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Glossary and Acronyms
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INTRODUCTION

Background
As Alaskans continue to feel the impacts of a changing climate, the need for resource managers to

understand how these changes will alter aquatic systems and fisheries resources grows. Water
temperature data collection has increased in recgears to begin to fill our gaps in knowledge
F02dzi OdzNNByYy (G GKSNXIf LINPFATSAT K2SOSNE ¢6A0GK
habitats, the need for water temperature data is ongoing. Many entities are collecting
temperature data for a ariety of purposes to meet project or agency specific goals. Statewide
interestin thermal patternd Y R A Y ONB I aAy3 RIFGF O2tt SOGA2Yy STT
resource managing community an opportunity to meet broader regiscale data neesl

Adopting minimunstandardsor data collectiorwill ensurecomparalility of generateddata.

¢KS 32+t 2F GKAA LINRB2SOG Aa (G2 RSTFAYS YAYAY
temperature data in Alaska that must be met so that observationsogportregionalassessment

of status and recent trends in freshwater temperatures and prediction of future patterns of change

in these aquatic thermal regimes using downscaled climate projectiBpsdentifying minimum

data standardspur objective igo encourage rapidyut structured growth incomparablestream

temperature monitoring efforts in Alaskhat will be used tainderstand current and future trends

in thermal regimes These trends will informstrategies for maintaining ecosystem resilienc

Summary of airrent standards and protocolsfor Alaska

Numerous agencies have produced national water temperature protocols including .the U
Geological SurvefuSGSWagner et al. 2006and Environmental Protection Agen¢y.S. EPA
2013) Additionally, organizations have generated protocols particulaAleska, such as the
National Park Servicgarsen et al. 2011, Shearet al. in review Sergeant et al. 2013 ook
Inletkeeper(Mauger 2008)and most recently the USGS in cooperation with Eish and Wildlife
ServicgToohey et al. 2014)A summarynventory of current protools can be found in Appendix A
of this document. While these protocols provide excellent guidance regarding temperature
monitoring, they are often focused on specific agency procedamdgjoalshat are not applicable
beyond treir source entity. The national and broadly focused protocols present numerous issues
that should be considered, but thedo notdirect the reader towardlear,minimum standards
regarding sample frequency, sample duration, or data management. A d&si stream
temperature monitoring standardss still neededfor Alaskans to begin building robust datasets
suitable for regional analyses.

Simple, scientifically defensible standards will particularly benefit fimlil whose primary task
arenot hydrobgy or monitoring as well as personmglsmaller organization@&.g. tribal entities,
watershed organizations, or local groupS)ich basic guidandsalsosuitable forf F NASNJ | 3Sy O
biologistswhose primary tasks are not temperature monitoringstblishinga set of minimum



standardsencouragesdditional groups to deplotemperaturesensors while conducting other
field tasks,thus leveraging field work occurringcrossthe state, and increasing our ability to
discern regionalvater temperature trends.

Standards versus Protocols

This document has two main components; a section describing the science behind identifying
minimum stream temperature data standarded a section detailing the protocol we recommend

for streamtemperaure data collection. Both sections have been designed to be standalone
documents, but we recommend that data collection groups read both the data standards and data
collection protocol.

Data standardare informed bywhywe want to collect temperatureata. Standards identify the
basic parameters aftreamtemperature that are most important to the goalsaproject, in this

case those parameters most important for monitoring trends to understand regisinahm
temperature change. However, we haveng our best to identify standards that facilitate the
maximum utility of the collected data. This means that data collected with tineisémum
standards should meet the needs of most research and monitoring questions asked at the regional
scale.

Data ollection protocols define thdnow of data collection. A protocol defines specific tasks
associated withstream temperature monitoring, includingselection, accuracy, placement,
maintenance, and retrieval of stream temperature data loggers; in additiodata quality
assurance, management, astlaring Thusa protocolis designed to meet the data standards
identified at the beginning of a project.

Importance of regionalscale analyses

Climatedriven impacts to water temperature are likely to vary basmd multiple local and
landscape factors. divever, given the current scale of future climatic forecasts, regional climate
patterns provide the best available data on future conditions. Thus have focusedn
developing minimum standards for regiorsdde analyses. We define regional scales as those
areas thatspanmultiple watersheds such as @ level hydrologic unit included in the USGS
National Hydrography Dataset (NHBat range in size from 5,000 to 25,000 square kilometbrs.
Alaskagxamplesof 4™ level hydrologic unitdnclude entire river drainages such as the Nenana,
Mulchatna, or AlseRiversor different basins within a largeystem such as the Upper and Lower
Noatak River or North, South, and Middle Forks of the Kuskokwim River.

Regionalstream temperature datasets can bealyzedo address manguestions examples are
provided and discussed in more detail below.



- What is the current status of stream temperaturebi®dw often and for how longra they
above water quality standardsedigned to protect salmon and trou{Ryle and Brabets
2001)

- What characteristics of streamadtheir watersheds are associated with different aspects
of the stream thermal regime?lsaak et al. 2010, Lisi et al. 2013)

- Are theretrends inhistoricstream temperatures? Is there a @rent response across the
region or are streams responding differentlff8aak et al. 2011, Arismendi et al. 2012, Luce
et al. 2014)

- Whichcomponents of e stream thermal regime are most responsive to climate change?
(Arismendi et al. 2013)

- What are the projectedtream temperatures under different climate scenari¢igantua et
al. 2010)

- How will changing stream temperatures affacjuatic biotaiMohseni et al. 2003;laak et
al. 2010)

- Are theremanagement actions that can be takerpimvide forhabitatresiliencyfRieman
and Isaak 2010)

In Alaska, several regional analyses have been conduotesl/aluate the most important
watershed characteristics controllirsgimmertime stream temperaturesmportant factors have
includedglacier cove(Kyle and Brabets 2001, Fellman et al. 20&kvation(Mauger 2013, Lisi et

al. 2013) wetlands(Mauger 2013)and lakeqLisi et al. 2013) Due to the limited spatial and
temporal coverage of stream temperature data in Alaska, there is much less information describing
historic trends or generation of future projections, especially as they relate to salmonids.

Analysis of historic stream temperature trends in the Western U.S. indicate that some aspects of
the thermal regime are coherent across regional scales, such as increasing summer temperatures
(Isaak et al. 2011yvhile other aspects of the thermal regime are responding in complex ways, s

as daily minimums advancing more rapidhan maximums, but not for all streamand no
consistent changes to stream temperature variabi{dyismendi et al. 2012, 2013Projected
increases in the annual maximum weekigtertemperaturesby 2080 are on the order of2 € for
Washington Stat€Mantua et al. 2010) Fuure projections of increasing stream temperatures
across regional river networksdicatedecreassin suitable habitandfragmenttion ofexisting
habitatfor salmonids in the Western U &ieman et al. 2007, Isaak et al. 2010, Ruesch et al. 2012,
Jones et al. 2013) Managenent strategiesto increaseresiliency include improving riparian
vegetationto shade streamgestoringstream flows in summertime to decrease stream sensitivity
andrestoringfish passageo provideaccess to thermal refug{@ieman and Isaak 2010, Isaak et al.
2010)



These types of regional analy$es/e relied on the compilation and synthesis of extensive amounts
of data collected by a muttide of agencies and organizatiomgth an interestin monitoring
stream temperatures over the last few decadesy, Isaak et al. 2010)The adoption ominimum
standards for stream temperatuidatacollection in Alaskaill enableanalysis otream thermal
regimes in Alaskacrosdarger spatial and temporal resolutions tharcurrently possible given the
low density of stream temperature data across the state

Lake temperature data collection

Although stream temperature assessments havegieoned in the field and the literature over the

last decade, regional lake assessments are lagging belfahy of the minimum standards
discussed here are relevant for both stream and lake temperature data collection, such as data
logger accuracy, rangad quality assurance measures as well as data management; however, site
selection and deployment methodis the following protocobre only relevant for running water
habitats.

Given the fundamental difference between moving water and lakes, we beheatdét would be
inappropriate to define universal temperature monitoring standardd.akes are inherently
different. Shallow lakes have very different thermal regimes than deep lakes which can have
vertically stratified temperature profiles that may indle seasonal mixin@ones and Ar@014).
Glacial lakes have different regimes than disconnected permadiroan lakes. Thus, lakes are not

an easily definable entity fastablishingnonitoring standards.

In addition, lake temperature monitoringtigpically focused on different types of questions than
river and stream monitoringSpecifically, most lake monitoring addresses vertical temperature
profiles and aims to target specific events (i.e. mixing, freeze HpJtunately, potocols for
samplirg in shallow Arctic lake@.arsen et al. 2011gnd the large lakes of Southwest Alaska
(Sheareet al. in reviewhave been developed by the National Park Service that comprehensively
address lakespecific issuesAnd with a preponderance of both large and remote lakes in Alaska,
the emerging use of remote sensing data in conjunction with continuous data collection to
characterize lake surface temperatures is encouradfrg et al. 201Q)

The influence of lakes within a stream network on water temperature is significant and complex.
Lakes increase residence time and solar absorption resulting in a positive relationship between
stream temperature and percent lake codtoore et al. 2013, Fellman et al. 204)d lake size
(Garrett 2010, Lisi et al. 2013And stream temperaturgenerally declines as the distance from a
lake outlet increase@Garrett 2010, Rosenfeld and Jones 20bh@)wever, fators like lake depth,

inlet and outlet position and wind patterns can be important drivers of temperature in an outlet
stream (Rosenfeld and Jones 201@uture research is needein Alaska to understand the
influence of lake temperature on stream tempéuee within a drainage network.



MINIMUM STANDARDS

In an effort to develop minimum standards for identifyinggional trends in surface water
temperature in Alaska, it is importand considerthe various waystreamtemperature trends
have been modeled in othéwcations Recent analyses of unregulated streams of the Western U.S.
have documented significant warming trends for mastseam systems, especially during the
summer montls (Isaak et al. 2011, Arismendi et al. 2Q12Exploration ofhistoric stream
temperaturedata has also ledo some unexpected results, such as daily minimums and means
showed more significant warming trends than daily maximyfssmendi et al. 2012, 2013)
cooling trends during the spring and fall seas@ieaak et al. 2011, Arismendi et al. 2QX#)d the
necessity of having relatively long time serie3(years) to document significant warming trends
in minimum, maximum, and mean dailyn@eratures(Arismendi et al. 2012)As the network of
stream temperature dataollectionin Alaska brodens and densifies, ware fortunate to be able

to apply this knowledgand carefully maintaiour data records for storing and sharingntinueto
pursue yearround data collection, and set goal of maintaining lorterm monitoring sites (30
years) so thainformativeregional scale trend analyses deasible

Below areour minimum data collection standard® generate data usefuior regionatscale
analy®s of stream thermal regimed he standards cover data loggecuracy and range; sgling
frequency and duration; quality assurance steps including accuracy checks, site selection and data
evaluation; and finally, metiata, data storage and sharing (Table lf).some cases we have
included recommendations beyond the minimum standardglierreader to consideiGuidance

on how to implement these standardand recommendationss provided in the Stream
Temperature Data Collection Protocol for Alaska

Datalogger
Minimum Standard: accuracy of +062C and range from4° to 37°C.

The accuray and range minimum standards are based on the &esilable technology fowater
temperature data loggers currently on the markétVe set the minimunaccuracystandard at
+0.25°C as opposed to 0°Z to be clearthat commonly used data loggemsith accuracy
specifications 00.21°Care appropriateThereare additional brands witlessaccuracy that should
not be used. Introduction of additional measurement error into stream temperature dataaats
reduceour ability to detect trendsThe rangeas setwell beyond the expected values for stream
temperature in Alaska.



Tablel. Minimum data collection standards for regional analysis of stream thermal regimes.

Minimum Standards

Data Logger Accuracy #0.%5°C
Measurementrange -4°to 37°C (24 to 99°F)
Data Collection Sampling frequency 1 hour interval
Sampling period/duration 1 calendar month
Quality Assurance Accuracy checks water bath at two temperatures: € and
and Quality 20°C before and after field deployment
Control to verify logger accuracy (varid§ 5@ H
compared with a NIS@ertified
thermometer)

Site selection five measurements across the stream
width to verify that the site isvell-mixed

OADPSD BICNASa X nodH

Dataevaluation remove erroneous data from the dataset

Data Storage File formats CSMormat in 2 locations
Metadata unique site identifier
agencybrganization nameand contact
datum, latitude andlongitude
sample frequency
stored with temperature data
Sharing quality-controlled hourly data

Datacollection
Samping frequency

Minimum Standard:1 hour interval

The minimum standard for sample frequency was selected as the maximum interval that could be
used while still effectively capturing the daily maximum and minimum temperaturéise

probability of capturinghe daily maximum or minimum given a specified gdimg interval is

affected by the daily range in water temperatuf@unham et al. (2005) compared several sampling
intervals to their baseline of 30 minutes to estimate the probabilities of missing the maximum daily
temperature by more than°C. Given aally range of 12C, there is less than a 2% probability of

missing the true daily maximum by morethatil dza Ay 3 | G @g2nK2dzNJ al YLX A
Dunham et al. 2005). These results are relevanafdataset of 48 noglacial salmon streams in
Cookinletwhere thedaily range among sites varied from %0 11.6C (Table 6, Mauger 2013).



However, al°Caccuracy goal may not be sensitive enough for tracking maxianaminimum
temperature trends during specific seasons important for aguatic organisms

We resampled stream temperature data collected at 15 minute intervalsdgenCook Inlet
streamswhose daily ranges varied from 410 10.3C. For each of the sampling intenstlsdiedg

30 minutes, 1 hour, 2 hours, and 4 hognse calculated the fference in daily maximum from the
15 minute interval dataseb determine the loss in accuraftpm recording temperatureatlonger
time intervals(Figure 1) Error bars reflect the standard error of theeandifferences based oné

to 149days of datavithin one year for each site. A 4 hour sampling interval resultsedaction

to the maximum daily temperature of @G at the site with the largest daily range. This introduced
bias is greater than thaccuracy of the data loggemused The2 hour, 1 hour, and 30 minute
sampling intervaresulted in only a minor loss of accuracy in measuring the daily maximum. We
chose dl hourminimum standard for the sampling interval to reduce the possibility of introducing
bias into the daily maximum anchinimum values which get compounded when calculating
maximum weekly valuesndas a realistic interval to synchronize with when performing quality
assurance checks in the field.

0.40
© 035+— m30min
I 1 hour
S 030 -
[T m 2 hour
£ ® 4 hour
Q 0.25
>
=
S 020
t
g 015
o
‘o 0.10
O
C
L 005 ‘
L I
Q 0,00 - . ii .
-0.05
4.0 4.2 5.7 7.1 8.3 9.0 10.3

Maximum Daily Temperature Range (C)

Figurel. Difference in daily maximum for 30 mite, 1 hour, 2 hours, and 4 hours sampling
intervals based on seven stream monitoring sites in Cook Inlet.



Samping periodduration

Minimum Standard: one calendar month

Recommendations: year round data collection or as much of the open water
season apossibleandat least 3 years of data collection

The minimum standard for sample duration v&et to one month aftereviewing existingegional
analysedor the shortest duration of data collection useful for understanding status and trends in
stream themal regimes. Severalregionalanalyses developed statistical models for predicting
monthly average temperatureg.g. Wehrly et al. 2009, Hrachowitz et al. 2010, Mayer 2012,
Fellman et al. 2014)The months most commonly modeled were July and Augussanuestudies
alsomodeledother months of the year. We selected a one month (calendar month) minimum
standard for sample duratiobecause it was the shortest time interval useful for informing a
regional analysisBut, we would like to emphasize that this is a minimum standard anctisean
important need for yearound stream temperature data in Alaska in order to assess climate
change impacts beyond the summer season.

Annual air temperatures have increased in Alaska.IRC(3°F)over the last 60 years while winter
temperatureshave increased by.3°C(6°F;Chapiret al. 2014) In addition, dates of snowmelt and
freezeup have shifted so that the growing season is now 45% longer in Interior Alaska than it was
at the beginning of the 2B century (Chapin et al. 2014) These trends highlight the need for
monitoring stream temperatures duringlaeasons of the year as longer ice free seasons and
increased warming in the wintertime may affect the vulnerability of aquatic taxa during the spring,
fall, and winter.

The majority of regional analyses evaluating climate change effects on fish wisinb have
modeled one or more measures of the thermal maxi@a, Eaton et al. 1995, Isaak et al. 2010)

In order to provide guidance on the recommended deployment period required to capture the
thermal maxima irBouthcentralAlaska, & reviewed five summers atream temperaturedata
collected in the Cook Inlet bass We used the dates of maximum weekly average temperature
(MWAT) and maximum weekly maximum temperaturél(VMT) to evaluate the timing of the
thermal maximaTable 2) The MWMT occurs more frequently in July than MWAT, but warm
events in June and Auguastlicate the importance of measuring stream temperatures for all three
summer months. For two sites in southern Cook Inlet, the MWMT was observed as late as
September in 2010We recommend a minimum deployment period of June 1 to August 31 to
capture the thermal maximdor streamsin Southcentral AlaskaThe timing of thermal maxima
may be different in other regions of Alask#f the timing is not knownnultiple yearsof data
should be collectedver the entire open water period before narrowing yaamplingperiodto
targetthe thermal maxima. In addition, climate change may be shifting the thermal maxima earlier
in the summer due to ecreasing snowpack and increastegiperatures.

10



Table2. Frequencies of MWAT and MWMT ropnth for streams in Cook Inlet, 20@®12.

Maximum weekly average temperature

(MWAT)
June July August September
2008 1 17 22 0
2009 0 42 0 0
2010 1 25 11 1
2011 2 38 2 0
2012 17 1 10 0
Maximum weekly maximum temperature
(MWMT)
2008 3 25 12 0
2009 0 42 0 0
2010 2 30 4 2
2011 3 38 1 0
2012 17 3 8 0

It is also important to consider inteannual variability in stream temperature regimesen
planning stream temperature data collection effortgalues for MWAT and MWMT were highly
variable over a five year monitoring periodCook Inlet salmon streams. For streams with at least
three summers of datén=44) the difference between thiowestandhighestMWAT ranged from
0.8°to 6.4°C and foMWMT ranged from 1%to 7.3°C. We recommenél leastthree years of
data collection in order to accurately capture the effect of iré@mual variability ora stream's
thermal regimelf you are unable to collect data year rouris important to consler sampling
the same month (or set of months) year after year for consisteAdatalogger can beised to
record measurements for severgtarsas the battery life for a typical logger is 5 years at a 1
minute or greater interval. But, due to limitatis in storage capacity and recommended steps for
guality assurance, loggers shouldregrievedannually so that accuracy checks can be performed
and data can be downloaded before redeploying.

Quality assuranceand quality control
Accuracy checks

Minimum Standard: Water bath at two temperaturg€°C and 26C,
before and after field deployment to verify logger accuracy

The minimum standag for quality assurancand quality controwere selectedo ensure that
eachloggermeets dataquality objectives data are representative of temperatures in the stream
reach, anderroneous dataare removed The accuracy checks required for pand post
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deployment are needed teerifythat eachlogger meets its technical specifications throughout the
deployment perdd and that no driftof measurementdiasoccurred over time.These accuracy
checksare not used to calibrate or modify values recorded by the data logger, but instessl
established teensure that data can be confidently shanedh other users

Siteselection

Minimum Standard:Fivemeasurements across the stream widtlo t
verify that the site iswell-mixed

RecommendationDeploy a backup logger at your site in the event that
onelogger failsor is lostduring deployment

Site selection at the reach scale includes two componéasttifyinga stable location within the
reachanddeploying the logger in a weathixed section of thetream channelDue to the diversity

in stream and river ecosystems within Alaska, we caly pnbvide general guidance for site
selection within the reachHigh velocityhahitats, such ashose foundalongthe outside banlof a

bend, should be avoidetb reduce the likelihood of losinglagger during high flow eventd.ow
velocity habitats like those along thénsideof a bendor in eddiesor pools shoud be avoided
because sediment deposition may buayogger Logger should be deployedithin the active
channel to prevent exposure to air temperatures during low flow& recommend deploymtwo
loggers at a site to help reduce the impact of losing data from placing a logger in an unstable
location within a reach.

Temperature loggers should be placed in a wahed section of the main stream channel if the
data are to beusdul for regiomal-scaleanalysis of stream temperatures (the purpose of this
document). Stream thermal regimes can be highly variable at the reach scale depending upon the
diversity of habitat types presentThermal imaging of the Anchor River in Southcentral Alaska
indicates that sloughs and side channels may be warmer or colder than the main channel by as
much as 4C (Table 5, Watershed Sciences 208Meam reach features with unique temperature
characteristics, suclas off-channel habitat, groundwater upwelling areas, or anthropogenic
features (e.g. dam or point discharge), should be avoidéd.minimum standard for site selection

is a quality assurance step to ensure that the logger is deployed in a location vaigstréam
channelthat is weltmixed.

Site selection also includes the locationaghonitoring site within the stream networkvhich is
typically related to projectobjectivesand may not be based on regional analysis of stream
temperatures.For indivdual groups or collaborative efforts initiating regional stream temperature
data networks in Alask#saak providegeneral guidance for site selectiisaak n.d.)Probabilistic
designs, such as those used for EPA's National Aquatic Resource &iaxayss and Olsen 2004)
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can be used to locate random sampling sites that are spatially balanced across a stream network
but they are logistically challenging to apply imee locations when sitesannot besampledor

various reasonsForpredictive modehgof streamtemperatures acrosanetwork, sites may be
strategically placed to capture the full range of the dominant environmental gradients driving
stream temperatues(Isaak et al. 2010)Degending upon the region, important environmental
gradients to consider include elevation, slope, stream size, wetlands, and lakes. Spatial data for the
region can be assembled in GIS and used to attribute the stream network with the necessary
stream or waershed information required for site selection. An example can be found here:
http://www.fs.fed.us/rm/boise/AWAE/projects/stream_temp/multregression/metds.shtm).

Other suggestions for site selection include utilizing confluences and targeting unique features in
your stream network. Confluences provide an opportunity to gather information about three
distinct stream reaches by deploying loggers intihie incoming tributaries and also within the
downstream reach below where the two source waters have becomemir#id. Discrete features

in your region that may affect stream temperatures, such as a large lake or wildfire, can be
bracketed to better cajure their effect. Recent guidance aampling designs for stream networks
recommends placing multiple samples in clusters at confluences and also single samples at outlet
and headwater reachgSom et al. 2014)

Data evaluation

Minimum Standard: Remove erroneous data from the dataset

It is extremely important that datare reviewed by the data collection agenagd all erroneous
dataareremoved. Dataevaluation steps can only be performed with confidence by the field staff
familiar with the sampling events and site conditions and should occur immediately after returning
from the field to prevent any loss offormation sharing needed to diagnose erroneous d@ata
evaluationsteps include removing air temperature measurements before deployment and after
retrieval and screening for anomalous readings caused by dewatering or burial of the logger.
Sowder and t8el (2012)provide additional examples of visual checks for anomalous data.

Datastorage
File format

Minimum Standard:CS\Mformat in 2 locations

The minimum standards for data storage were selected in order to facilitate sharing of datasets
among users We specifiedhat the file format for the minimum standard be software neutral
comma separated valu¢sy, so that it is easily imported io a variety odatabase and analysis
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programs, such as Excel, Access, anidRitionally, data and associated metadata (sedow)
need to be stored in at least two locations, with one of those locations baibtjgy accessible.

Metadata

Minimum Standard:unique site identfier, data source
agency/organization name and contactlatum, latitude and longitude,
samplefrequency; and stored with temperature data

Regional scale assessments of stream temperatures will require scientists to use data from
numerous sensrs sourced from many agenciebhe minimum standard requires that metadata
information be stored with théemperature data files so that futunesers can easily use the data.

The creation, maintenance, and disuifion of metadata are critical. As the number of
temperature monitoring datasets increases rapidly, our ability to discern which datasets ane usef
to a given research interest will be related to our capacity to sort throughadet which have
common fields.Using consistent fields and formats will improve comparisons between datasets
collected by different groups and at different times.

The Westrn Alaska and Northwest Boreal Landscape Conservation Cooperatives along with the
USGS Alaska Climate Science Center convened a two day workshop in Anchorage in November
HAaMH | AaSYoftAy3a aoOASydArada AyiSNBaidn§dmmoy ! € &f
attributes, workshop organizers were unable to catalog and map water temperature monitoring

sites at the workshop due to inconsistent formatting among agencies and a lack of digital
metadata. Workshop organizers and participants prioritizeeg@difor a more comprehensive

inventory of project metadata and attributes for current and past stream and lake temperature
monitoring efforts.

The Alaska Online Aquatic Temperature Site (AKG&itShelMIQ Hydroclimate Databasad
Data Portal(IMIQ 204) are examples of standardization of metadata attributes across dozens of
data sourcesAt a minimum, metadata shall include the following attributes: unique site identifier,
data source agency or organization name and contact informadiatojm,latitude, longitude, and
sample frequency (1 hour, 30 minutes, 15 minut®¥e strongly encourage investigatorssabmit
projectmetadata to AKOATShttp://aknhp.uaa.alaska.edu/aquatiecology/akoats) .

Sharing

Minimum Standard: Qualitycontrolled hourly data
Recommendation: dailjummaries ominimums, maximums, and means

The minimum standrd for sharing data is qualigontrolled hourly data, which qpovidesthe
informationneeded tocharacterize all aspects of a stream's thermal regiBwenham et al. 2005,
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Nelitz et & 2007, Arismendi et al. 2013)\lthough many regional analyses have focused on stream
temperature responses associated with the summertime thermal maxima (e.g. mean July
temperature or MWMT), there are many oth@omponents to the stream thermal rege:
magnitude (ninimums),variability (daily range)frequency (number of eventthat exceeda
threshold), durationléngth of a temperature evejtandtiming (day of year, Poole et al. 2001)

We also recommend proviiag daily summaries of minimum, maximum, and mean stream
temperatures. Calculating these daily summary statistics serves as an important quality assurance
step by forcing the data collector to review the data soon after data retrieval so that erroneous
measurements can be identifieahd deleted Daily summary statistics should only be calculated

for quality controlled data with at least 90% of daily measurements (e.g. 22 hourly measurements).

This documentvasdevelopedto help the reader understand oyustificationfor selectingand

motivation for establishingminimum standardsfor stream temperaturedata collection The
protocolthat follows provides detailed instructions on implementihgse minimum standards.

We hope that this project will encouragdata collection efforts that will be useful for
understanding current and futuremperaturedl NSy Ra Ay 't all Qa FTNBaAKGI
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Background

Through the Alaska Online Aquafiemperature Site (AKOATS) project, Alaska Natural Heritage Program
staff began cataloging water temperature monitoring protocols from many resource management and

science monitoring organizations across the state. The protocols provide an overviewatitlagtributes

being collected at monitoring sites. We have subsequently added more protocols to our collection and

produced this summary chronicling the current state of water temperature nooing guidance in Alaska.

The fullreport, available uponequest,includes a synopsis describing each protocol along with a simple,

tabular dashboard to summarize the presence or absence of particular key elements.

Dashboard Key:

Data Data Quality Assurance Data Storage
Logger Collection
Accuracy Sample Accuracy Site Data File Format Metadata Sharing
Frequency Checks Selection | Evaluation
Range Duration
- Doeseach | Can the data
Minimum Are there .
. Is there How are the site have be shared?
Minimum sample sensor . How are .
guidance data stored? distinct Have the
sensor frequency accuracy the data .
. for sensor Which metadata raw data
accuracy | (XX minutey check checkec? .
placement format? Can| regarding been
and and procedures, o Are the . o :
. - : within they be identifier, summarized
operating minimum ice bath, data . . .
. i stream or exported in lat/long into daily
range duration to field corrected?| . .
. lake? simple file® | coordinates,| stats (mean,
collect data testing? .
etc.? max, min)?
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Data Data Quality Assurance Data Storage
Logger Collection
Source Title Accuracy Sample Accuracy | Site Selection Data File Format| Metadata Sharing
Frequency Checks Evaluation
Date Pages Range Duration
i I ® v o Q 8 o |
Stream Temp. Data | +/-0.25°C | 60minutes | checks at 5cross remove data| .csv format | unique ID, quality-
CIK Collection Standards an 0°C & 20°C | sectional errors in 2 source controlled
Protocol for Alaska pre and post| stream temps locations agency, hourly data;
UAA 2014 53 pp. -4°Cto minimum1 | deployment contact info, | compiled
+37°C month data | field checks lat/long, daily max,
datum,freq. | mean, min
Guidelines for the +/-0.2°C | recommend | checks at detailed excellent smple no specific recommends
Collection of Continuous 30 minutes, | 0°C and instructions | instructions | suggestion | attributes are | data process
Stream Water 60 mirute 20°Cpre for cross for error to create a | listed, -ing, daily
USGS . : . . . .
W/ Temperature Data in max and post sectional checking, _ prole_c_t included in summary
FWS Alaska deployment | stream temps| uses graphic| specific data mngt. stats, graphs
2014 34 pp. no minimum examples data mngt. | plan for error
duration plan, no suggestion checks
details
Southeast Alaska +/-0.2°C | 60 minutes | pre &post sites and data are data stored | thorough excellent
Freshwater WQ season sensor error in .csv metadata data access
NPS Monitoring Protocol calibration, | placement checked and| form, standards in | (raw &stats)
SEAN | 2013 36 pp., +196 ice free monthly were cleaned locally and | IRMA via SE
pp. SOPs May-Oct field checks | carefully on IRMA Network Inv.
selected website & Mon. site
Shallow Lake Monitoring +/-0.2°C | variable pre & post | different data are data stored | thorough summary
Protocol Central AK anc frequencies, | field season | siting criteria | checked and| SQL/Accesy metadata stats ae
NPS Arctic Network including 60 | calibration | for lakes: cleaned, but can be | includes all compiled for
ARCN minutes bottom, detailed exported base each site
2011 52 pp. +600 icefree surface, data mngt. | to .csv attributes
pp. SOPs May-Sept limnetic zone | plan format
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Data Data Quality Assurance Data Storage
Logger Collection
Agency Title Accuracy Sample Accuracy Site Data File Format| Metadata Sharing
Frequency Checks Selection Evaluation
Date Pages Range Duration
i I ® v o aQa 8 o | K
Southwest Alaska | +/-0.2°C | variable pre & post | cross data are data stored | thorough summary
Freshwater Flow Systen frequencies, | season sectional checked and | as .csv metadata stats are
NPS Monitoring Protocol including 60 | calibration channel cleaned, format and | includes base| compiled for
SWAN minutes profiles Aquarius SQlLg attributes, each site
2011 74 pp. ¢5°to ice free duringhigh | time series Aquarius FGDC
+45°C May-Sept & low flow | software database | standards
Water Temp Data Logge +/-0.2°C | 15 minutes | checks at 10cross data are data are basic site daily
Protocol for Cook Inlet 0°C & 20°C | sectional checked and | .csv files: metadata summary
Cook Salmon Streams pre and post| temps cleaned by entered attributes are | stats are
Inlet- | 2008 13 pp. -4°Cto ice free deployment | considering | graphing data| A y (i 2 ¢ stored for compiled
keeper +37°C May-Sept high & low | annually STORET each sensor | annually for
flows Data each site
Warehouse
Guidelines and Standar( +/-0.2°C | variable pre & post 10-20 cross | data are data can be| thorough annual and
Procedures for frequencies | deployment | sectional checked and | exported metadata monthly
USGS Continuous Water calibration | profiles cleaned as .csv includes base| summary
Quality Monitors checks plus | during high format attributes, stats are
2006 74 pp. 0°Cto 3inseason | & low flow from NWIS | FGDC compiled for
+40°C checks periods database | standards each site
Measuring stream Range of | recommend | checks at general instructions | database | list of daily
temperature with digital | accuracy | 60 minutes | 0°C & 20°C | guidance- | for graphical | for attributes: statistical
RFEGF 23385 listed pre and post| re: spatial error archiving unique ID, summaries
USFS guide deployment | hetero- screening large set of | source are compiled
2005 18 pp. -4°Cto minimum 1 gereity records agency, and weekly
+37°C month data contact info, | stats

lat/long, freq.
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Stream Temperature Data Collection Protocol for Alaska
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BACKGROUND

Water temperature is one of the most significant factors in the health of freshwater ecosystems.
Temperature affectprimary production invertebrates, and fish in running waters (Hynes 1970).

For salmon specifically, temperature affects survivorship of eggs and fry, rate of respiration and
metabolism, timing of migration, resistance to disease and pollution, and availability of oxydjen a
nutrients (Richter and Kolmes 2005). Due to the critical role that water temperature plays in the
function of aquatic ecosystems and because of growing concern about climate anrdsand

AYLI OGa 2y !'ftlallQa FTNBaKgl destibdhasindrensedidrecens I G S NJ
years.

Streamtemperature data collection is relatively easy with the availability of low cost data loggers
with good accuracy and reliabilityContinuous data loggers can be deployed across a range of
habitat types, progammed to collect data at a variety of intervals, and require little maintenance.
As a resultstreamtemperature data are often collected as part of research and monitoring
programs to meet various projespecific objectives.This provides a valuablgportunity to
compileand synthesizdatasets across agencies and organizatinlaska to understand broader
regional patterns; however, minimum data standards need to be established to ehestiarquality

and comparability.

This protocol was developespecificallyo establish the minimum requirements necessary to make
streamtemperature data collected across Alaska useful for understegrégional scale patterns
andclimate relatedrends By meeting the minimum standards discussed within, invesirgatan
collectdata potentially usefulor both projectspecificneedsand other resources managers and
decision makers, now and in the future, thus gaining a greater return on their monitoring
investment.

We hope that investigators will consider these minimum standarasn developing a monitoring

or study plan, and collect comparabi&ream temperature data that can be useful for other

analyses whenever possibla.some cases, one rigorous quality assunge methods or shorter

sampling intervals may be necessdfprtunately, these decisions will not preclude the usefulness

of these data for regional analysis as these are amlymum standards. We realize thaome
projectspecific needs, particularlyleded to sampling location, may not be compatible with these
standards and will not result in useful data at a regiceale. Nevertheless Alaska, where travel

costs can eat up field budgets quickly, voluntary adoption of minimum standards whemaddeso

will go a long way to help stretch limited research dollars and, most importantly, to generate

Gl tdz2h 6fS RFEGIFASGA F2N)dzyRSNBGOFYRAY3I GKSNXYI € LI
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SCOPE

The goals for developing thisotocol areto faciltate morestreamtemperature data collection
reduce the variability of data quality due tlisparatesamplingmethods and ultimately, to
generate more robust datasets to assess regional patternchmate-relatedtrendsin Alask& a
freshwater systemsThe protocol descriterecommendations and minimum standards for the
selection,accuracyplacement, maintenanceand retrieval of water temperature data loggers
guality assurance procedures and data managemertis information is written for a general
audience teencourage broad participation among agencies and organizatwosghout Alaskan
collectingstreamtemperaturedata.

This protocols not meant to supersede existing agerspecific protocols biinstead to provide

guidance for entities with an interest in making their data as broadly useful as possible. Tips and
recommendatios NE 2FFSNBR (2 FRRNBXaa !'flFaillQa dzyAldz
movement, high flow events, wildlife tgmering and remote access which all need to be considered

when establishing a sampling site.

PREPLACEMENT PROCEDURES

Developing a Monitoringor Study Plan
It is important to develop a monitoringr studyplanbefore heading to the field In general, this
plan should document:

1. your objectives for collecting data,

what specific types of data yowill collect,

how you willmanage and analyze the data

what instruments and other equipment you will use,
where, when and how often you wibllect data,

who will beresponsible for collecting the data,

how you willassure the quality of the datand

how andwith whomyou willsharethe data.

© NOoO A~ WD

Through the process of answering these questions, you should gain a clear understanding of all that
is required of a weltonceiveddata collectionprogram. The time you invest in the office
developing a plan will pay off when you head to the field. Witibbe able to make more confident
decisions about site selection, logger placement and the type of information you should document
on site if you have done your homewo#nd proper planning yields further dividends years after
collection when high qudli data are available faiegionalanalysis.
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Selecting a Data Logger

Temperature data loggers anecessaryor collecting continuous temperature data records. The
price of temperature data loggers continues to decline while their reliability and eases®f
continues to improve. There are many manufacturers and models of data loggers from which to
choose(see Appendix for exampled Youneed to consider a few factors when selecting a data
logger. The followingpecificationsare recommended:

1. submersibé, waterproof logger

2. accuracy x02°CU MINIMUM STANDARD
Accuracy is a mease of confidence that describdé®w close a measurement is to
Ala valueNdzS €

3. measurement range4’ to 37°C (24to 99°F)U MINIMUM STANDARD

4. resolution <0.8°C
Resolutiorrefers to the smallest detectable increment of measure afggerand
needs to be less thathe accuracyange.

5. programmable start time/date

userselectable samplinfrequencyinterval

7. memory/storage capacity
Af 2 3 3t6ragPe éapaditynustallow you to collect data at your desiredmpling
interval(i.e.30 minutes, hour)for as long as you expect to deploy it (i.e. 1 month,
1 year)

8. battery life
Some loggers have factory replaceable batteries and others haveeaceable
batteries which should last 5 years with typical usk.the logger does not track
batterypoweE 6S adz2NB (2 R20dzySyid GKS f233SND:
out of circulation.See Appendix E for an exampleagfensordeployment history
log.

o

In addition to the data logger, you will need to purchase the appropriate software and a connector
cable from your computeratthe data logger If it is an option, you also may want to buy a shuttle
which allows you to download the data in the field. By downloading glata periodically, rather

than at the end of the entire sampling period, you reduce the risk of losing significant amounts of
data. This is particularly useful if yave concerned about vandalisrigh flowevents or ice
conditions

***Note: Discrete meaurements taken at one moment in time during a site visit with a hand held
thermometer or probe are not useful to understand regional trends, although theylbeayseful
for other objectives, including as a quality assurance check on a continuous logger.
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Accuracy Check

It is important to checland documenthe accuracy of the data logger(s) befamed after field
deployment. This is a relatively simple procedure and will giveaymlifuture usergyreater
confidence in the quality of your data and help peat the collecton of erroneous dataWe
recommend that loggers go through an accuracy ctedkast once gear. If you arecollecting
data for multiple years at a site, you should swap loggers out once a year if pdsgibleols, data
sheets orelectronic spreadsheets areighly recommended to keep data logger information
organized and easily retrievabl&ee AppendiEfor an example o$ensoraccuracy checlog.

MINIMUM STANDARN The accuracy aftemperature data loggemustbe checkedn awater

bath at two temperatures: i and 28Cbefore and after field deployment using\ST (National
Institute of Standards and Technology) traceable (calibrated and maintained) thermometer
accurate to+0.25°C.

**NOTE: NISTcertifiedthermometerscan bdiquid-in-glass thermometerer they can be a data
logger which has been NIS&rtified. In either case it is important to confirm the accuracy of the
NISTcertified thermometer is at least0.25°Cwith a resolution of <0.2%. We recommend a4
point (0, 10, 20, 3% calibration. It is good practice to send your Ni&drtified
thermometer/logger back to the manufacturer for-galibration every two years.

To perform an accuracy check, conndw loggerto your computerwith the appropriate data
logger software installed. Program the logger to record data at a short recording inteimab(
minutes workwell). Be sure the cloakn the computerused to launch théogger and the clock
used during theaccuracy checkrocedure aresynchronized For efficiencyywe recommend

calibraing a groupof loggers at the same time.

Once a batch of loggers has been launched (i.e. programmed and started), submerge them in

water bath held at room temperature@pproximately20°C). Asecond bath should beooled with

iceor coldpackdn a large cooler or other covered and insulated containayet the temperature

down to as close t6°Cas possible Verify that each bath is uniform temperature (mixing may be
required). Place the launched loggers in @miethe baths long enough to equilibrate to the
temperature of the bath(approximately30 minutes. a | 1 S adzNBE S| OK f 233 SN

submerged.

After the equilibration period, measure and record water bath temperatures with the-bd8ified
thermometer as close to the time the logger is recording a measurement value as po#sjole.

have a data logger that is NI&8rtified, launch this logger at the same short recording interval and
place it in the water bathvith the loggers you are checkinake at least 3 measurements. Once
the water bath temperature measurements have been recorded, place the loggers in the second
bath, allow them to equilibrateand repeat the procesdf yourmonitoring or study plan requires
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particular accuracy in a smaller temperature range, you may want to add additional water bath
checksat different temperatures.

Once the loggers have been exposed to both temperatures, remove the loggers fraecib ed
water bath, connect to your computand display odownload the data. Compare the logger data
to the NISTcertified thermometerlogger readingand record both valuesin your logbookor
datasheet If a reading from a data logger msore than 0.25°C from the NISTcertified
thermometerlogger, set this logger asidelfalogger fails an accuracy check a second time, do
not deploy this logger in the fieldind contact the manufacturer about returning the logger if it is
still under warranty.

Sampling Frequemry/Interval

After you have completed thaccuracy checirocedure, relaunchthe loggerin preparation for
going into the field.Program the logger to collect dataatl hour sampling frequency. Ahbur
sampling frequency will ensure you capture the daily range of variability between daily maximum
and minimum temperatures at a resolution useful for regional analg&sthe 1 hour interval to
begin on the hour (1:0@®:00, etc) so yowan easilysynchronizduture quality assurancéeld
measurementss A 0 K (0 KS f 2 3 3.§0uay albidSed 2 sNdrér yitarval(1%6 MiSutes, 30
minutes) if your projecspecific objectives warrant it.

MINIMUM STANDARN Collect data ata 1 hour sampling frequency.

Sampling Period

Werecommend collecting water temperature data ygaund aghe annual thermal minima may

be changing faster than the annual maxima. If your project objectives are to capture the highest
annual emperature, loggesshould bedeployedfrom June X August 31 If you plan to leave the
logger in during the winter, you should give additional consideration to the deployment method
and how it will respondo ice conditions.We recommendieploying muliple loggers at a site to
increase your chances of recovering yeaund datalLoggers can be swapped out nyiear if there

are concerns about battery life or storage capacity.

MINIMUM STANDARN Collect at leasbne month (calendar) of data.

PLACEMENTPROCEDURES

Site Selection

The specific stream and reach selected for logger placemendetermined by the goals and
objectives laid out in your monitoring studyplan.We encourage you to consult tii¢aska Online
Aquatic Temperature Site (AKOATHp://aknhp.uaa.alaska.edu/aguatiecology/akoat}¥ to
determine if your sampling efforts could fill data gay if historical datasets exist in your area of
interest. This may provide some guidance for sites with reasonable access and point you to a
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contact person to discuss logistics or potential collaborattease of access should be a major
consideration wha selecting a site. You will be able to do more quality assurance checks and
retrieve datamore frequently if you can reach the site without excessive travel costs or safety
concerns.

Logger Placement

Once on site, you need to identify a stable locatwithin the reach Look for a location with
uniform depth across the stream chanmekeduce the risk of dewatering at different water levels.
High velocityhahitats, such aghose foundalongthe outside banlof a bendor in the deepest part

of the activechanne] should be avoidetb reduce the likelihood of losindagger during high flow
events. Low velocityhabitats like those along thansideof a bendor in backwaterpools shoud

be avoided because sediment deposition may bury the logdJeo awid areas with evidence of
slumping banks or beaver activity. Consider the extent of tidal influence during the highest tides of
the year if your reach is nean estuary othe confluence with a larggdally-influencedriver.
Additional consideration shdd be given to human activity in the area. If you are near awgelt
fishing spot or there is notable foot traffic in the area, you should consider finding a spot that is not
obvious to reduce vandalism and accidental snaggi@gr recommendtion is to deploy two
loggers at a sitéo help reduce the impact of losing data from placing a logger in an unstable
location within a reach.

Onceyou havdounda stable location, you need tteploythe logger in a welixed section of the
stream channel. Places with unique
temperature characteristics, suelsoff-
channel habitat, groundwater upwelling | =
areas, or anthropogenic features (e.g|/
dam or point discharge), should be| i
avoided. Wellmixed waters can often
be found in theactive channelor the
leadingedge of a river bend (Figure.1)| .
Shaded sites with moderately turbulent| . :
flows tend to make good logger
placement spots.

The active channel or the
leading edge of a river bend

(near the active channel) are
usually the best locations.

Fgure 1. Dashed green circles represent s,
examples ofthe bestlocations to placea
logger (Ward 201). The active channel is
wetted during and above winter base
flows.

Possible Locations

Stream Cross-Section
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MINIMUM STANDARIY Take five measurements across the stream width with a hdredd
thermometer or temperature probe, which has beelmeckedn the lab/office with a NISTertified
thermometer, to verify that the site isvell-mixedo A ®S ® @ IC)MdriZoatallpkandivertically
before you deploy the logger

If atransectis not welkmixed, select another location. Consider moving downstream if you are
below a tributary or lakeutlet to find more homogenous temperaturdéyou are on a large, slow
moving river, there may be differences in the surface water temperature and the bottom
temperature.The presence of fine sediments creating a mucky bottom is evidence that the water
column may be stratified and a significant temperature difference may exist. If you think this may
be the case at your site, extra care must be taken to document the vertical stratification of your
stream reach. Toohey et al. (2014) and Wagner et al. (2p@ide additional guidance for this
situation.

Once you find a location that is well mixed, record these temperature readings on your field data
sheet (see documentation section below). We recommend that you take these transect
measurements during albur site visits tawonfirm the site is welimixed ata variety of flow levels

***Note: Hand-held thermometers or probesan be purchased from a variety of suppliers (see
Appendix A). It may be most cost efficient to buy a muiabe model that will meea variety of
water quality monitoring needsFor example, a good conductivity probe will also have a
temperature probe that may be adequate to do the field checks.

Deployment
If the logger does not come with a protective case, it should be placedonsing to protect the

equipment from natural, wildlife or human disturbance. Housings are simple to make, inexpensive,
provide shade for the logger, protect the logger from moving debris, afav for secure
attachment with a cabldvlake sure the housmpallows for good water circulation past the logger
YR GKIFIG GKS K2dzaAy3 FyR f233SNRa aSyaz2N | NB
An example of adusing design and the equipment needed to constroe are described in
AppendixB.

The choices you make to secure a logger at the site will have the greatest influence on your success
in_collecting stream temperature datdVvhen selecting youdeploymentmethod, be sure to
consider how it will work at high and low flows, how much streambed movement therehs at

site, and how to prevent people from tripping over rebar, sand bags or cdblgsu intend to

leave a logger in stream over the winter, yowedd¢o consider how ice movement might destate

the anchoring method. If you are working in a new location and do not have a good understanding
of how much the stream bed moves in high flows or what the ice movement is in the spring,
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consider deployingwo loggers using different anchoring methods to see what works best.
Methods for securing data logger are described in Appendix

Considering the high cost of travel and logistics compared to the relatively low cost of equipment,
we recommend deploymat least two data loggers at a siteis possible that you might lose both
loggers due to high flows or ice movement, but less likely that you would end up with no data due
to tampering, logger failure, or poor deployment placement. In addition, theosd logger
provides an excellent source of data quality assurance.

Documentation

In a writein-the-rain field noteboolor deployment data sheetecord a thorough description for
each site to help ensure the loggsycan berelocated and to account fdactors that influence
water temperature. The site description should, at a minimum, include water body name, latitude
and longitudedatum,a site map, photographs of the site (upstream, downstream, and atltess
channe), instantaneous water temperatar date and time of the actual placement, and lodger
serial number. Directions to the site from relatively permanent landmarks should be rec@ded.
AppendixEfor an example of a deployment data sheet.

Depending on the objectivesf your data collection effort additional measurements or
observations may be useftibr interpreting stream temperature data. Parameters that can
influence temperature measurements include, but are not limited to, water depth, water velocity,
stream discharge, chaehwidth, solar input, distance from the stream bank, overhead cover, and
air temperature. You should consider measuring these parameters if they are relevant to your
monitoring objectives.

***Note: Air temperature data collection is beyond the scope bistprotocol; howevg
investigators often utilize the relationship between water temperature and air temperature to
predict future changes in stream temperature. Consequently, if and where to collect air
temperature data are common concerns. Airport weatlstations and SNOTEL sites are good
places to start to see if air temperature data are being collected near your water temperature site.
Air temperature data collected from coastal locations may be strongly influenced by coastal
processes andhus not be a good data source for watershed patterns. If understanding the
relationship between air and water temperatures is important for your pregcific objectives,

we recommend collecting a year of air data near your water logger to compare wién déta
sources. This will help you determine if you should continue to collect air temperature data in
conjunction with your water temperature data collectiofir temperaturecan be collected with

the samdoggersused to collect water temperature; howewthey muste secured withirasolar
shidd. The solar shield and logger should be attachea post or suspended from vegetation at
least6 feet off of the ground an®&0 - 100 feetawayfrom the stream so thaair cooled by the
stream does noinfluence your air temperature data.
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Maintenanceof Logger Installation

Whenever feasible, it is recommended to visit the site monthly to maiesadity assuranceheck

and any neededhaintenanceto the housing or deployment equipmeni fieldvisit is especially
important if high flow conditions have occurred since deploymehthen a visit is made, record
the date, time, and instantaneous water temperatureake the water temperature measurement
within a few minutes of an expected logger temperature readirglagger validation check. Use a
handheld thermometer or temperature probe that has been checked in the lab/office with a NIST
thermometer. Verify the siteis still well mixed by recording measurements across the stream
channel. Check the security ohe housing and deployment equipment and adjust if necessary.
Remove debris or sediment buildup. Record and photograph anyus@dr habitat changes that
are relevantSee Appendikfor an example of a quality assurance and maintenance check data
sheet

RETRIEVAL PROCEDURES

When you arrive at the site to retrieve the log@er document the condition of the site and the
logger. Record whetherachlogger is still in the water and any signs of vandalism or disturbance.
Also,perform one more quality ssurance check anecord the date, time, and instantaneous
water temperature at the time of retrievallf you are swapping out a logger with a new one and
time allows, get at least one overlapping reading with both loggers in the stréiayou are not
deploying another logger at this locatipremove all equipment from the site including repar
cablesor sandbags from the stream channel.

DATA HANDLING PROCEDURES

Download Data

Depending on the type of logger used, data may be downloaded periodicahy iiretd with a

shuttle or you may need to remove the data logger from the site and connect it to your office
computer. The temperature data logger should be gently wiped to remove any biofilm or sediment

that may affect its ability tcommunicate Thedgger should then be connected and downloaded
dzaAy3d GKS YIydzFlF OGdzZNENRa LINPOSRdAzNB&a F2NJ 6KS R

Once the data have been downloaded by the data logger software packagecommendyou
export the data into aspreadsheet file formage.g, Microsoft Excel) This will allow for greater
dataevaluationmanagementand sharing. You should also save the file in a universal (i.e. non
software specific) format such as.esv file as a backup to avofdture software upgrades
preveningyou from operingolder spreadsheefile versions.

Quality Control
It is important toverifyand documenthe accuracy ohdata logger after field deploymenEollow
GKS &l YS LINPOSRdzZNEa RSaONMOSR flayempefatSre l8gged O dzNJ O
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fails apostdeploymentaccuracycheck (i.ewater bathreading is greater than P5°Cfrom the

NIST), then anothesiccuracycheck must bgerformed.If the logger fails an accuracy check a
second time, do notre-deploy this logger Field data collected using this logger needs to be
carefullyevaluated. The raw data should be checked against the instantaneous temperature
measurements taken during maintenance site visits to see if there is any evidence that the logger
accuracy drifted since there-deployment accuracy chedksite visit measurements do noteet

the accuracy goal al.25°C, these data doot meet the minimum standards for regional analysis.
Document this accuracy failure prominently.

Data Evaluation

After you have successfuttpmpleted the postdeployment accuracy check on a logger, you need

to further evaluate the field collected temperature data. The following steps will give you and
Fdzi dzNBE dzaSNBRQ O2yFARSYOS Ay (GKS @lIfARAGE 27
sumnmarized and reported.

1 Delete emperature data collected before or after the deployment persidce thedata
loggerisrecording air temperature datérigure 2) Field notes from the deployment and
retrieval events will provide the dates and times nesmy to identify the deployment
period.

1 Comparenstantaneous temperature measurements collected during maintenance checks
to the data logger measements to confirm you have met the accuracy goat@P5°C.

1 Graph the data tadentify anomalous data that might result from the data logger not being
submergedFigure 3pr beingburied in soft sediment (Figure.4)

Sowder and Ste€R012)and Toohey et al. (201g)yovide additional examples ofsual checks for
anomalous data, including whernl@ger becomes encased in ice.

MINIMUM STANDARY Remove erroneous data from dataset.

hyOS &2dz KIS R20dzyYSy (i SR I yR,chdRetatas& ReedS e v S 2 dz3
packaged for sharingnd storage.
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Figure2. Examp of raw water temperature datet with air temperature data collected before
and after the deployment periotircled.
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Figure3. Example of raw water temperature dataset with air temperature collected due to the
logger getting caught up on a stream bank for a good period of time (circled).
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Figure4. Example of raw water temperature dataset with a noticeable change in the daily
temperature range due to burial of the logger in ssdidiments.

Data Sharing
The minimum standard for sharing data is quatipntrolled hourly data, which providethe

information needed to characterize all aspects of a stream's thermal regiesdo recommend
summarizing your data into daily maximum, mean and minimum values even if this is not a-project
specific need. Taking this additional data handling step may reveal anomalous data not found
during data evaluation, and from these values a wideetgrof other metrics can be calculated
RSLISYRAY3I 2y FdzidzNE dzaSNARAQ ySSRad ! RRAGAZ2Y ! f €
requests a welcome opportunity for data sharing and not an untimely, onerous future request.

Daily summary statistictieuld only be calculated for quality controlled data with at least 90% of

daily measurements (e.g. 22 hourly measurements).

MINIMUM STANDARE Make water temperature data available gsality-controlled hourly
data

Data Storage
The investment of resources purchase, deploy and retrieve loggers, and then process the data

deserves reasonable measures to insure against inadvertent losses. Water temperature data
should be stored in a digital table format that is software neutral, such as comma separatesl val
(.csv) file format Data managers should make backup copies ofitie Aagd-déilf@ata and store

this information on a separate computer, preferably at an alternate physical locaibaitionally,
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data and associated metadata (see below) neebdstored in at least two locations, with one of
those locations beingyblidy accessibleData files should be named so that their content is
recognizable such as with a unique site numbeanamecoupled with year(s)f the dataseie.qg,
Site047_2014.csor AnchorRiver_2012_2018aily.csv).

In addition, metadatamusi S a0 2NBR gAGK GKS GSYLISNI GdzNBE RI G
0 KS RI thowwhenhhdibywhom a partidar set of data was collected.dthdata @anbe a

singk table describing atif yourtemperature monitoring locations which could be linked to the

data files via a unique site identifier gpou can keegseparate metadata files for each sitSee

Appendix D for metadata guideline¥/e strongly encourage invégators to submit project

metadata to AKOATShttp://aknhp.uaa.alaska.edu/aquatiecology/akoats).

MINIMUM STANDARW Storetemperature cataand associated metadata .csv formain two
locations Metadata shall include the following attributes: unique site identifier, data source agency
or organization name and contact informatiatatum, latitude, longitude, and sampling frequency

37


http://aknhp.uaa.alaska.edu/aquatic-ecology/akoats

LITERATURE CITED
Hynes, H.B.N. 1970. The Egpl@f Running Waters. University of Toronto Press. 555 p.

Richter A. and S.A Kolmes. 2005. Maximum temperature limits for chinook, coho, and chum
salmon, and steelhead trout in the Pacific Northwest. Reviews in Fisheries Sciencet9.3:23

Sowder, C., anB. A. Steel. 2012. A note on the collection and cleaning of water temperature data.
Water 4:597606.

Toohey, R. C., E. G. Neal, and G. L. Solin. 2014. Guidelines for the collection of continuous stream
water-temperature data in Alaska. Page 37. Restfrginia.

U.S. EPA. 2013. Best practice for continuous monitoring of temperature and flow in wadeable
streams. Page 123. Washington DC.

Wagner, R. J., R. W. Boulger, C. J. Oblinger, and B. A. Smith. 2006. Guidelines and standard
procedures for continuousvater-quality monitors: station operation, record computation,
and data reporting. Page 96. Reston, Virginia.

Ward, W. 2011. Standawperating procedures forcontinuoustemperaturemonitoring offresh
water rivers andstreams. Washington State Departmeuoit Ecology.

38



APPENDDA
Additional Resources

1. Example®f data logger modelthat meet minimum standards:
TidbiT v2, HOBO Pro v2
Onset Computer Corporation, 800.LOGGERSy.onsetcomp.com
YSI 6920 V2 sonde
YSI Incorporated, 800.765.49Tyw.ysi.com
Levelogger Edge
Solinst Canada Ltd., 800.561.908&w.solinst.com

2. Learn more aboulNational Institute of Standards and TechnoldyIST)www.nist.gov

w

Examples of NISGertified thermometer/loggerand handheld field thermometesuppligs:
Thomas Scientifi@00.345.2100www.thomassci.com
ColeParmer 800.323.4340www.coleparmer.com
Onset Computer Corporation, 800.LOGGERSy.onsetcomp.com
Hanna Instruments, 800.426.628¥ww.hannainst.com
HACH Company, 800.227.4224yw.hach.com

4. bl GdzNF £ wSaz2dzNOSa /2yaSNBFaGA2y { SNBAOSQa {bh
NRCS installs, operates and maintains an extensive, automated system call SNOTEL (short
for Snow Telemet). SNOTEL is designed to collect snowpack and related climatic data in
the Western U.S. and Alaska.
http://www.wcc.nrcs.usda.gov/snow/about.html

5. bh! ! Qa bldA2yLrt [/ fAYFGS 5FG1F 1/ SydSNJ
NCDC isesponsible for preserving, monitoring, assessing, and providing public access to
the Nation's treasure of climate and historical weather data and information.
http://www.ncdc.noaa.gov/

6. Scenarios Network for Alka & Arctic Planning
SNAP develops plausible scenarios of future conditions through a diverse and varied
network of people and organizations, which allow better planning for the uncertain future
of Alaska and the Arctic.
http://www.snap.uaf.edu/
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APPENDI8
Housing Construction

PVC housings are very simple to make, inexpensivel$),@rovide shade for the logger, protect
the logger from moving debris, and provide for secure attachment with a cable.

Thedata logger is suspended in a PVC pipe that allows stream water to flow through but prevents
solar radiation to penetrate. Black PVC provides more camouflage than white PVC for sites where
vandalism is a concern. In clear water streams heat absorptidhebglark surface may be an
issue if there is no shading from the streaside vegetationywe recommendvhite PVC.

Here's a supply list to make the housings:

H &ch 40 ABS pipe (1' length)
H OWV clean out plug (2)

H DWV female adaptor (2)

| o ky ¢ZEeya bolt (1)

| y cable ties

Multi-purpose cement

| Assorted nuts and bolts
SNAff YR okKyé

Glue the female adapters to each end of the PVC pipe. Drilkahale

| throughoneclean out plug fothe eyebolt to gothrough. Secure the eye
bolt through the clean out plug with appropriatzed nuts and badt Drill at
least 2& mhwlesdnthe PVC to allow water flow. Use a cable tie through

| drilled holes to suspend the data logger in the housing. Additional cable ties
14 can be used to sece rocks in the bottom of the housing to weigh it down.
Screw the clean out plugs into the female adapters.
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APPENDIXC
Deployment Methods

Rebar or Duckbill Method

This method is preferred for streams with moderate movement of the streambed during high
flows. The protective case or PVC housing is attached by a cable to arébar duckbill earth
anchor. Use a stake pounder to sink the relslown about3 feetor to drive the duckbilinto the
stream bottom near a large rock or other landmark.

Stream Bank-Secured Cable Method

This method is preferred for streams with significant movement of the streambed during high
flows. In this method the logger in psotective case or PVC housisgecured to the stream bank
vegetation using plasticoated wire rope.

The loggerand something like a-gound
halibut weightare secured to the wire rope
using a wire rope clip. Upon deployment the
cable is wrapped around large tree, rocks,
bridge supports, or other secure object withi
or on the stream bank. The logger is then
placed within the stream channel. The cabje
should be hidden under bank vegetation tp
avoid vandalism or accidental disturbance.
Try to avoid dcations where the cable wil
cross active fishing or wildlife trails.

=)

D
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Sand Bag Method

This method is preferrednly for streams with minimal movement of the streambed during high

flow events. Sturdy sand bags can be purchased at most hardware stores. Fill the bag on site with
any mineral material (large rocks, cobbles or sand). Avoid organic material which isuafy@mt

The logger, in its protective case or PVC housing, can be attached to the bag by weaving a cable tie
through the mesh. The bag can be tied off with a rope to the stream bank for extra sedury.

rope should be hidden under bank vegetatioratmid vandalism or accidental disturbance. Try to
avoid locations where the rope will cross active fishing or wildlife trails.

Epoxy Method

This method requires the presence of a large rock or bridge support on site to attach the epoxy.
Seehttp://www.fs.fed.us/rm/pubs/rmrs_qgtr314.pdfor a completedescription.

Isaak, Daniel J.; Horan, Dona L.; and Wollrab, Sherry P. 2013. A simple protocol using-terderwa
epoxy to install annual temperatureanitoring sites in rivers and streams. Gen. Tech. Rep.
RMRS5TR314. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 21 p.

Figure 2—Equipment needed to install annual stream temperature monitoring sites includes: (a) two-part FX-764
epoxy from Fox Industries, (b) PVC canister solar shield, (c) temperature sensors, (d) cable tie, (e) plumber's tape,
(f) rubber gloves, (g) plastic viewing box, (h) wire brush, and (i) metal forestry tag.
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APPENDIX D

Met adata Guidelines

Using common metadata will allow researchers to quickly assess monitoring data from various sources to determine whipgh might
appropriate for a given project. Regional scale water temperaamadyseswill require scientists to use data from numerous

sy a2NBR a2dzNOSR FNRBY Ylye [3A3SyOAaASad ¢KS NBASINOKSNARQ dzy RSNRG I
metadata attributes and formats.

Here is an example of the data fields and formats that serve as the core AKOATS metadata elements.

WHO WHERE WHAT WHEN
Site ID Source Name Contact Datum Lat Lorg Type Start Daté End Date Status Sample
frequency
Unique site Data Source Name of | Horizontal | Sensor Sensor | Water- Initial date Final date Sensor Time
identifier agency or key reference | Latitude | Longitude| body of data of data operational | (minutes)
from source | organization using contact point for (decimal | (decimal type: collection collection status between
agency ADIw{ list and person various degrees)| degrees) using temperature
naming for data | coordinate S= ADlwg recordings
conventions of | source | systems stream domain
organizations | agency L= list*
(n=105 groups) lake
Anchor River CIK Sue WwGS84 59.77300 | -151.83400 S 06/01/2008 | 09/30/2014 | OnGoing 15
Mauger
mutsk02 uaaAKNHP Dan WGS84 59.81700 | -155.76492 S 06/15/2013 | 09/25/2014 | OnGoing 60
Bogan
kdk_karlk01 fwsakKodiakNWH Bill Pyle NAD83 57.35424 | -154.03836 L 09/10/2011 | 09/30/2014 | OnGoing 60
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! Note: complete set of agency source names available via the AKOATS project website
2ADlwgc Alaska Data Integration Working Group

*DD/MM/YYYY format

* Completed OnGoing Planned
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APPENDIXE
Data Sheet Templates

SensorAccuracy Chedlog

Sensor DeploymertdistoryLog
DeploymentData Sheet

Quiality Assurance/Maintenance Check
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SensorAccuracy Checkog

Serial # Logger Manufacturer/Type
Pre-DeploymentAccuracy Check PostDeploymentAccuracy Check

Date Logger NIST Difference Pass? Performed Date Time Logger NIST Difference Pass? Performed
Temp Temp (Loggerg <#0.25C by: Temp Temp (Loggerg < +0.25C by:
Reading Reading NIST) from NIST Reading Reading NIST) from NIST




SnsorDeploymentHistory Log

Serial # Logger Manufacturer/Type Purchase Date

Pre Launch | Battery | Deployment | Location/ Retrieval Data Battery | Post Data evaluation completed
deployment date level Site ID download Level: | deployment

accuracy Date | Time Date Time date accuracy Date By

check (Y/N) check (Y/N)




WATER TEMPERATURE DATA COLLECTION
Deployment Data Sheet

Stream Information

Stream Name: Site ID:

Field Crew:

Agency/Organization:

Directions to Site:

Water Logger Information Sampling frequecy.

Logger Type: Date placed in stream:
Serial #: Time placed in stream:
Instantaneous water temperature: Time of measurement:

Air Logger Information (if applicable)

Logger Type: Date placed in riparian zone:
Serial #: Time placed in riparian zone:
Instantaneous air temperature: Time of measurement:

Site/Reach Information

Verified site is well mixed? yes/no Instrument used:

Transect Measuremeni#eft to right):

Site represents: channel upwelling tributary lake outlet  point source

Habitat type of water logger placement: riffle pool run other

Deployment method: rebar in stream banksecured cable sandbag epoxy other

Channel depth (m): Channel width (m): Elevation (m):

Channel flow status:100¢ 90% filled 90-75%filled 75-50% filled <50% filled
GPS:Datum: N Latitude W Longitude
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Stream name Date:

Photo Documentation

Camera used: Total # of photos taken:

Description of photos:

Detailed sketch of site should include stream aspect, landmarks like large boulders or other markers to help
locate the loggers, trails or otheaiccess points

Other Comments/Observations:

Page2 of 2



WATER TEMPERATURE DATA COLLECTION
Quality Assurance/Maintenance Check Data Sheet

Tip: Bring a COPY of the original deployment data sheet and photos with you to locate the logger.
Stream Information

Stream Name: Site ID:

Field Crew:

Agency/Organization:

Quality Assurance Check:

Verified site is well mixed? yes/no Instrument used:

Transect Measuremenieft to right):

Water Logger

Serial #: Sampling frequency
Date: Time: QAwater temperature:
Instrument used to take masuremens. Checked against a NITyes/no

Logger retrieved? Yes/no If yes, Time:

New logger deployed? Yes/no  If yes, Time: Serial #:

Air Logger (if applicable)

Serial #: Sampling frequency
Date: Time: QAair temperature:
Instrument used to take masuremens. Checked against a NT3 yes/no

Maintenance Check:

Remove any debris from the rebar or cable; rinse out any accumulated sediment in the housing, check the cable
wire for signs of wear. Note asgnsor fouling, burial or exposure that may have affected temperature readings;
signs of vandalisndescribephotographs taken or other relevant comments
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