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Who are we?Who are we?

1.1. A software company, not a consultantA software company, not a consultant

2.2. Experience developing environmental data Experience developing environmental data 

management systems for more than 12 yearsmanagement systems for more than 12 years

3.3. Expertise in limnology, environmental chemistry, Expertise in limnology, environmental chemistry, 

geology and geotechnical engineeringgeology and geotechnical engineering

Dr. Noel BurnsDr. Noel Burns——internationally renowned internationally renowned 

limnologist having studied inland limnologist having studied inland 

waters around the globe for over four waters around the globe for over four 

decadesdecades
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Who are we?Who are we?

Clients include:Clients include:

•• Over 250 analytical labsOver 250 analytical labs

•• Over 100 consultantsOver 100 consultants

•• Six U.S. EPA RegionsSix U.S. EPA Regions

•• 18 state agencies18 state agencies

•• Dept. of Defense, Dept. of EnergyDept. of Defense, Dept. of Energy

•• Many industrial clientsMany industrial clients

•• Licenses in Korea, Japan, Vietnam, Kuwait, Singapore, Licenses in Korea, Japan, Vietnam, Kuwait, Singapore, 

England, Ireland, Italy, South Africa, Venezuela, England, Ireland, Italy, South Africa, Venezuela, 

Australia, Canada, Portugal, Belgium, China, Germany, Australia, Canada, Portugal, Belgium, China, Germany, 

UAEUAE
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Who are we?Who are we?

•• California DTSCCalifornia DTSC

•• California Department of Water ResourcesCalifornia Department of Water Resources

•• City of San BernardinoCity of San Bernardino

•• San Bernardino Valley Municipal Water DistrictSan Bernardino Valley Municipal Water District

•• Sacramento CountySacramento County

•• Los Angeles Department of Water & PowerLos Angeles Department of Water & Power

•• Santa Clara Valley Water DistrictSanta Clara Valley Water District

•• Metropolitan Water District of Southern CaliforniaMetropolitan Water District of Southern California
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•• Data Checking and Import from Data Checking and Import from RUSS, RUSS, HydrolabHydrolab, , LicorLicor, , ……

•• Vertical ProfilesVertical Profiles

EQuIS 5 Limnology FeaturesEQuIS 5 Limnology Features
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EQuIS 5 Limnology FeaturesEQuIS 5 Limnology Features

•• Data Checking and Import from Data Checking and Import from RUSS, RUSS, HydrolabHydrolab, , LicorLicor, , ……

•• Vertical ProfilesVertical Profiles

•• IsoplethsIsopleths
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In April 2006, EarthSoft teamed with Dr. Noel Burns of In April 2006, EarthSoft teamed with Dr. Noel Burns of 

Lakes Consulting in New Zealand and acquired LakeWatch.Lakes Consulting in New Zealand and acquired LakeWatch.

Software for Lake and Reservoir MonitoringSoftware for Lake and Reservoir Monitoring
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Case StudyCase Study
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Case StudyCase Study

In May 2000, a water authority established a In May 2000, a water authority established a 

major lake monitoring program to ensure that major lake monitoring program to ensure that 

their lake would continue to be a hightheir lake would continue to be a high--quality, quality, 

valuable water resource long into the future.valuable water resource long into the future.

One component of the monitoring program One component of the monitoring program 

includes analysis of physical and chemical includes analysis of physical and chemical 

data using data using EQuISEQuIS LakeWatchLakeWatch..
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EQuIS LakeWatchEQuIS LakeWatch

•• Detailed review of each parameter.Detailed review of each parameter.

•• Display multiple profiles for determination of Display multiple profiles for determination of 

layers.layers.

•• DeseasonalizeDeseasonalize data for all parameters.data for all parameters.

•• Detect trends in parameters.Detect trends in parameters.

•• Summarize results in preSummarize results in pre--formatted reports, formatted reports, 

including annual including annual trophictrophic state and probability of state and probability of 

change with time.change with time.
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Conductivity and total nitrogen concentrations help define Conductivity and total nitrogen concentrations help define 

plume in top of plume in top of thermoclinethermocline

Event ProfileEvent Profile

Temperature SpCond TN
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Profile TableProfile Table
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Sample TableSample Table
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Residuals Regression: y = 45.7 + -1.602x ; R = -0.5964 ; p = 1.897E-7
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1.1. Data is first Data is first deseasonalizeddeseasonalized by plotting all data by plotting all data 

as a function of day and month only.as a function of day and month only.

2.2. Polynomial curve is then fit to the data. Polynomial curve is then fit to the data. 

Residuals are calculated for each data point.Residuals are calculated for each data point.

3.3. ObservedObserved data and data and residualresidual data are plotted as data are plotted as 

a function of time and trended.  Pa function of time and trended.  P--value of < value of < 

0.05 considered to be significant.0.05 considered to be significant.

Data TrendsData Trends
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Seasonal

Regress ion

Residuals

Regress ion

Time Trend

Seasonal Regress ion: y  = 186.2 + -0.08476x ; R = -0.05929 ; p = 0.3012

Residuals  Regress ion: y  = -234 + 0.1173x ; R = 0.3549 ; p = 4.156E-7
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Seasonal
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Time Trend

Seasonal Regress ion: y  = 186.2 + -0.08476x ; R = -0.05929 ; p = 0.3012

Residuals  Regress ion: y  = -234 + 0.1173x ; R = 0.3549 ; p = 4.156E-7
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Time Trend

Seasonal Regress ion: y  = 186.2 + -0.08476x ; R = -0.05929 ; p = 0.3012

Residuals  Regress ion: y  = -234 + 0.1173x ; R = 0.3549 ; p = 4.156E-7
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Seasonal

Regression

Residuals

Regression

Seasonal Regression: y = 4052 + -2.017x ; R = -0.5197 ; p = 1.266E-7
Residuals Regression: y = 3234 + -1.615x ; R = -0.5767 ; p = -1.34E-7
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DO Depletion

Regression

Temperature

Regression

DO Depletion Rate
DO Depletion Regression: y = 7.946 + -0.01497x ; R = -0.836 ; p = -8.243E-8
Temperature Regression: y = 13.24 + 0.001153x ; R = 0.09383 ; p = 0.3482
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Oxygen depletionOxygen depletion

rate is increasing.rate is increasing.

HypolimneticHypolimnetic Volumetric Oxygen Depletion ReportVolumetric Oxygen Depletion Report
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Annual Sample Averages ReportAnnual Sample Averages Report
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TrophicTrophic Level Index ReportLevel Index Report

Burns Burns TrophicTrophic Level Index (TLI) values are Level Index (TLI) values are 
calculated from annual averages of calculated from annual averages of 
chlorophyll, chlorophyll, SecchiSecchi depth, total depth, total 
phosphorus and total nitrogen.phosphorus and total nitrogen.
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TrophicTrophic Level Index ReportLevel Index Report
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Regression Equations:Regression Equations:

TLpTLp = 0.218 + 2.92 log (TP)= 0.218 + 2.92 log (TP)

TLnTLn = = --3.61 + 3.01 log (TN)3.61 + 3.01 log (TN)

TLsTLs = 5.10 +2.60 log (1/SD = 5.10 +2.60 log (1/SD -- 1/40)1/40)

TLcTLc = 2.22 +2.54 log (= 2.22 +2.54 log (ChlaChla))

TLI = 1/4(TLp + TLI = 1/4(TLp + TLnTLn + + TLsTLs + + TLcTLc))

Burns et al. (1999): Burns et al. (1999): ‘‘A monitoringA monitoring

and classification system for Newand classification system for New

Zealand Lakes and Reservoirs.Zealand Lakes and Reservoirs.’’

Lake and Reservoir ManagementLake and Reservoir Management

15 (4):25515 (4):255--271271

Burns Burns TrophicTrophic Level IndexLevel Index
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Baseline TLI value of a lake can be established. Rate of change Baseline TLI value of a lake can be established. Rate of change of of 

TrophicTrophic Level can be estimated with probability of change determinedLevel can be estimated with probability of change determined

by average PAC.by average PAC.

Burns Burns TrophicTrophic Level IndexLevel Index
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Case StudyCase Study

1.1. Determined cause of major algal bloom.Determined cause of major algal bloom.

2.2. Discovery of oxygen problem which is developing.Discovery of oxygen problem which is developing.

3.3. Provided instant graphics and data analysis for selection Provided instant graphics and data analysis for selection 

of new deep water intake location.of new deep water intake location.



21st Annual CALMS Conference21st Annual CALMS Conference——October 12, 2006October 12, 2006

Is it necessary to manage lakes for the future?Is it necessary to manage lakes for the future?

•• Population is growingPopulation is growing

•• Enriched streams running into lakesEnriched streams running into lakes

•• More recreational use of lakesMore recreational use of lakes

•• Increased agriculture with more fertilizer runIncreased agriculture with more fertilizer run--

offoff

•• LAKES ARE SLOWLY BECOMING MORE LAKES ARE SLOWLY BECOMING MORE 

EUTROPHIC!EUTROPHIC!

A Valuable Management ToolA Valuable Management Tool
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•• TLITLIs or s or TSIsTSIs give you an annualgive you an annual,, numericalnumerical

measure of lake trophic level. measure of lake trophic level. 

•• The TLI or TSI enables close, objective The TLI or TSI enables close, objective 

tracking of lake tracking of lake trophictrophic change change –– even if very even if very 

gradual.gradual.

ThisThis has been done successfully with 12 lakes in has been done successfully with 12 lakes in 

the Rotorua District of New Zealand.the Rotorua District of New Zealand.

TLI/TSI: An Important Management ToolTLI/TSI: An Important Management Tool
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Lake
Draft Regional Water and

Land Plan
Baseline TLI

3-yr average TLI
to

2000.

Rotoma 2.3 2.3
Okataina 2.6 2.6
Tarawera 2.6 2.6
Tikitapu 2.7 2.7
Okareka 3.0 3.4*

Rotokakahi 3.1 3.2
Rotoiti 3.5 3.9*

Rerewhakaaitu 3.6 3.6
Rotomahana 3.9 3.8

Rotoehu 3.9 4.7*
Rotorua 4.2 4.6*
Okaro 5.0 5.7*

* Lakes exceeding their designated baseline TLI.

Rule:Rule: Remedial action be taken when the 3Remedial action be taken when the 3--year movingyear moving--

average TLI for exceeds baseline TLI by 0.2 units for 2 years.average TLI for exceeds baseline TLI by 0.2 units for 2 years.

TLI/TSI: An Important Management ToolTLI/TSI: An Important Management Tool



21st Annual CALMS Conference21st Annual CALMS Conference——October 12, 2006October 12, 2006

•• Now in the Rotorua District, they do not fight Now in the Rotorua District, they do not fight 

anymore about whether lakes need improvementanymore about whether lakes need improvement

•• TThey hey now now fight about the most costfight about the most cost--effective effective 

methods to improve the different lakesmethods to improve the different lakes..

•• Serious Serious management management action is being takenaction is being taken!!

TLI/TSI: An Important Management ToolTLI/TSI: An Important Management Tool
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Thank you!Thank you!

Scot D. WeaverScot D. Weaver

EarthSoft, Inc.EarthSoft, Inc.

sweaver@earthsoft.comsweaver@earthsoft.com

435435--245245--93539353


