 

1292  1025  531  48.22  534  47.96  593  42.14  599  41.56 

Dairy  1323  4770  2402  49.64  2408  49.53  2730  42.76  2740  42.55 

Dairy  1383  6138  5348  12.87  5355  12.75  5595  8.85  5601  8.70 
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cell (87.09 acres) and therefore has a larger buffer which could account for the larger retention rate. Cell 

1323, however, is only 30 acres, but has 4 times the sediment input of cell 1292.  

 The fractionation of sediment does seem to have an impact on retention rate in the buffer. For 

example, Cell 992 has the least amount of sediment input at 634 kg/acre in the form of 51%-clay, 44%-

silt and 5%-sand.  The total sediment input for Cell 1323 is 4770 kg/acre and consists of 5%-clay, 30%-

silt and 45%-sand. The higher % sand and silt into the buffer is reflected nicely with % retentions going 

from the 8 to 13 range for Cell 992, to the 40-50% range for Cell 1323.   

 

Nitrogen 

 Table 6 shows that in general, for both herbaceous and woody scenarios, that the flatter buffers 

retain more nitrogen than their steep counterparts. Retention rates of N are on average 25% - 30% higher 

for flat scenarios than steeper ones. Specifically, herbaceous and woody flat buffers retained between 12% 

and 77% of N while retention rates for corresponding steep buffers was 15% - 71%.  Flat buffers tend to 

promote higher water tables and thus have an increased capacity for denitrification. In steep buffers, water 

moves more quickly, lessening the chances for microbial decomposition. The lowest difference in 

retention rates between flat and steep buffers can be found for cell 1383 for both woody and herbaceous 

types, where retention rate range 89.21 and 89.69  
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Table 6: Total N input from AnnAGNPS (kg/ha/yr), REMM total N out (kg/ha), and calculated 
retention rates of four different buffer scenarios from six AnnAGNPS cells. 

 
across all types.  This cell also has the highest input of N (116 kg/ha) but it is not clear if this is related to 

retention rates but given that retention is so high, it is likely the case that the capacity of the buffer to 

absorb and denitrify N was reached.  There are little if any differences in the output between the 

herbaceous and woody scenarios although for flat buffers, woody types retain more nitrogen than 

herbaceous ones. In the steep buffer scenarios, retention rates are generally higher for woody types, with 

the exception of cells 993 and 1383.  Retention rates for these cells are only slightly lower than their 

herbaceous counterparts.   

 The fact that there is little difference between woody and herbaceous scenarios is likely due to the 

fact the REMM vegetation parameters play little role in the erosion (attached N) and transport of water 

through the buffer (dissolved N). Instead, the structure of the buffer (width, slope), and other erosion 

parameters such as Manning’s n, roughness, soil moisture conditions, and others are more important in 

determining the flow of water. 

  Upland 
Land 
Use 

Cell 
No.    

Herbaceous 
 Flat 

Woody 
 Flat 

Herbaceous 
 Steep 

Woody 
 Steep 

     Input  Output  % 
Retention

Output  % 
Retention

Output  % 
 Retention 

Output  % 
Retention 

Dairy  992  20.1  6.12  69.57  5.79  71.23  13.3  33.98  13.1  34.91 

Row 
Crop 

993  20.4  5.96  70.74  5.52  72.92  11.4  44.10  11.9  41.51 

Dairy  125
2 

35.4  11.5  67.39  10.8  69.43  20.1  43.24  19.6  44.71 

Live‐
stock 

129
2 

37.7  8.83  76.55  8.44  77.57  19.0  49.57  18.4  51.07 

Dairy  132
3 

115  36.1  68.55  32.6  71.60  48.0  58.11  47.1  58.96 

Dairy  138
3 

116  12.5  89.21  12.5  89.27  12.0  89.69  12.0  89.64 
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Phosphorus 

 Phosphorus retention rates range from 12% – 43% for flat scenarios and 12% - 56% for steep 

scenarios (Table 7). Here, however, the steep scenarios almost always retain more P than the flat buffers, 

which is different than what was seen for nitrogen.  

  Upland 
Land 
Use 

Cell 
No.    

Herbaceous  
Flat 

Woody 
 Flat 

Herbaceous 
 Steep 

Woody  
Steep 

     Input  Output  % 
Retention

Output  % 
Retention

Output  % 
Retention 

Output  % 
Retention

Dairy  992  2.69  1.53  43.10  1.87  30.68  1.25  53.60  1.60  40.75 

Row 
Crop 

993  2.82  1.91  32.26  2.07  26.67  1.56  44.81  1.79  36.48 

Dairy  1252  4.70  2.86  39.20  3.41  27.45  2.55  45.65  3.33  29.17 

Live‐
stock 

1292  4.68  2.27  51.56  2.93  37.43  2.04  56.32  2.89  38.28 

Dairy  1323  18.4  16.0  12.81  12.5  32.23  16.1  12.63  15.9  13.58 

Dairy  1383  14.3  12.5  12.11  12.5  12.63  12.0  16.03  12.0  15.63 

Table 7:  Total P input from AnnAGNPS (kg/ha/yr), REMM total P out (kg/ha/yr), and calculated 
retention rates of four different buffer scenarios from six AnnAGNPS cells. 

 
The only exception is cell 1323 where the retention rate for the woody flat scenario is 16% higher than the 

steep scenario. The reason for this difference is not immediately clear, although cell 1323 does have the 

highest amount of P input (runoff from AnnAGNPS).  Table 8, which shows the amount of dissolved 

inorganic P in surface runoff, yields some insight.  The flat buffers are releasing more phosphorus as 

inorganic P than their steep counterparts and, in all cases, the dissolved inorganic P output is substantially 

greater than input (Table 8).  This suggests that the buffer is actually producing inorganic P and releasing 

it in surface flow as dissolved P.  We also find that the herbaceous types of buffers retain more P than the 

woody types in both flat and steep scenarios, which is also in contrast to how N moves and is retained 

within the buffer.  
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Table 8: Dissolved inorganic P in surface runoff in from AnnAGNPS (kg/ha/yr), REMM dissolved 
inorganic P out (kg/ha/yr), and calculated retention for four different buffer scenarios from six 
AnnAGNPS cells. 
 

Again, this is due to the amount of dissolved inorganic P being produced within the buffer that is also 

contributing to the output.  

 Overall retention rates for buffers simulated in REMM were limited by a number of factors 

discussed above.  Another primary limitation is that the buffers simulated were relatively small compared 

to the source areas.   All buffers simulated were 10% of the source area.  Although an analysis of the area 

available for riparian buffer implementation is beyond the scope of this analysis, it is a key factor in how 

effective buffers are in controlling nonpoint source pollution.    Previous studies using REMM have 

shown that  N retention rates can be as low as 5% for a 15: 1 source to buffer area ration of 15:1 and 

typically approach 8-0% when the source to buffer area ratio approaches 4:1.  Future REMM simulations 

for Stemple Creek buffers can examine the effects of source to buffer ratios that are realistic for the 

implementation of buffers within the watershed.   

  Upland 
Land 
Use 

Cell 
No.    

Herbaceous 
 Flat 

Woody 
 Flat 

Herbaceous  
Steep 

Woody  
Steep 

      Input  Output  % 
Retention

Output  % 
Retention

Output  % 
Retention 

Output  % 
Retention

Dairy  992  0.34  0.70  ‐104  1.19  ‐249  0.41  ‐18.7  1.19  ‐249 

Row 
Crop 

993  0.41  0.89  ‐119  1.35  ‐230  0.49  ‐20.0  0.92  ‐125 

Dairy  1252  0.34  1.31  ‐281  2.08  ‐508  1.08  ‐215  1.94  ‐467 

Live‐
stock 

1292  0.34  1.26  ‐267  2.14  ‐524  0.98  ‐187  1.91  ‐458 

Dairy  1323  0.26  5.72  ‐2112  5.31  ‐1954  5.90  ‐2181  6.89  ‐2563 

Dairy  1383  0.26  4.75  ‐1760  5.31  ‐1980  3.93  ‐1439  4.46  ‐1646 
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SUMMARY 

 Results of REMM simulations indicate that 25 – 30% more N is retained by flat buffers than steep 

ones for both herbaceous and woody types.  Flat buffers do not move the ground water out as quickly and 

therefore tend to promote higher soils moisture for a longer period of time, increasing the opportunity for 

denitrification.  This is opposite of what we see for P, where more P is retained by the steep buffers.  This 

is a surprising finding but in these cases, there is production of dissolved inorganic P within the buffer.  

More of this is produced in flat buffers than woody buffers. Steep buffers are still providing more 

sediment P output but less dissolved P output.    

  From the input data, it can be seen that the cell with largest amount of sediment output is not 

associated with the largest amount of N and P, suggesting that much of the N and P is coming from the 

dissolved phase and not attached to sediment.  The size of the cell also does not seem to have an impact 

on N, P and sediment output, but that is expected given that the amount of nutrients and sediment 

generated from an AnnAGNPS cell is tied more closely to the inputs.  Flat buffers retain on average 5% -

10% more sediment than steep buffers.  The fraction of sand silt and clay will have an impact on the 

amount of sediment transport within the buffer, and ultimately retention, with higher amounts of sand 

leading to greater retention. 

 When specific data on areas available for buffer implementation in Stemple Creek Watershed are 

developed, REMM can be used to simulate the actual buffer scenarios.  These scenarios should represent 

the actual ratios of source to buffer area possible for buffer implementation within the watershed.     
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APPENDIX 
 
Appendix Table 1.  Vegetation data from the field sites. 
 

Site 
number species 

Diameter 
(cm) Trunk id 

Basal Area 
(m2) Ht(m) Volume(m3) Biomass(mt) 

Biomass 
(mt/ha) 

1 willow 20 a 0.0314159 8 0.08377573 0.087461866  
1 willow 24 a 0.045238896 9.6 0.14476447 0.151134104  
1 willow 19 a 0.02835285 7.6 0.07182722 0.074987617  
1 willow 21 a 0.03463603 8.4 0.09698088 0.101248042  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
1 willow 22 b 0.038013239 8.8 0.1115055 0.116411743  
     0 1.28939231 1.346125573 89.50303015
2 Juncus    0    

Fennel    0    
     0    
3 Juncus    0    

Cheatgrass   0    
     0    
4 Oak 35 a 0.096211194 14 0.44898557 0.468740936  
 oak 39 b 0.11945896 15.6 0.62118659 0.648518801  
 oak 24 b 0.045238896 9.6 0.14476447 0.151134104  
 oak 16 b 0.020106176 6.4 0.04289318 0.044780475  
 oak 61 c 0.29224641 24.4 2.37693747 2.481522714  
 oak 36 d 0.101787516 14.4 0.48858008 0.5100776  
 oak 65 e 0.331830444 26 2.87586385 3.002401855  
     0 6.99921119 7.307176485 228.3492652
5 oak 47 a 0.173494308 18.8 1.087231 1.135069159  
 willow 28 b 0.061575164 11.2 0.22988061 0.239995359  

oak 34 c 0.090791951 13.6 0.41159018 0.429700146  
oak 45 d 0.159042994 18 0.95425796 0.996245313  
unknown1 19 e 0.02835285 7.6 0.07182722 0.074987617  
willow 18 f 0.025446879 7.2 0.06107251 0.0637597  
willow 24 g 0.045238896 9.6 0.14476447 0.151134104  
oak 28 h 0.061575164 11.2 0.22988061 0.239995359  
oak 24 i 0.045238896 9.6 0.14476447 0.151134104  
laurel 14 j 0.015393791 5.6 0.02873508 0.02999942  
laurel 11 j 0.00950331 4.4 0.01393819 0.014551468  
laurel 10 j 0.007853975 4 0.01047197 0.010932733  
laurel 10 j 0.007853975 4 0.01047197 0.010932733  
laurel 10 j 0.007853975 4 0.01047197 0.010932733  
laurel 14 j 0.015393791 5.6 0.02873508 0.02999942  
laurel 6 j 0.002827431 2.4 0.00226194 0.00236147  
laurel 20 k 0.0314159 8 0.08377573 0.087461866  
oak 44 l 0.152052956 17.6 0.89204401 0.931293945  
oak 31 m 0.0754767 12.4 0.31197036 0.325697055  
oak 23 m 0.041547528 9.2 0.12741242 0.133018565  
laurel 10 n 0.007853975 4 0.01047197 0.010932733  
laurel 10 n 0.007853975 4 0.01047197 0.010932733  
     4.87650166 5.091067735 174.3516348
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6 Juncus        
Willow        
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Appendix Table 2.  Nitrogen and Phosphorus content of vegetation samples 
 

Site 
Number Species Soil ID Comment N (%) P (%) 

1 willow 1 & 2  2.749 0.2559 
2 Juncus 3 at edge of ditch 2.226 0.1855 
3 Grass 4  1.032 0.114 
4 willow 5  0.9711 0.1044 
4 Laurel 5  1.968 0.1483 
4 Oak 5  1.398 0.1059 
5 Laurel 6  1.746 0.1474 
5 Unknown 6  0.9542 0.0759 
5 Oak 6  1.094 0.081 
5 willow 6  2.438 0.1715 
5 Alder 6  2.036 0.1637 
6 Juncus 7 from channel 2.007 0.1796 

 
 
 



 

 45

 
 
Appendix Figures    
 
Site 1. 
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Site 2. 
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Site 3. 
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Site 4. 
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Site 5. 
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Site 6. 
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