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Preface to the Second Edition

| am pleased to have had the opportunity to revise the first version of this set of course notes for
the stream temperature models. In some ways, there have been many changes and in some ways
the notes have stayed much the same. Generally, | was satisfied that the notes were both
comprehensive and fairly easy to read. The exercises using SSTEMP have been upgraded to
reflect advances in the software. Some additional material was added to better cover
contemporary thremistors, and some, but not all, weak transitions and incomplete sentences have
been corrected. A comprehensive index was added in an attempt to make these notes as useful as
possible, and a few telling quotes have been added for spice. The goal has been to make this set
of notes as stand-alone as possible and keep the file size down to something that is easily
downloadable over the Internet today (March 2000).

Downsizing has generally been an advantage. The SSTEMP software has been rewritten for
Windows, so all the old DOS-related material was eliminated and replaced simply with an
Internet link to the new software and documentation. A set of Frequently Asked Question (FAQ)
material also has been added as a supplement, again as an Internet link. Unfortunately, many of
the most useful references originally supplied as photocopies had to be eliminated to make the
download size easy enough to deal with. You will need to do some library legwork on your own
if you want to follow up on some references that interest you.

Though SNTEMP is still in widespread use, more and more clients demand a Windows user
interface. Our budget and the level of use do not permit the expenditure necessary to accomplish
the software conversion at this time. Though several private consultants have expressed an
interest in providing "value added" front or back end software, nothing substantive has been
accomplished to date for SNTEMP.

I do not believe the days of a stand-up classroom training session for the temperature models are
entirely over. Though much use is being made of the models in the arcane world of Total
Maximum Daily Load (TMDL) analyses, there have not been many FERC hydropower
relicensing projects recently. Until the immediate demand resurfaces, perhaps in conjunction
with additional relicensing activity, these notes are what remain of the institutional knowledge
invested in years of training in collaboration with Dr. Terry Waddle. | hope they prove valuable
to you, either as a student or as an instructor. | say instructor because these notes may also serve
as an instructor's lesson plan in the event that stand-up classes return. Time permitting, these
notes will become a USGS Open File Report. 1 just hope that the material "lives” long enough to
pass beyond the time I retire and is successfully "transferred™ to the next in line, whoever that
may be.

Have fun!

John Bartholow
5/2/2000



Could Lewis and Clark have made the first documented use of a (mental) temperature model?

""The junction of the Wisdom and Jefferson presented a familiar problem. Which river to
follow? Lewis decided on the Jefferson, not because it was bigger (it carried less water
than the Wisdom) but because it was warmer, ‘from which I concluded that it had it's
source at a greater distance in the mountains'.” -- page 260 of Ambrose, S.E. 1996.
Undaunted Courage. Simon & Schuster, NY. 521 pp.




TOPIC #1: THE GRAND VISION:
ORGANIZATION OF COURSE AND AGENDA

Time: 0.5 hours
Format: Participatory Introductions and Lecture/Reading
Objectives: (1) Introductions B why are individuals here?

(2) Understand the roadmap to see the big picture.

OBJECTIVES/DESIRED OUTCOME
(1) Review syllabus
(2) Each Topic will include material directed to be sufficient to:
(a) accomplish objectives for that topic
(b) provide a summary of important material
(c) present Rules of Thumb based on experience (if appropriate)
(d) suggest additional readings for more advanced learning

(e) pose a few questions targeted at either recall, comprehension, synthesis, or evaluation,
and

(F) provide answers to those questions.

IF 312 SELF-STUDY COURSE SYLLABUS
INSTRUCTOR

John Bartholow

U.S. Geological Survey, Biological Resources Division
Midcontinent Ecological Science Center

4512 McMurry Avenue

Fort Collins, CO 80525-3400

US.A.

970-226-9319; Fax 970-226-9230

e-mail: John_Bartholow@USGS.Gov




REQUIRED MATERIAL

Theurer, F.D., K.A. Voos, and W.J. Miller. 1984. Instream water temperature model. Instream
Flow Information Paper 16. U.S. Fish Wildl. Serv. FWS/OBS-84/15. approx. 200 pp.

Bartholow, J.M. 1989. Stream temperature investigations: field and analytic methods. Instream
Flow Information Paper No. 13. U.S. Fish Wildl. Serv. Biol. Rep. 89(17). 139 pp.

Access to the Internet is required, along with this notebook, selected readings marked in bold in
each section, a calculator, and graph paper. Note that many figures and tables in this set of notes
were taken or adapted from the above references.

PREREQUISITES

The IF312 course content requires no prerequisite. However, IF100 is highly recommended to
see how stream temperature analysis fits into the framework of the Instream Flow Incremental
Methodology. It is assumed that all students are familiar with the computer's DOS operating
system.

PARTICIPATION AND EVALUATION POLICY

For proper completion of this course, students are expected to complete all of the required
reading and hands-on exercises. The depth with which material is covered is left to the students’
discretion, but all questions must be expressed and addressed either by the instructor or other
students.

A final exam is required, with successful completion being an indicator of initial mastery of the
material covered in the lessons. However, the exam will not be graded nor will academic credit
be supplied.

GOAL

This course’s goal is to prepare the student, self-study or otherwise, to comprehend the basics of
stream temperature modeling, to apply two specific models, and to evaluate the appropriateness
of these models for real-world, biological problem solving.

OBJECTIVES OF CLASS

After completing this course, the dedicated student should be able to:

a. Understand the theoretical basis for model, including its assumptions and limitations.

b. Be fluent in the stream geometry, hydrology, and meteorology components of the model, and
how combining these components creates a stream system description.
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c. Understand how to enter data, run, and interpret results from the network and stream reach
versions of model.

d. Be capable of calibrating the SNTEMP model given typical constraints, e.g., some data are
missing.

e. Be capable of using the model to estimate unknown temperatures for the baseline condition
and predict water temperatures under altered conditions.

f.  Depending on the needs of individual students, he or she will be prepared to either:

1. Conduct a “live” temperature investigation, including how to plan a cost-effective study,
gather needed input data, assemble that data into appropriate formats, and display results
in a communicative manner; or

2. Be able to review a completed study performed by another individual or organization, to
assure its quality by critically analyzing it’s modeling components and evaluating the
achievement of study objectives.

To accomplish the goal and objectives for this class, the self-study student must be willing to
independently read portions of complex technical material, work autonomously to comprehend
examples provided, and test his or her knowledge by hands-on application to lab problems.
Participating in a classroom setting will provide the additional dimension of collaborative, small-
team problem solving, and offer a wider perspective of viewpoints and approaches through
classroom discussions, and, occasionally, offer the opportunity for classroom presentations
and/or field trips.

An additional goal of this class is for the material and its presentation to improve through time.
Therefore, course evaluations will be routine.

ROADMAP

IF 312 is typically taught in a 36-hour week, Monday through Friday noon (Table 1.1), with
supplemental homework assignments. In a self-study format, the material will, of consequence,
be self-paced. However, it is urged that the student proceed in the specified sequence without
skipping any lessons to best cover the material. The lectures (or self-study material) and
exercises are timed and laid out approximately as follows:



Day 1 - Concepts and Terminology

Topic 1:
Time:
Format:

Assignment:

Objectives:

Topic 2:
Time:
Format:

Assignment:

Objectives:

Topic 3:
Time:
Format:

Assignment:

Objectives:

Topic 4:
Time:
Format:

Assignment:

Objectives:

The Grand Vision: Organization of Course and Agenda

0.5 hours

Participatory Introductions and Lecture/Reading

Review material

(1) Introductions - why are individuals here?

(2) Understand the roadmap to see the big picture. Each Topic will include
material planned to be sufficient to (a) cover a set of objectives, (b) provide a
summary of important points, (c) present Rules of Thumb based on experience
(if appropriate), (d) suggest additional readings, (e) pose a few questions
targeted at either recall, comprehension, synthesis, or evaluation, and (f)
provide answers to those questions.

Setting the Stage: Why Temperature Modeling?

1.5 hours

Lecture/Reading

Review notebook material

(1) Understand how modeling serves the “incremental” objective implicit in river
system impact assessment and management.

(2) Appreciate the full range of biological importance of stream temperature.

(3) Cover common applications for which the model has been used.

Temperature Model Overview

0.5 hours

Lecture/Reading

Review notebook material

(1) Understand capabilities of the models.

(2) Introduce components within the models.

(3) Introduce important terminology.

(4) Cover basic assumptions and limitations.

(5) Appreciate the big picture of a temperature study.

(6) Understand the distinction between baseline and “what-if” applications.

Introduction to Stream Segment Temperature Model

0.5 hours

Lecture/Reading

Review notebook material

Prepare students to run SSTEMP and other models on computer.



Day 1 (Continued)

Topic 5: Introduction to Stream Segment Temperature Model - Exercise
Time: 3 hours (with interspersed break)
Format: Small group hands-on exercise/Discussion

Assignment:  Assemble into small (3-5 person) groups and:
(1) Install SNTEMP program and data files.
(2) Skim SSTEMP documentation.
(3) Perform exercises given in workbook.
(4) Answer questions to exercises.
Objectives: (1) Familiarization with computer setup.
(2) Familiarization with component models.
(3) Recognize parameters and understand their definition.
(4) Get a feel for the sensitivity of model parameters.

Topic 6: Familiarity Doesn't Breed Contempt
Time: 1-2 hours
Format: Homework

Assignment: (1) Skim parts | and 1l of IP#16.
(2) Incorporate errata in 1P#16.
(3) Look through remaining course material.
(4) Be prepared to ask questions tomorrow.
Objectives:  Familiarization with location of information throughout the course material.

Day 2 - The Data File Jungle

Topic 7: Questions from previous day
Time: 0.25 hours
Format: Discussion

Assignment: Be prepared to ask for clarification.
Objectives:  Clarity, perspective, and understanding.

Topic 8: Lay of the Land: Spatial Description of Stream Network Layout
Time: 1 hour
Format: Lecture/Reading

Assignment: Review notebook material
Objectives: (1) Introduce three major logical components of temperature model.
(2) Define all node types and cover their connectivity.



Day 2 (Continued)

Topic 9:
Time:
Format:

Assignment:

Objectives:

Topic 10:
Time:
Format:

Assignment:

Objectives:

Topic 11:
Time:
Format:

Assignment:

Objectives:

Topic 12:
Time:
Format:

Assignment:

Objectives:

Topic 13:

Time:
Format:

Assignment:

Objectives:

How Time Flies: Temporal Description of Stream Temperature Model

1 hour

Lecture/Reading

Review notebook material

(1) Understand averaging periods and what that means for data collection.
(2) Understand theoretical constraints on model application.

Move It: Transport of Water and Heat within the Stream Temperature Model

1 hour

Lecture/Reading

Review notebook material

(1) Understand boundary conditions and forcing functions.

(2) Understand why SNTEMP is not a hydrology model.

(3) Understand the limitations of SNTEMP’s maximum temperature calculation.

Cooking It: Meteorological Influences

1 hour

Lecture/Reading

Review notebook material

(1) Introduce meteorological data requirements.

(2) Understand the definition of meteorological variables.

(3) Understand representativeness considerations in meta data.

Mixing the Ingredients: Overall Data File Schema for SNTEMP
0.5 hours

Lecture/Reading

Review notebook material

(1) Understand the full range of input files.

(2) Understand general file building sequence.

Spatially Organized Data Files: Skeleton, Study, Stream Geometry, Shade, and
Hydrology Node

1 hour

Lecture/Reading

Review notebook material

(1) Understand what data goes in which file.

(2) Understand specific file formats.

(3) Understand any defaults that are available.



Day 2 (Continued)

Topic 14: Temporally Organized Data Files: Time Period, Meteorology, Hydrology Data
Time: 1 hour
Format: Lecture/Reading
Assignment: Review notebook material
Objectives: (1) Understand what data goes in which file.
(2) Understand specific file formats.
(3) Understand any defaults that are available.

Topic 15: Covering the Bases: Data File Understanding
Time: 1-2 hours
Format: Homework
Assignment: (1) Review listings of input data files.
(2) Cross-check data elements with file formats to know what every element
means and where it goes.
(3) Be prepared to ask questions tomorrow.
Objectives:  Familiarization with data, file content, and file formats.

Day 3 - Making It Work

Topic 16: Questions from previous day
Time: 0.25 hours
Format: Discussion

Assignment: Be prepared to ask for clarification.
Objectives:  Clarity, perspective, and understanding.

Topic 17: Missing Pieces: Options for Handling Missing Data

Time: 0.5 hours

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Learn what kind and how much missing data can be accommodated by model.
(2) Understand distinction between data filling and smoothing.
(3) Understand consequences of each option for filling or smoothing missing data.
(4) Know where and how to select appropriate options.



Day 3 (Continued)

Topic 18:
Time:
Format:

Assignment:

Objectives:

Topic 19:
Time:
Format:

Assignment:

Objectives:

Topic 20:
Time:
Format:

Assignment:

Objectives:

Topic 21:
Time:
Format:

Assignment:

Objectives:

Orchestrating SNTEMP: The Job Control File

1 hour

Lecture/Reading

Review notebook material

(1) Understand the control features in the job control file, including titles, 1/0
switches, global calibration parameters.

Pushing the Buttons: Running SNTEMP

0.5 hours

Lecture/Reading

Review notebook material

(1) Understand seven SNTEMP model sub-programs and their sequence.
(2) Understand the job control update program (JBCNUD).

(3) Understand which sub-programs produce which output files.

(4) Understand how to run SNTEMP in a DOS environment.

Quality Assurance: Checking that SNTEMP is Getting the Input You Want
0.5 hours

Lecture/Reading

Review notebook material

(1) Understand the spectrum of output files from SNTEMP.

(2) Know where to look for echoes of the input data.

(3) Learn how to spot (and fix) potential or actual errors.

Got the Runs?: Your First Run of SNTEMP

1.5 hours

Hands-on Small Group Exercise/Discussion

Using the same small groups of 3-5 people carry out Exercise #21.1

(1) Know how to execute TDATCHK and understand any errors identified.

(2) Know how to fix common errors in input data files.

(3) Know how to execute SNTEMP and interpret its run-time, on-screen output.

(4) Know how to examine SNTEMP’s output files for errors.

(5) Know how to interpret SNTEMP’s goodness-of-fit statistics and understand
their limitations.



Day 3 (Continued)

Topic 22: Global Warming?: How to approach SNTEMP calibration through sensitivity and
error analysis
Time: 2 hours
Format: Hands-on Small Group Exercise/Discussion
Assignment: SNTEMP Exercises 22.1 through 22.5 (some optional)
Objectives: (1) Understand and apply general formulation of global calibration functions.
(2) Evaluate results from multiple global calibration parameters.
(3) Understand how model errors can be correlated with errors or biases in input
data using the TEXERR program.
(4) Understand how to choose a course of action in calibrating SNTEMP.

Topic 23: Digestion of Results
Time: 1-2 hours
Format: Homework
Assignment: (1) Review today’s activities and sort out as many questions as you can.
(2) Be prepared to ask questions tomorrow.
Objectives: (1) Internalize elements of calibration, model evaluation through goodness-of-fit
statistics, and utility programs.
(2) Be exposed to the most basic utility of SNTEMP.

Day 4 - Practical Considerations

Topic 24: Questions from previous day
Time: 0.25 hours
Format: Discussion

Assignment: Be prepared to ask for clarification.
Objectives:  Clarity, perspective, and understanding.

Topic 25: Field Data Collection: Practice and Problems
Time: 1.5 hours
Format: Lecture/Reading

Assignment: Review notebook material
Objectives: (1) Know which data may be gathered from existing sources and which typically
need to be gathered from the field.
(2) Know about various equipment for data collection, including thermographs
and meteorological stations, photo-gray cards, clinometers, and dye studies.
(3) Understand key cost-efficient considerations in field data collection.
(4) Understand types of field problems commonly encountered and learn
strategies for dealing with them.



Day 4 (Continued)

Topic 26:
Time:
Format:
Assignment:
Objectives:

Topic 27:
Time:
Format:
Assignment:
Objectives:

Topic 28:
Time:
Format:
Assignment:
Objectives:
Topic 29:
Time:
Format:
Assignment:
Objectives:

(5) Know how to estimate parameters for which data cannot be collected.

Lesser-Used SNTEMP Utilities

0.5 hours

Lecture/Reading

Review notebook material

(1) Understand capabilities of READRYAN and TSTATS.

(2) Understand distinction between time major and space major data display.

(3) Understand how spreadsheets can be useful in data file assembly and
modification.

Other SNTEMP Utilities

2.5 hours

Hands-on Small Group Exercises/Discussion

SNTEMP Exercises 27.1 and 27.2 (with break as needed).
Understand and apply TDELTAQ and TTMPFIT.

Muddy Streams

0.25 hours

Student feedback

Each student writes 1 to 3 questions about issues still puzzling them.
For instructor to understand and be prepared to clarify continued confusion.
Meteorological Data: The Promise and the Reality

Optional -- 1 hour

Field Trip; Q&A

Review notebook material

(1) Understand kinds of data collected by established met stations.
(2) Understand biases inherent in meteorological data.

Day 5 - Review and Wrap-up

Topic 30:
Time:
Format:
Assignment:
Objectives:

Turning the Muddy Stream Clear
1 hour
Lecture/Reading/Discussion
Review notebook material

Clear up muddy issues.
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Day 5 (Continued)

Topic 31: Model Review for the Modeler and the Reviewer

Time: 1 hour

Format: Class Discussion

Assignment: Review notebook material

Objectives: (1) List items students feel are important in model application review.
(2) Synthesize items into coherent categories.
(3) Understand importance of documenting data sources and assumptions.

Topic 32: Special Topics (depending on class interest)

Time: 1 hour (depending on time available)

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Know about other water temperature models for special applications.
(2) Know about the use of SNTEMP in integrated biological modeling.
(3) Understand degree-day and MWAT calculations.
(4) Understand possibilities for model “cheating” and its prevention.

Topic 33: Final Exam and Course Evaluation

Time: 1 hour

Format: Exam and discussion

Assignment: Complete exam and evaluation material

Objectives:  Provide both student and instructor(s) feedback on accomplishment of class
objectives.

RULES OF THUMB

Did you know that the Rule of Thumb was the first temperature model? Before thermometers
were invented, brewers would dip a thumb into the mix to find the right temperature for adding
yeast. Too cold, and the yeast wouldn't grow. Too hot, and the yeast would die. Thus, the Rule
of Thumb. [Source: Hog's Head Beer Cellar Newsletter-10/97] I'll be giving you a few rules of
thumb as we go through this material — little nuggets that may prove useful to you someday. I'll
try to make them neither too hot nor too cold, but just right!

11



Table 1.1. IF 312 AGENDA

Day 1 Day 2 Day 3 Day 4 Day 5
Time Monday Tuesday Wednesday Thursday Friday
8:00 am Registration Questions Questions Questions Questions
8:30 Organization Spatial Dimensions Missing Data Field Data
Collection

9:00 am Why Temperature Job Control File Model Review

Modeling?
9:30 Temporal Dimensions
10:00 am Running SNTEMP SNTEMP Utilities Special Topics
10:30 Break Break Break Break Break
11:00 am Model Overview Heat Transport Lab Exercises: Final Exam

Quality Assurance Utilities Evaluation

12:00 pm Lunch Lunch Lunch Lunch End of Day
1:00 pm Introduction to Segment Meteorology Lab Exercise: Exercises (Cont.)

Models Data and Model

Checking
2:00 pm Lab Exercises: Data File Schema
SSTEMP
2:30 Break as Needed Break Break as Needed Break as Needed
3:00 pm SSTEMP cont. Spatial Files Lab Exercise:
Calibration

4:00 pm SSTEMP cont. Temporal Files Field Trip
5:00 pm End of Day End of Day End of Day End of Day

Homework Homework Homework Group Dinner

12




TOPIC #2: SETTING THE STAGE:
WHY TEMPERATURE MODELING?

Time: 1.5 hours

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Understand how modeling serves the “incremental” objective implicit in
river system impact assessment and management.
(2) Appreciate the full range of the biological importance of stream temperature.
(3) Cover common applications for which the model has been used.

Temperature and IFIM

One of the founding principles of the Instream Flow Incremental Methodology (known as IFIM)
is that it is a process for impact assessment. Further, IFIM is built around a set of tools that may
be used for impact “grading” i.e., measuring the relative merits and demerits of alternative
proposals. This implies that the practitioner be able to say with some authority that Alternative A
is better than Alternative B, and by how much. A common conceptualization of a water quality
problem is to tabulate results of alternatives in “miles of suitable stream.” Those suitable
miles/kilometers can then be evaluated for appropriate microhabitat characteristics, generally as
one of several potential limiting factors. More complicated analyses may carefully factor in
temporal availability in addition to geographic specificity, on a seasonal or finer time scale. In
fact, water temperature criteria can conceptually cover any element of the ecological system, as
described in the following section.

IFIM was developed specifically to allow quantification of the amount of potential habitat
available for a fish species/life stage, in a given reach of stream, under different stream flow
regimes. It is designed to:

help formulate instream flow recommendations,

assess the effects of altered stream flow regimes,

assess the effects of habitat improvement projects,

define and assess the effects of mitigation proposals,

assist in negotiating releases from existing storage projects,

assess the effects of proposed fish stocking programs, and

integrate fishery management concepts with water management activities.

NogahkownE
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IFIM is habitat based wherein potential usable habitat is simulated for unobserved flow or
channel conditions. It is hydrologically driven, and usable habitat is simulated for two or more
hydrologic time series. These simulations will include a baseline or reference time period (status
quo), and one or more proposed alternative flow regimes as if the project were on line and
operating over the same reference period. IFIM assumes that the evaluation species exhibit a
documented preference/avoidance behavior to one or more physical habitat variables. These
variables typically include velocity, depth, cover, substrate, and water quality, especially water
temperature. The methodology assumes that fish (or other aquatic) populations respond to
changes in environmental parameters that constitute usable habitat for the species.

IFIM divides the world into microhabitat and macrohabitat. Macrohabitat is defined as those
characteristics of the environment affecting the distribution and abundance of species in a
longitudinal sequence from stream headwaters downstream to the mouth. This is based on
concepts of longitudinal succession developed by Shelford (1911) wherein species abundance
and composition changes in response to gradational changes in environmental conditions.
Typical macrohabitat variables include water chemistry, temperature, gradient, channel structure
(e.q., rectangular, parabolic, triangular, trapezoidal), channel dimensions, channel patterns,
discharge amount (sinuosity), and food source (allochthonous or autochthonous). Macrohabitat
is typically modeled in one dimension, namely longitudinal. Though most people think
immediately of PHABSIM and its important microhabitat variables of depth, velocity, and
substrate/cover, macrohabitat is truly the larger and more dominant scale process. If
macrohabitat is unacceptable for any reason, microhabitat is largely irrelevant. IFIM, of course,
integrates both macrohabitat and microhabitat as shown in Figure 2.1. Though macrohabitat is
technically defined to include gross channel morphology and flow regime, it is specifically the
important role of water temperature as just one element of overall water quality that concerns us
in this class.

Macrohabitat Microhabitat
Discharge —— Deoth
Temperature — j ep'
Velocity
o Substrate
Water Channel _| c
quality structure ‘ over ‘

X Habitat area per

Miles of usable stream mile of stream

= Total Habitat

Figure 2.1. Integration of micro- and macrohabitat in IFIM.
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In contrast to macrohabitat, microhabitat is defined as localized environmental conditions
selected by a life stage or species to minimize interspecific competition, optimize energy
budgets, maximize reproductive success, and/or avoid predation. This is based on concepts of
ecological isolation and resource partitioning, corresponding to resting, feeding, spawning, or
predator avoidance sites). When resting or feeding, optimization of energy budget is a primary
driving force. For spawning or predator avoidance, maximum survival is the driving force.
Typical microhabitat variables include depth, velocity, surface area, substrate, and cover type and
distribution. Microhabitat is typically modeled in two (or sometimes three) dimensions.

IFIM is more often than not a search for one or more habitat bottlenecks -- one or more physical
events resulting in the reduction in habitat availability for a life stage or life stages, that can
ultimately be traced to a response at the adult population level. Thoroughly exploring potential
habitat bottlenecks requires looking at total habitat, the spatial component of the realized niche
defined by superposition of suitable macrohabitat conditions over the area of usable (realized)
microhabitat (Figure 2.1).

If you think about it, fish populations are rarely directly related to the amount of habitat present at
the time of measurement. The standing crop (biomass) and usable habitat values can be expected
to be correlated only when measured at the time that the habitat is limiting and for the life stage
that is habitat limited. Simultaneous measurement, however, is not sufficient. For a limitation to
be operative, the population must be at "carrying capacity”, that is not reduced or altered in
number by some non-habitat factor such as fishing pressure, a pollution-caused fish kill,

stocking, etc.

Temperature and Ecological Systems

There is far more known about the biological effects of water temperature on aquatic organisms
than we could ever begin to cover in this class. Yet, as is the case with so much in the biological
realm, though there is always more information available than one can ever use, there is rarely
ever exactly what you want. Thus, the best we can do at this point is to cover the basic paradigm
of how water temperatures influence aquatic systems and let you fill in the blanks, so to speak,
for whatever system you are working on.

Thermal effects have been classified in several ways in the literature. A reasonable typology
developed by Fry includes: (1) directive factors, (2) controlling factors, (3) lethal factors,

(4) growth factors, and (5) synergistic factors. Coutant (1976) has yet a different scheme,
factoring stress into the equation. Yet another classification might look like that shown in Table
2.1, in which the system effects of altered water temperature are divided into physiological,
behavioral, temporal, and other water quality factors. In the following discussion, let’s
interweave the schemes to the degree that we can.
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Table 2.1. Biological effects of water temperature arrayed with increasing difficulty of acquiring
definitive data as one goes down each column.

Physiology Behavior Periodicity Water Quality
Survival Habitat utilization Incubation duration Solubility of
dissolved gasses
Growth rate Activity Onset of spawning Deoxygenation rate
Embryonic Distribution Onset of migration Photosynthesis/
development respiration
Susceptibility to Species interaction Gonadal maturation Synergistic toxicity
parasites and
diseases

Lethal factors are usually considered life stage-by-life stage with criteria taking a form something
like that shown in Figure 2.2 or 2.3. Acute lethal events typically occur at temperatures that are
not markedly above from temperatures considered optimal and occur over periods of hours.
Basically, the animal’s homeostatic systems break down or are overwhelmed. Chronic lethal
events lead to the destruction of the homeostatic systems in much the same way, just over longer
periods of time on the scale of days or weeks. Typically, animals become more tolerant of
temperatures, especially high temperatures, as they mature. Thus, eggs are more sensitive than
are adults. Sublethal factors are thought to differ more among differing geographic races of fish
than are relatively “fixed” lethal thresholds. In contrast, lethal limits are not generally
statistically different between races.

Adaptation to any given temperature regime usually consists of a non-genetic and a genetic
component. The genetic component is the evolutionarily significant basis for a species thermal
tolerance; the non-genetic component remains a mystery, but does seem to influence sub-lethal
performance of individual stocks. Until far more is learned, most people feel that it is
inappropriate to develop stock-specific temperature standards (Oregon DEQ, 1995). It is this
author's opinion that the human species has no business attempting to consciously accelerate
evolution of other species by stressing their thermal tolerance limits. If we do, we will be
inadvertently stressing our own limits whether we recognize it or not.

Directive factors can influence small-scale habitat use and associated behavioral activities
(Figure 2.4); they can also influence the timing of fish life cycle activities (phenology, Figure
2.5): (1) trigger movement within the system being studied based on the thermal gradient, and (2)
influence the initiation or termination of spawning behavior (Figure 2.6).
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Figure 2.2. Physiological effects of water temperature and criteria that characterize them.
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Figure 2.3. Characteristic differences in lethal responses to different life stages.
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BEHAVIORAL EFFECTS
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Figure 2.4. Effects of water temperature on behavior and criteria that characterize them.
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Figure 2.5. Changes in periodicity as a function of water temperature.
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EFFECTS ON PERIODICITY

Type Typical Source of Criteria Typical Format of Criteria

o
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gonadal maturation 3
Fish culture studies E

2
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[y ]
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Degree days
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or spawning
Field studies
Si
reset reset

0.0 |

Figure 2.6. Alternate ways to deal with temperature effects on periodicity.

Controlling factors refer to the governing (controlling) of process rates and act to determine the
duration of the periods from incubation to hatch and from hatch to emergence. Thermal units
called degree-days are useful to measure controlling factors. Both directive factors and
governing factors confound the alternate categorization schemes between behavior and
periodicity, but the schemes are far less important than the phenomena they attempt to categorize.

In general, for every 10°C increase in temperature, rates of biological activity double. Processes
affected encompass small-scale reactions, such as enzymatic activity, up to and including whole
organism responses, such as growth. Naturally, some processes more than double while some
don't quite. Within a relatively narrow thermal "window" everything functions smoothly.
However, continuing to raise the temperature eventually pits one metabolic process against
another such that excretion, as an example, accelerates far beyond food consumption, effectively
starving the individual fish. [Supposedly, if our body temperature was 86°F instead of 98.6°F,

we could live to be about 200. Think of the metabolic consequences of that temperature
difference.]
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Fish growth factors, like controlling factors, are often considered a direct function of thermal unit
experience assuming that the experience directly affects metabolic regulation. Growth is limited
to a relatively narrow temperature range, usually having a thermal optimum with declining
growth rate, or even growth inhibition, at temperatures on either side of the optimum. The
relationship between growth and temperature, however, is complicated by intervening factors,
principally food supply, that may either shift the optimum or influence the shape of the functional
relationship. The growing field of bioenergetics is one way of addressing the effect of water
temperature on fish growth. By breaking each metabolic function (e.g., respiration, excretion)
down as a function of temperature, one can determine an organisms "scope for growth," the
energy left over from consumption that can be devoted to either growth or reproductive

development.

Synergistic factors simply mean that water temperature synergistically influences the biological
response to other potential limiting factors. For example, water temperature directly effects how
an organism reacts to waterborne toxics. Other physical processes may also be considered
“synergistic,” such as the saturation of dissolved gasses, and photosynthesis (Figure 2.7).

EFFECTS ON WATER QUALITY

Type Typical Source of Data Typical Format

A

T

Dissolved gas Sanitary engineering texts
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m QOC
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(dark)

Figure 2.7. Effects of water temperature on water quality.
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Temperature Model Applications

Application of temperature models has covered a wide spectrum. For our purposes here, | simply
refer you to the paper by Bartholow (1995) in your readings that covers a decade of results with
the temperature models, including a selected bibliography. Perhaps more importantly, let's take a
moment and think more about the kinds of criteria that one might apply in judging whether one
water management alternative is better than another. Table 2.2 covers the big picture in terms of
criteria that might be developed. The attributes are those characteristics of water temperature (or
most any hydrologic characteristic) that can be quantified. You could think of them as ways to
describe the various waves of temperature an organism is exposed to. The measures, as the name
implies, are "tangible" ways of quantifying the attributes. Also listed are examples of these
metrics, and integrators that may be used to add a temporal dimension to the metrics, i.e.,
integrate it over time. | have stretched the point by including some spatial metrics and

integrators that don't really follow suit, but use this as a mind-expansion device, not for any
particular purpose. Also, you may be interested in a somewhat typology of metrics presented in
Richter et al. (1997).
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Table 2.2. Typology of Temperature Metrics

Integrators

(averaging period)
Initiation / cessation / "reset"

Synchrony

Attributes Measures Examples
Magnitude Min / Mean / Max Point measures
Central tendency/diel variation Median
Frequency # of occurrences in period Days > threshold
Recurrence interval
Duration # of consecutive occurrences / Survival time
Persistence
Timing Temporal window Growing season

(day, week, month, season)
Onset of spawning /

desmoltification / resorption
Food availability

LC50 (for a given thermal
pattern)

Maximum Weekly Average
Temperature (MWAT)

Degree days (w/ threshold)

Time to 50% mortality

Bioenergetics / Zero Net Growth

Rate of change
(of given magnitude
and direction)

Diurnal cycle

Seasonal pattern
Annual trend

Thermal shock

Constancy vs. "respite”
Presence or absence of stimuli
Acclimation (antecedent)
"Global" warming

Bioenergetics?

Variation / distribution

Dispersion

10% exceedence

Coefficient of variation
Skewness / kurtosis

Spatial extent

Composition / configuration
Vertical / horizontal
Reach level
Catchment level
Cluster of catchments

Classification
(Synchrony?)

Pool stratification / refugia

Miles of stream suitable

Fragmentation / connectivity /
juxtaposition / phase difference

Logged vs. unlogged /
N-S vs. E-W

Spatial metrics of landscape
mosaics

Risk analysis - temporal and
spatial

Stratification

Not included: synergistic effects with other water quality parameters, measurement error considerations
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RULES OF THUMB

Generally, criteria applied to gauge biological effects have fallen into two main categories.
Historical IFIM analyses have advocated miles of stream of suitable macrohabitat. That is,
microhabitat (PHABSIM) studies have produced square feet of usable habitat equivalents, but
only for that portion of the stream with suitable macrohabitat. The second most often utilized
criterion has dealt with reaching acute temperature thresholds. This could take the form of
simply presence/absence of triggering the criterion, or be an index based on the number of days
in a season the threshold was reached (i.e., violations) or something similar.

Many other criteria have been used, however. These include chronic thresholds (e.g., maximum
weekly average temperature, or MWAT), various growth criteria (e.g., degree day accumulation
during specified life history periods), and multiplying a temperature suitability index (0 to 1
scale) times the microhabitat values to calculate "total" habitat. To my knowledge, rate of
change criteria, such as maximum-minimum daily temperature range or day-to-day variations,
have not been applied, but probably should be.

It is my firm belief that we will see more and more criteria developed to characterize thermal
exposure in ways that combine temperature with time. Degree-days (or degree-hours) above a
specified threshold makes the most sense as a measure of stress to metabolic and enzymatic
biological systems. These criteria should supplant acute thresholds since chronic conditions are
largely responsible for species presence or absence. Also, rather than focusing on the “tolerable”
effects of thermal pollution, biocriteria should establish an affirmative statement of desired
ecological attributes (Adler, 1998). Unfortunately, this is easier said than done.

SUGGESTED READINGS FOR TOPIC 2

Adler, R.W. 1998. New TMDL litigation leaves many unanswered questions. Rivers.
6(1):269-274.

Armour, C. L. 1991. Guidance for evaluating and recommending temperature regimes to protect
fish. U.S. Fish and Wildlife Service Biological Report 90(22). 13 pp.

Bartholow, J. M. 1991. A modeling assessment of the thermal regime for an urban sport
fishery. Environmental Management 15(6):833-845.

Bartholow, J. 1995. The stream network temperature model (SNTEMP): A decade of
results. Pages 57-60 in Ahuja, L., K. Rojas, and E. Seeley, editors. Workshop on
Computer Applications in Water Management, Proceedings of the 1995 Workshop.
Water Resources Research Institute, Fort Collins, Colorado. Information Series No. 79.
292 pp.
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Coutant, C. 1976. Thermal effects on fish ecology. Pages 891-896 in Encyclopedia of
Environmental Engineering, V2. W&G Baird, Ltd. Northern Ireland.

Havis, R. N., C. V. Alonso, J. G. King, and R. F. Thurow. 1993. A mathematical model of
salmonid spawning habitat. Water Resources Bulletin 29(3):435-444.

Magnuson, J. J., L. B. Crowder, and P. A. Medvick. 1979. Temperature as an ecological
resource. American Zoologist 19:331-343.

Richter, B. D., J.V. Baumgartner, R. Wigington, and D.P. Braun. 1997. How much water does a
river need? Freshwater Biology 37:231-249.

Stalnaker, C., B. L. Lamb, J. Henriksen, K. Bovee, and J. Bartholow. 1995. The Instream Flow
Incremental Methodology. A primer for IFIM. U.S. National Biological Service Biological
Science Report 29. 44 pp. Available on the web at
http://www.mesc.usgs.gov/pubs/online/ifim_primer/ifim_primer.htm

Theurer, F. D., K. A. Voos, and W. J. Miller. 1984. Applications. Part I in Instream water
temperature model. Instream Flow Information Paper 16. U.S. Fish and Wildlife
Service. FWS/OBS-84/15. approx. 200 pp.

Theurer, F. D., I. Lines, and T. Nelson. 1985. Interaction between riparian vegetation, water
temperature, and salmonid habitat in the Tucannon River. Water Resources Bulletin.
American Water Resources Association 21:53-64.

Voos, K. A., W. S. Lifton, and D. A. Gilbert. 1987. Simulation of the Stanislaus Project:
Performance of the U.S. Fish and Wildlife Service instream temperature model on a complex

system. Pages 746-755 in B. W. Clowes, editor. Waterpower 87: Proceedings of the
international conference on hydrology. Portland, Oreg. 19-21 August 1987.

REVIEW QUESTIONS FOR TOPIC 2
1. One important item in scoping a temperature study is deciding on the study area. How might
current or potential water temperatures influence your decision on study area delineation

from a biological perspective, not just a physical perspective?

2. Explain how the distinction between microhabitat and macrohabitat can get muddied.
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ANSWERS FOR TOPIC 2

1. The tricky part is trying to second-guess the biological responses to temperature changes. If
new stream segments become accessible due to beneficial temperature changes, should they
be included? If migrational responses change, should the study area change accordingly?
Rule of thumb — be generous in study area because things always change.

2. In general, microhabitat is thought of as taking place roughly on the scale of a fish, i.e.,
several square meters. In contrast, macrohabitat is generally thought of along the river’s
longitudinal axis, usually on a scale greater than 7-10 times the channel width. But what
happens if fish are found using thermal refugia, say at the mouths of cold-water tributaries,
during certain times of the year? These “microhabitat” features may be governed by water
temperature, but be spatially determined by channel form and flow. Thus, scale alone is
insufficient to distinguish macro- from micro-habitat.
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TOPIC #3: TEMPERATURE MODEL AND MODELING OVERVIEW

Time: 1 hour
Format: Lecture/Reading
Assignment: Review notebook material
Objectives: (1) Understand capabilities of the models.
(2) Introduce model components.
(3) Introduce important terminology.
(4) Cover basic assumptions and limitations.
(5) Appreciate the big picture of a temperature study.
(6) Understand the distinction between baseline and “what-if” applications.

Capabilities

SNTEMP was developed by Dr. Fred Theurer, U.S. Soil Conservation Service in the early
1980's. Development took three to four years and consumed approximately $200-300K.

The work was largely an extension of previous modeling efforts by Grenney (SSAM V),
Johnson, and Tennessee Valley Authority. Quigley's work on riparian shade formed the basis for
the shading routines.

The temperature models have been applied in connection with many different kinds of impact
analysis. More often than not, there is some sort of reservoir involved. Thus, either discharge
timing, release temperature, release volume, or some combination of all three, may be analyzed
for their effect on downstream water temperatures. If not a reservoir, irrigation diversions, the
effect of timber management on riparian shading, and channel change have made up the bulk of
other applications. The two applications described in IP#16 reflect all of the above in one form
or another. Thermal loading, as from power plants or waste discharge facilities, makes up the
final set of possibilities.

Technically, SNTEMP is unique as far as | know in the range of capabilities offered. Not only

does the model deal with “standard” applications, it also facilitates dealing with missing data and
provides goodness-of-fit statistics. In total, SNTEMP’s six modules are:
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1. Heat flux - predicts the energy balance between the water and its surrounding environment.
By convention, heat flux is defined as the arithmetic sum of the following components, which
form the core of SNTEMP (see Figure 3.1):

NET HEAT FLUX =+ SOLAR RADIATION
+ ATMOSPHERIC RADIATION
+ VEGETATIVE (AND TOPOGRAPHIC) RADIATION
+ EVAPORATION
+ CONVECTION
+ CONDUCTION
+ FRICTION
- WATER'S BACK RADIATION

2. Heat transport - predicts average mean daily and diurnal water temperatures as a function of
stream distance.

3. Solar model - predicts solar radiation penetrating the water as a function of latitude, time of
year, and meteorological conditions.

4. Shade model - predicts interception of solar radiation due to topography and riparian
vegetation.

5. Meteorological model - predicts changes in air temperature, relative humidity, and
atmospheric pressure as a function of watershed elevation.

6. Regression model - aids in filling missing water temperature data or smoothing that data.

SNTEMP is also unique in the variety of solution techniques offered. The original version was
developed for HP-34C and HP41C hand calculators. Though these versions are no longer
supported, a simplified version for PC use, SSTEMP, is available. Though originally developed
solely for classroom use, SSTEMP has proven valuable for simplified systems and initial
problem scoping. The so-called network model is written in extremely portable Fortran 77 and is
thus easily available for PC, Unix, or mainframe use. All of the models and utilities are
integrated for relatively seamless application. There are a variety of utilities available to ease the
pain of quality assurance/quality control, and gaming. In addition, there is a stand-alone shade
model that has been applied, in modified form, by many other modelers using different stream
temperature models.

Components and Data Requirements

Conceptually, SNTEMP may be divided into three broad functional areas: stream geometry,
hydrology, and meteorology. Each has its own set of concepts to grasp, largely through an
appreciation of the data required to “run” them, the sensitivity of that data, and the
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Figure 3.1. Heat flux components modeled in SNTEMP and SSTEMP.
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relationship of that data to other model components. SNTEMP has been set up to use data that
are relatively easy to gather in one form or another.

Stream Geometry data consists of:

1.

2.

3.

4.

5.

The network layout, largely from maps supplemented by field observations.
Site elevations, generally from topographic maps.

Stream widths, generally from field measurements.

Manning’s n (or time of travel), generally from field or simulation studies.

Shade estimates, generally from field measurements.

Meteorologic data consists of:

1.

2.

Solar radiation, generally from published data or assumed to be predictable by SNTEMP.
Air temperature, generally from weather service or field measurements.

Relative humidity (ditto).

Wind speed (ditto).

Cloud cover, occasionally from weather service observations, but less readily available
than it once was.

Hydrologic data consists of:

1.

Stream discharge, generally from USGS gages (or WATSTORE), or CD-ROM (e.g.,
Hydrodata).

Water temperatures, generally from gaging or field measurements. Headwater
temperatures may also be synthesized by SNTEMP.

Assumptions and Limitations

There are several assumptions that apply to SNTEMP. These assumptions in turn dictate the
limitations in terms of model applications.

First, SNTEMP is a steady state model. It assumes that the conditions being simulated involve
only steady flow BB no hydropeaking can be simulated unless the flows are essentially constant
for the entire averaging period. The minimum averaging period is one day. Similarly, the

29



boundary conditions of SNTEMP are assumed homogeneous and constant. This has implications
for the maximum size of the network simulated for a single averaging period. We will cover this
item in more detail in a later discussion.

Second, SNTEMP assumes homogeneous and instantaneous mixing wherever two sources of
water are combined. There is no lateral or vertical temperature distribution (dispersion or
diffusion), represented in the models.

Third, SNTEMP itself is meant solely for stream temperature predictions. It will not handle
stratified reservoirs, though river-run reservoirs with equilibrium releases may be simulated.

Fourth, SNTEMP is NOT a hydrology model. It can not be relied on to distribute flows in an
ungaged network. This is often an additional, non-temperature model task.

Fifth, SNTEMP may not be reliable in very cold conditions, i.e., simulating water temperatures
less than about 4°C. It is not meant for ice or the like.

Finally, SNTEMP and SSTEMP have been tested only in the northern hemisphere.

A Temperature Study: The Big IFIM Picture

Most of you have been introduced to the essential components of a plan of study in previous
IFIM work. However, experience has shown that even excellent guidance has not resulted in
excellent study plans. So bear with me as | repeat some elements that are especially important
for macrohabitat considerations. First, better pre-study involvement between all members of the
“team” needs to be stressed. That is, planners, field data collectors, modelers, statisticians,
decision makers, regulators, resource interests, developmental interests, and reviewers all need
ACTIVE involvement to:

() Identify the management problem (goals and objectives) -- what is it that you are really
doing? Does this study deal with water rights or flow reservations? Is it to assess project
impacts, evaluate mitigation, or approve permits? If it is an impact analysis problem, what is
the appropriate baseline period with which to compare impacts? Are we at the feasibility or
operational stage in the planning process? Is this a single project or a network of projects?
Who are the players?; who has the lead? How “important” is this project?; is there much
resistance to a study of this type?

(2) Identify the appropriate species/life stages of concern. Is this a game, sport, or commercial
fishery problem? Is it a sensitive or indicator species problem? Is it an endangered species
problem? Is it a “guild” of species or a planned introduction? Are we talking about a
naturally sustaining population, supplemental stocking, or a put-and-take fishery? Do we
have adequate life history information for periodicity and macrohabitat (temperature and
water quality) preferences?

30



(3) Identify the relevant variables to be measured/predicted. Is the minimum, mean, or
maximum temperature, or some combination of values the issue? Is a daily, weekly, or
monthly averaging period appropriate? What is the spatial extent of your study area?

(4) Identify the appropriate criteria to employ. Are we talking about growth, mortality, trigger
temperatures, temperature change rates, “minimum” flows, total available fish habitat,
population size, dollars, or commercial or recreational fishing effect? Do not proceed until
criteria have been formulated and agreed to by all parties.

(5) Identify the quantitative measures for decision-making (miles of suitable stream,
temperature-conditioned microhabitat, hatching times, etc.). How concerned must we be
about accuracy and/or precision? Do different players need different information to do their
job? Is there a favored method that has been used by local agencies?

(6) How much time, money, and labor can (or should) be devoted to the problem and solution
analysis? What is the time frame for decisions to be made? Can field studies be scheduled?
What are realistic management options? Are there opportunities for partnering with other
agencies or the public to reduce financial resource requirements?

Knowing the management problem(s) can give you some clues about possible solutions. Though
it would be incorrect to prejudge solutions at this stage of the game, it is appropriate to
continually keep your eyes open to possibilities, particularly as you are in the field. Knowing the
species life history is important because all too often mechanical or “cookbook” application of
techniques ignores common sense about limiting factors or other requirements that should not be
overlooked. Coming to grips with the temporal and spatial issues leads to important
considerations in choosing models or other analysis techniques, and getting the jump on how
model output is to be used in the decision process. A priori agreement on the criteria (with
maybe only a bit of wiggle room) and measures for decision making leads to a surety of purpose
and a commitment to negotiate on scientific findings rather than on speculation. Making sure
your objectives are as tight as possible will reduce the scope of work by eliminating extraneous
data collection. Finally, as always, the practical issues must be factored in to be realistic and
efficient.

In one sense, study planning ensures that the necessary data of sufficient quality are gathered to
go into a structured decision process. Often, a large part of that decision process is front-ended
by models. Models are useful in identifying first order effects where an alteration results in
direct impact to target organisms. Usually, however, first order effects are reasonably self-
evident because they so often result in an acute response where the impact to target organism is
immediate and demonstrable (i.e., belly-up fish). Examples of first order macrohabitat effects
are: (1) thermal effluent raises water temperature to lethal levels; (2) organic municipal wastes
deplete dissolved oxygen levels to lethal levels; (3) agricultural runoff, chiefly nitrogen and
phosphorous, causes eutrophication of streams and lakes; (4) agricultural or silvicultural
practices result in excess sedimentation, choking spawning gravels; (5) hard rock mining leads to
acid drainage and carries toxic quantities of lead, arsenic, zinc, cadmium, or copper, and (6) cold
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hypolimnetic releases from reservoirs with low dissolved oxygen severely reduce suitable habitat
for downstream warmwater communities.

Models help in two ways. First, they assist in identifying the inputs and outputs of the first order
effects, which may help one get, a handle on useful management options. However, models
really shine in facilitating the identification and description of second order problems resulting in
indirect or chronic effects, where the impacts to target organisms occur in less obvious ways or
extend over longer time horizons. Examples of second order effects include: (1) Reduced flow
results in less water volume, lower surface area, and reduced velocity. Cumulatively, this results
in elevating water temperature, concentrating the existing BOD load, and reducing reaeration.
Biologically, dissolved oxygen is depleted below lethal levels causing mortality. (2) Reduced
streamflow results in dewatering of riffles that eliminates habitat for aquatic invertebrates. The
result is a depauperate stream that otherwise could support fish in the remaining pools. (3)
Hydropeaking results in large and rapid flow fluctuations. Indirectly, the location of suitable
habitat changes from place to place as the flow changes. The result is that organisms that cannot
readily move or do so only with a high energetic cost are lost from system. (4) The thermal
regime alters the balance of competitive advantage between cold and warmwater fishes.
Fisheries eventually become endangered, affecting the public's perception of, and economic
support of, possible solutions. The result is significant political pressure being brought to bear,
which changes the balance of power from present consumptive uses to altered restorative goals.
Which of course leads to yet other consequences . .. As you can see, at some point the models
no longer help.

Study Design Summary

In general, there are 10 steps to a typical temperature analysis. One wonders if there is really
such a thing as a "typical" analysis. This is just one of many explanations.

1. Refine system goals and objectives.

2. Determine the “potential” impact area by professional opinion, consultation, or scoping level
analysis.

3. Determine “all” species (fish, macroinvertebrates, etc.) and life stages that use “potential”
impact area: when, where, what activities.

4. Select target species based on pre-selected criteria.
5. Refine impact area given more specific objectives.
6. Select study sites.

7. Gather temperature criteria for target species, usually from literature.
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8. Assemble and calibrate the model to measured field data.

9. Model temperature response under all alternative operation scenarios.
10. Integrate macrohabitat with microhabitat and interpret results.

11. Implement mitigation plan.

12. Monitor the system response.

13. Revise models if necessary.

RULES OF THUMB

"Perfection of means and confusion of goals seem to characterize our age." — Albert Einstein

Temperature modeling, rather like any kind of impact assessment, bears a strong comparison to

the ideas of Buddhist reincarnation. If you don’t have pretty specific objectives, more or less

universally agreed to by most stakeholders, you will repeat the work over and over until you do

(or you die). The model itself, being physically based, will in all likelihood work well if you

have accepted its assumptions and limitations, and clearly know your objectives.

SUGGESTED READINGS FOR TOPIC 3

Theurer, F. D., K. A. Voos, and W. J. Miller. 1984. Physical processes and math models.
Part Il in Instream water temperature model. Instream Flow Information Paper 16.
U.S. Fish and Wildlife Service. FWS/OBS-84/15. approx. 200 pp.

REVIEW QUESTIONS FOR TOPIC 3

Why is it that everyone ignores our advice for making sure your objectives are clear before doing
anything else?
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ANSWERS FOR TOPIC 3

1. Because we are all quite good at ignoring our own good advice.

2. Because objectives evolve through time as the players learn more about the system, its
physical limits, its biological responses, and the costs and consequences of single-purpose
management actions.

3. Because we still are so ignorant about temperature requirements of biological systems.

4. And probably a host of other reasons.

There is something to the ready, fire, aim scheme after all. It’s just that it would be so better
stated ready, aim, fire, measure deviation, adjust aim, fire, measure deviation, etc.
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TOPIC #4: INTRODUCTION TO STREAM SEGMENT TEMPERATURE MODELS

Time: 0.5 hours

Format: Lecture/Reading

Assignment: Review notebook material

Objectives:  Prepare students to run SSTEMP and other models on computer.

Scoping Level Temperature Model — SSTEMP

Streams today, especially in the western United States, are subject to a variety of forms of
degradation. Often one subtle change is stream temperature. Most problems causing stream
temperature effects probably fall into four categories: (1) impoundment construction and
operation; (2) removal of instream water through diversions or groundwater pumping;

(3) riparian vegetation destruction due to grazing, farming practices, timber management, or
flooding; and (4) stream channel alteration due to grazing, channelization or mining. Resulting
stream temperature changes can have a profound influence on the quantity and quality of aquatic
life supported by the stream. The astute manager will consider stream temperature as one
variable in their impact or mitigation analysis.

It has long been difficult to predict how alternative management actions influence stream
temperatures. But now readily available microcomputer programs make such calculations
relatively painless. These programs help in comprehending the factors that control stream
temperatures, understanding the sensitivity of those factors, and accurately estimating the effects
of changing those factors through planned management actions. One of these programs, the
Stream Segment Temperature Model, is described in this topic. A sequence of steps is outlined
to introduce the program, help in estimating or measuring model variables, and grasp the
significance of the program’s output. In Topic 5, an example problem and solution are presented
to reinforce the material. Though simplistic, the example adequately represents a common real-
world situation.

The Stream Segment Temperature Model differs from the Network model in four distinct ways.
First, the Segment model, as the name implies, deals only with a single stream segment, not an
entire dendritic network with tributaries, withdrawals, and returns. Second, only one time period
may be simulated for any given “run”. Though it is comparatively easy to change the time and/or
space conditions in SSTEMP, it is a manual process subject to human bookkeeping errors and
tedium. Third, the segment model can use English units in addition to metric. Finally, SSTEMP
can perform an automated first-order sensitivity analysis.
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SSTEMP does three things. First, given the time of year, location of the study area on the earth's
surface, and some meteorological data, it computes the solar radiation likely available at the earth's
surface. Next, that radiation is reduced by topographic shading and riparian vegetation. Finally, the
radiation is combined with all other sources of heat entering or leaving the water to compute
downstream water temperatures given upstream conditions.

RULES OF THUMB

"For an artist to marry his model is as fatal as for a gourmet to marry his cook: the one
gets no sittings, and the other gets no dinners." - Oscar Wilde

Why pick one model (SNTEMP or SSTEMP) over the other? If the number of time periods
multiplied by the number of geographic reaches exceeds 30, it is far better to use SNTEMP than
SSTEMP. This becomes especially true as it is so often the case that analyses need to be redone,
given a small change in an operations scenario, or a minor data error found late in the process.
SNTEMP requires more of an up-front burden in terms of program setup, but will quickly pay for
itself in the ability to respond quickly later in the life of the project.

SUGGESTED READINGS FOR TOPIC 4

Readings follow lab exercises in Topic 5.
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TOPIC #5: INTRODUCTION TO STREAM
SEGMENT TEMPERATURE MODEL - EXERCISE

Time: 3 hours (with interspersed break)

Format: Small group hands-on exercise/Discussion

Assignment:  Assemble into small (3-5 person) groups and:
(1) Install SNTEMP program and data files per Exercise 1.
(2) Skim SSTEMP user’s guides at the beginning of Exercise 2.
(3) Perform exercises 2-5 as time permits.
(4) Answer questions to exercises.

Objectives: (1) Familiarization with computer setup.
(2) Familiarization with SSTEMP model.
(3) Recognize parameters and understand their definition.
(4) Get a feel for the sensitivity of model parameters.

NOTE: SNTEMP is strictly a DOS-based program. All instructions in this manual and on the
diskette assume DOS operation. In addition, most of SNTEMP’s output files are in 132-column
format. Extra hoops may needed to get these files to print properly on laser or other printers.
Often, utilities are available to put the printer in landscape mode and print in a font suitable to the
task. Alternately, setting the printer manually will typically suffice.
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EXERCISE 5.1: INSTALLING SNTEMP & SSTEMP ON YOUR COMPUTER

Point your browser to http://www.mesc.usgs.gov/rsm/rsm_download.htmI#TEMP and download
the four files sntemp.exe, ssunzip.exe, sntutils.exe, and sntdata.exe. It would be wise to save
them to a disk that has quite a lot of space as these are all files that have been compressed and
will take up much more room their full form, approximately 12 MB. Save them in a directory
called SNTEMP for the moment. Each of these four programs may have been compressed with a
different utility, so don't be surprised if they act somewhat different when you deal with them
subsequently.

Run the program sntemp.exe by double clicking on it or typing its name if in a DOS window.
You should get a series of seven other executables (.EXE), two batch files (.BAT), one document
(.DOC) and an errata file (TXT). Depending on how you execute this program, you may need to
close any DOS window it opens to decompress the files. The errata file is for Information Paper
16. Your copy may already have an errata page inserted in it. The DOC file contains additional
read-me type information you may choose to read. SNTEMP.BAT is the batch file used to run
SNTEMP and the IF312.BAT file is one we have used in classroom settings to standardize how
everyone deals with sample data sets. Look over all the non-executable files briefly to see how
they work and what they are doing. We will actually uses these later in the week.

Run the program sntutils.exe. This will provide another 20 or so utilities (.EXE) and their
documentation files (.DOC). We will cover the utilities in later Topics. Do the same with
sntdata.exe. This gives you a complete set of sample data and corresponding output files, along
with some bad (.BAD) data files you will use for testing in a later exercise.

The big step is next. Run the program ssunzip.exe. Unless you have a good reason otherwise,
allow it to unzip its contents into the Windows/Temp directory. Navigate to the Temp directory
and run the file Setup.exe. Depending on your system configuration, you may be asked if you
want to keep newer system files. You also may need to reboot your computer and once again run
the Setup program. I'm just going to trust that you can do all of this. 1 will also trust that you can
set paths, create directories, and so forth in DOS mode, all of which you will need to do to
become a proficient user of SNTEMP.

You may now delete the four files you originally downloaded -- sntemp.exe, ssunzip.exe,
sntutils.exe, and sntdata.exe to save room on your computer.

Congratulations. That's all for installing!
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EXERCISE 5.2: USER’S GUIDE TO THE
STREAM SEGMENT TEMPERATURE MODEL

Defining the Problem

No set of computer programs can ever tell you what you are trying to do; you have got to define
that for yourself. You must decide before proceeding what the problem is and give some thought
to what might be done about it. For example, do you know or suspect that grazing may have
resulted in a particular stream exceeding critical thermal thresholds for a fish species of interest?
Could it be that a proposed timber sale will encroach on a stream and you want to know how
temperatures will be affected? Do you need to decide how much water can be diverted from a
stream and still keep maximum temperatures below some threshold? Do you even have a handle
on what those thresholds are and how close you may be to them. What management actions may
be available to you to influence stream temperatures? Can you help control the bank slope,
prevent overgrazing, or control streamflow? These things must be known. Given that these
generalities have been defined, you should reduce the scope somewhat by putting temporal and
spatial bounds on the problem. Narrowing the scope to a particular time of year and a specific
geographic area will help immensely. Luckily, these decisions are usually not difficult. Doing so
will also help you get started on temperature modeling, because these models assume that you are
looking at a stream with a defined length during a certain season.

Once you have defined your objectives, the SSTEMP program may be a good place to begin your
scoping exercise. The remainder of this section covers how to run and interpret the results from
SSTEMP. In what follows, it is assumed that all stream data are characterized by average
conditions. It is also assumed that water in the system is instantaneously and thoroughly mixed
at all times. Thus there is no lateral temperature distribution across the stream channel, nor is
there any vertical gradient in pools. Finally, as previously mentioned, SSTEMP is only valid for
Northern Hemisphere applications.

Take a moment to look through the documentation for SSTEMP. It will really pay off to
understand what you are doing and perhaps prevent you from making some assumptions that
mistakenly get carried along from application to application. When you are satisfied that you
understand the basics, proceed to the following example.

A Worked Example

You have been asked to evaluate the potential thermal benefit of restoring an 8.1-mile section of
overgrazed stream in northeastern Nevada that is thought to have high water temperature
problems. You have little time and no money to devote to a detailed assessment. But a brief site
visit is always in order, taking with you a topographic map, measuring tape, clinometer, and
calibrated thermometer. After this, and two phone calls, one to USGS, and one to the local
weather service, you are ready to begin.
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Your site visit reveals a high gradient stream flowing out of some hills into a broad, open
grassland. The stream has been severely degraded, supporting virtually no riparian vegetation. At
the foot of the hills, you take a water temperature measurement between 10 a.m. and 2 p.m. to get
an estimate of the mean daily temperature. At several locations, you measure the stream width
and take clinometer measurements of the topography. Taking a few photographs can aid your
memory when you get back to the office.

Your phone calls have told you a lot. The weather service had a local observer near your site
where they kept air temperature records from 1949 to 1986. They look up the statistics for you.
August is the hottest month, with a mean monthly maximum air temperature of 94°F, standard
deviation of 3°F. The mean monthly minimum air temperature was 54°F, standard deviation also
3°F. The average of these, plus two standard deviations to account for the 95% extreme
condition, is 80°F. The mean annual temperature is 50°F, a good starting point for the ground
temperature.

Luckily, USGS has had some gages in the area since 1918. If the stream were ungaged, that
means more work for you. But if there are nearby records, you can get an idea of when flows are
low and their approximate magnitude. In this case, USGS can estimate the minimum August
flow to be about 8.2 cfs. This is not the lowest daily flow on record for August, but the
minimum monthly flow, probably more representative of persistent low flow conditions. You
decide to concentrate on the first two weeks in August.

If you are not a fisheries biologist, you must make one more phone call. That call, or a look in a
book, will reveal that trout in the area will not live in a stream where maximum daily
temperatures exceed 77°F. Using what you have learned and some of the data from the maps in
the reference section, you are ready to fire up SSTEMP. Let's look at the screen after you have
entered some of your data:
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The SSTEMP output tells you that there are about 626 Langleys per day entering the unshaded
water, and that daylight lasts about 14 hours. The total shade only amounts to about 2%. Note
that under these conditions, daily maximum water temperatures exceed 86 F, though just barely,
totally unacceptable in the downstream reaches of this stream.

Next you must estimate the potential improvements resulting from a revised grazing plan. Calls
to your hydrologist result in estimates of a new stream width — 11 feet. Your own experience
tells you that you can expect about 60% of the stream bank to be vegetated with willows or alders
that screen about 85% of the sunlight (.6*.85 = .51, or 51% total density) for a “virgin” stream in
this area. You also estimate their height, etc., and that the increased streambank vegetation and
meanders will somewhat retard the flow of water. The resulting shade for the restored condition
is:
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Thus, the shade has been increased from 2% to 38%. What about temperature for the restored
condition? It looks like this:
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The result of decreasing the width and increasing the shade and Manning’s n has been to lower
the maximum daily temperature to just below the 77°F threshold. In fact, it is so close that given
an uncertainty of roughly 2°F for this kind of scoping analysis, you must expect that not all of the
stream will be thermally protected all of the time. Removing uncertainty, if necessary, will cost
you in terms of more detailed data collection. But you can be assured that the temperature
conditions can be greatly improved.

That's how it works.
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EXERCISE 5.3

. You have been put in charge of developing a “trophy” trout fishery just below Flaming
Desire dam outside of Grand Junction, Colorado. Using data from Grand Junction’s Local
Climatological Data (LCD) and from “Input Data for Solar Systems,” (both of which follow)
develop a temperature model for the following stream in the month of July:

a. Monthly discharge 60.38 cms

b. Discharge temperature 9.29°C

c. Lateral flow 0.0208 cms/km
d. Reach length 43.4 km

e. Elevation at dam 1672.0m

f. Elevation downstream 1631.0 m

g. Stream width at 60.38 cms 60.96 m

h. Width exponent 0.18

i. Reach shading 30%

Determine the sensitivity of your model to changes in each of the variables you consider
relevant. In particular, vary the discharge from 30 to 110 cms. Plot mean water temperature
versus discharge. (If you get ambitious, you might try the MATRIX option in SSTEMP.)
Does it make any difference that there is a dam at the upstream point? Why or why not?
Make a table showing how changes in input values effect temperature (maximum and
average). Are the sensitivities you have found “situation dependent?”

. These trophy trout have been shown to achieve optimum growth when the average daily
maximum temperatures range from 11 to 18°C. What extreme conditions might arise in this
area to push the water temperature out of the desired range? What management actions could
be taken to keep temperatures in the optimum range under these extreme conditions? Under
“average” conditions, how far downstream can the fishery be maintained?

. Suppose you had a simple two-branched stream network. Can you think how you could use
this microcomputer model to handle it?

. Which items must be varied in tandem to maintain an accurate representation of your system?

. What are the limitations and weaknesses of this version of the temperature model?
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Local Climatological Data page 1

Local Climatological Data

Annual Summary With Comparative Data

1982
GRAND JUNCTION, COLORADO

Narrative Climatological Summary

Located in a large mountain valley, the junction of the Colorade and Gunnison rivers, on
the west slope of the Rockies, Grand .Junction has a climate marked by the wide seasonal
range usual to interior localities at this latitude. Thanks, however, to the protective
topography of the vicinity, sudden and severe weather changes are very infrequent. Fleva-
tion of the valley floor ranges from 4,400 to 4,800 feet above sea level, with mountains
on all sides at distances of from 10 to 60 miles, reaching heights of 9,000 to over 12,000
feet.

This mountain valley location, with attendant "valley breezes' provides protection from
spring and fall frosts, resulting in a growing season averaging 191 days in the city of
Grand Junctien. This value varies considerably in the outlying districts, is about the
same in the upper valley around Palisade, and 3 to 4 weeks shorter near the river west of
Grand Junction, where the "valley breeze" is less effective. Farming areas located on
mesas also enjoy longer frost-free seasons than adjacent lower lying ground where cool air
tends to collect at night; this effect is more noticeable in the west, or lower portion of
the valley. The growing season is sufficiently long to permit growth commercially of
almost all fruits except citrus varieties. Summer grazing of cattle and sheep on nearby
mountain ranges {s extensive; foundation herds are wintered in the valley and there is
some winter feeding of fat cattle and sheep.

The interior, continental location, ringed by mountains on all sides, results in quite low
precipitation in all seasons. Consequently, agriculture is dependent on irrigatien, for
which an adequate supply of water has been available from mountain snows and rains.

Summer rains occur chiefly as scattered light showers from thunderstorms which develop
over nearby mountains. Winter snows are fairly frequent, but mestly light and quickly
melt off. Even the infrequent snows of from & to 8 inches, which are heavy for this
locality, seldom remain on the ground for prolonged periods. Blizzard conditiens in the
valley are extremely rare.

Temperatures at Grand Junction have ranged from 105° to -23°, but readings of 100° or
higher are infrequent, and about one-third of the winters have no readings below zereo,
Summer days with maximum temperatures in the middle and low 90's and minima in the low
60's are commen. Relative humidity is very low during the summer, with values close te
such other dry localities as the southern parts of New Mexico and Arizona. Spells of cold
winter weather are sometimes prolonged due to cold air becoming trapped in the valley.
Winds are usually very light during the coldest weather. Changes in winter are generally
gradual, and abrupt changes are much less frequent than in eastern Colorado. "Cold Waves"
are rare. Sunny days predominate in all seasons.

Flying weather conditions are generally favorable for operation of light airplanes, with
visibilities of 20 miles or moré and ceilings of 5,000 feet or higher prevailing approxi-
mately 95 percent of the time. Gusty surface winds are rather frequent in the spring and
early summer. The prevailing wind is from the east-southeast due to the "valley breeze"
effects, but the strongest winds are usually from the south and southwest, and are associ-
ated with thunderstorms or with pre-frontal weather.

" ]Oaa NATIONAL OCEANIC AND HATIONAL ENVIRONMENTAL SATELLITE. /| NATIONAL CLIMATIC DATA CENTER
ATMOSPHERIC ADMINISTRATION DATA, AND INFORMATION SERVICE ASHEVILLE, N G
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Annual extremes have been exceeded at other sites in the
precipitation 1.78 in September 1896; maximum precipitation in 24 hours Z.50 in October

§ Through 1979.



IF 312 Supplement to Exercise 5.3

Normally this page contains year-by-year temperature, precipitation, snowfall, and other data.
However, the Local Climatological Data 1982 Annual Summary you have in your notebook for
Grand Junction, Colorado, starting on page 52 is very difficult to read due to repeated
photocopying. | have included here excerpts that you may find useful in Exercise 5.3.

Data for July Annual
Normal temperatures °F
daily maximum temperature 93.1 65.1
daily minimum temperature 64.2 40.2
monthly 78.7 52.7
Extreme temperatures °F
record highest 105 105
record lowest 46 -23

Relative humidity pct.

hour 5 47 59

hour 11 28 41

hour 17 21 35

hour 23 36 51
Wind mph

mean speed 9.3 8.1

fastest mile speed 56 66
Percent of possible sun 78 70
Mean sky cover, tenths 4.2 51

Mean number of days
Sunrise to sunset

clear 14 140

partly cloudy 12 105

cloudy 5 120
Max temp.

> 90° 26 66

<32° 0 24

47



STATION LOCATION
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Figure 5.1. Network of stations for which ground level solar radiation is available in Cinquemani et al., 1978
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Table 5.1. Extract from Input Data for Solar Systems (Cinquemani et al. 1978).

*hkhkArhkhkArAhkAkAAkAkrAAkAkrAAkAkrAhkhkrhkhkrhkhkhhkhkihkhkhkhkhhkhkrAhkhkrAhkhrhkhkrhkhkirhkhkihhkhkhhkhkhhkhkhkhkhkhkhkhkhhhkkhihhkkhihkkhihkhihkiiikiitk

STATION: GRAND JUNCTION STATE: CO

STATION NUMBER: 23066 LATITUDE: 3907N LONGITUDE: 10832W  ELEVATION: 1475

NORMAL DEGREE TOTAL HEMISPHERIC
NORMAL TEMPERATURE (DEG F)* DAYS* MEAN DAILY SOLAR RADIATION#
DAILY DAILY BASE 65 DEGF

MONTH MAXIMUM MINIMUM MONTHLY HEATING COOLING BTU/FT2 KJM2 LANGLEYS

JAN 36.7 16.5 26.6 1190 0 791.3 8980.0 214.6
FEB 44.0 23.2 33.6 879 0 1119.0 12699.0 303.5
MAR 52.8 29.6 41.2 738 0 15535 17630.0 4214
APR 64.6 38.8 51.7 404 0 1986.4 22543.0 538.8
MAY 75.8 48.5 62.2 133 47 2379.8 27008.0 645.5
JUN 85.9 56.5 71.3 20 209 2598.5 29490.0 704.8
JUL 93.1 64.2 78.7 0 425 2465.2 27977.0 668.7
AUG 89.1 61.6 75.4 0 322 2182.0 24763.0 591.8
SEP 81.3 53.0 67.2 60 126 1834.4 20818.0 497.6
OCT 67.9 41.9 54.9 324 11 1345.0 15264.0 364.8
NOV 50.9 28.6 39.8 756 0 918.1 10419.0 249.0
DEC 39.4 19.6 29.5 1101 0 7313 8300.0 198.4
ANN 65.1 40.2 52.7 5605 1140 1658.7 18824.0 449.9
* BASED ON 1941-1970 PERIOD # AS NOTED IN SOLMET VOLUME 1
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EXERCISE 5.4
Look over your map for any other telltale signs related to temperature-related stuff: springs
and seeps, wells, levees, gravel deposits, disappearing streams, canals, and gaging stations.
Select a stream reach with some relief off of your group’s topographic map or your own if
self-study.

Determine and enter the necessary topographic input values for SSTEMP as best as
possible from the map. Invent any values you must have in addition to those from the map.

Test the model's sensitivity to changes in the variables.
Is there a latitude for your set of variables above which there is no sunrise?

What difference does stream width make? Which factors, topographic or vegetative or
both, interact with stream width?

Test whether the mid-point of a monthly time period adequately characterizes the average
of many daily snapshots.

What do you think are the limitations of SSTEMP? What are its strengths?

As time and interest permits, try the Gray Card and light meter method of calculating
vegetative shading. Also try out a clinometer.

What phrase best characterizes what shade actually is?
a. Auverage percent of stream reach’s surface area continuously in shadow during the day.
b. Average percent of time stream reach’s total surface area is in shadow during the day.

c. Percent of total solar radiation intercepted from reaching the water’s surface during the
day.

d. All of the above.
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EXERCISE 5.5
. Select a spot on your map and try the solar radiation prediction portion of SSTEMP.

Look in IP #16, pages 11-13 and 11-14, or IP #13 for representative dust and reflectivity
coefficients.

Compare your results with those from the USDA maps in the reference section.
. Test for model sensitivity to the input values.

. What are the strengths and weaknesses of this portion of the program?
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ANSWERS TO EXERCISE 5.3

1. To solve this problem, you will need to calculate many more parameters:

a.

K.

Lateral Temperature -- from the LCD we can find that the average annual air temperature
is 52.7°F. We will assume that the lateral flow is the same temperature.

Segment Outflow -- add the accretion to the inflow, as (.0208 * 43.4) + 60.38 = 61.283

Manning’s n -- assume 0.035. Additional fieldwork would be required to determine this
any better.

Width’s A Term -- for the equation w = aQ®, substitute known values. Thus, we have
60.96 =a(160.38"'%: therefore a = 29.14.

Thermal Gradient -- use 1.65.

Air Temperature -- from the LCD we can see that the average mean daily temperature for
July is 78.7 EF and the average maximum is 93.1°F.

Relative Humidity -- from the LCD, you find that the four daily readings 47, 28, 21, and
36%. Average these figures and express them as a percent, 33%, for the answer.

Wind Speed -- from the LCD, calculate that the average wind speed for July is 9.3 mph.
Percent Possible Sun -- again from the LCD, merely express the 78%.

Solar Radiation -- from the Input Data for the Solar Systems, find Grand Junction’s July
figure of 27977 KJ/M2. Multiply by 0.011574 to get the proper units. Finally factor in
the water penetration of 93% to get 301.139 J/M?/S/C.

Upstream Dam - yes.

You should get answers that look like:
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2.

Maximum Daily Water Temperatures
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3. Many things can happen separately or in combination to disrupt your fishery. For example, if
the flow were cut to a paltry 16 cms, or if the discharge temperature reached 16°C or if the air
temperature were a torrid 39°C, your maximum of 18° would be exceeded. Similarly, there
would be low temperature problems if the flow were increased, etc.

The fishery could be maintained for a remarkable 140 kilometers, but would the “average”
stream geometry and meteorology conditions remain the same?

4. A simple mixing may be performed by using the mixing equation Il (118) on page 11-55 of
the Information Paper 16.

Discharge and width
Length and elevation
Cloud cover and radiation
Daylight and radiation
Manning’s n and discharge

®oo0 o

55



f. Maybe others too

ANSWERS TO EXERCISE 5.4

5. Should be the Arctic Circle, latitude about 67°.

6. Width only matters for vegetative shade. Topographic shading is insensitive to changes in
width -- try it. In contrast, shading is sensitive to the width of the stream and the offset of
vegetation from it.

7. Should get about the same answers.

8. Limitations: (1) English only; (2) non-dynamic width.
Strengths: (1) Simplicity; (2) ease of learning.

10. Though “All of the above” may be correct for some streams, answer C is probably the best

choice in the context of the temperature models as it more accurately reflects what is going
on in the program.

ANSWERS TO EXERCISE 5.5

5. See answer 8, above.
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RULES OF THUMB

"There is nothing new under the sun, but there are lots of old things we don't know."
- Ambrose Bierce

One hundred years ago 50 to 55 degrees was considered a good house temperature. Fireplaces
provided the heat in those days. When stoves came into use, about 90 years ago, the temperature
rose to 62 degrees. With the increasing use of furnaces, some 50 years ago, a heat of 72 degrees
was quite usual. Today a temperature of 70 degrees is considered standard.

RESOURCES FOR FURTHER LEARNING

Should you get interested in learning more about these methods and programs, you may wish to
pursue the following literature from which most of the above material was derived:

Bartholow, J. M. 1989. Applied stream temperature analysis: Field and analytic methods.
Instream Flow Information Paper 13. Aquatic Systems Branch. Biological Report
89(17). 139 pp.

Cinquemani, V., J. R. Owenby, and R. G. Baldwin. 1978. Input data for solar systems. U.S.
Department of Energy. Environmental Resources and Assessment Branch. 192 pp.

Leopold, L. B., M. G. Wolman, and J. P. Miller. 1964. Fluvial processes in geomorphology.
W.H. Freeman & Company. 522 pp.

National Oceanic and Atmospheric Administration, Department of Commerce, National Climatic
Data Center, Federal Building, Asheville, N.C. 28801 (source of LCD’s).

Platts, W. S. 1990. Managing fisheries and wildlife on rangelands grazed by livestock. Don
Chapman and Associates (in conjunction with the Nevada Department of Wildlife). Boise,
Id. v.p.

U.S. Department of Commerce. 1983. Climatic atlas of the United States. National Climatic
Data Center. Asheville, N.C. 80 pp.
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TOPIC #6: FAMILIARITY DOESN’T BREED CONTEMPT

Time: 1-2 hours
Format: Homework
Assignment: (1) Skim parts | and 1l of IP#16.
(2) Incorporate errata in the body of IP#16.
(3) Look through remaining course material.
(4) Be prepared to ask questions tomorrow morning
Objectives: Familiarization with location of information throughout the course material.
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TOPIC #7: QUESTIONS FROM DAY 1

Time: 0.25 hours

Format: Discussion

Assignment: Be prepared to ask questions.
Objectives:  Clarity, perspective, and understanding.

After the first full day, covering Topics 1B5, students typically begin to question several things.
Although the question/answer session is meant to be free roaming, it is a good idea to make sure
that there are no outstanding questions on input parameter definitions. Some students begin to
feel uncomfortable about the predictive ability of the models; that is, they understand simulating
existing conditions but don’t quite get the feel for a “what if” analysis. In addition, averaging
meteorological values such as shade and solar radiation over a full day (or whatever averaging
period) may seem mysterious.

If you are taking the self-study class, take a moment and e-mail any questions to the instructor.
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TOPIC #8: LAY OF THE LAND:
SPATIAL DESCRIPTION OF STREAM NETWORK LAYOUT

Time: 1 hour

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Introduce three major logical components of temperature model.
(2) Define all node types and cover their connectivity.

NOTE: The following is a modified arrangement of the text originally appearing in Information
Paper #16, pages 111-63 to 111-94. Corrections and supplements have been made where
appropriate.

Organization of SNTEMP Data

General data requirements. The data required by the SNTEMP model includes job control
information, six other required input data sets, and an optional seventh data set. The input data
sets are: (1) stream geometry data; (2) time period information; (3) meteorology information; (4)
study node information; (5) hydrology node information; (6) hydrology data at the hydrology
nodes; and (7) shade data (optional). A node is a system descriptor point that defines what
process is to be simulated at that location within the network.

The stream geometry data consist of a network definition of the stream system (mainstem and
tributaries), including site location (distance upstream from some arbitrary downstream site), and
the stream geometry, including latitude, elevation, Manning’s n or travel time values, stream
width, shading data, ground temperature, and streambed thermal gradient. The time period
data include time step information, dust and ground reflectivity parameters, and calibration
factors by time period for air temperature and wind speed. The required meteorological data are
air temperature, wind speed, relative humidity, and percent possible sunshine. Observed solar
radiation at ground level is optional. Many items have default values built in or assumed, i.e., if
you don’t specify them yourself.

Study node information includes site location information for points where output predictions
are desired and not otherwise available. Hydrology node information includes site location
information for points in the system where hydrology data are required. Hydrology information
at the hydrology nodes includes discharge, stream temperature for certain node types, lateral
inflow temperature, and upstream discharge at any internal (flow-through) reservoirs in the
system.

Shade data are required if the stream shade model is to be used to calculate riparian and
topographic shading of the stream. Shade data include site latitude, site azimuth (orientation),
stream width, and the vegetative parameters, vegetation height, crown measurement, vegetation
offset, and vegetation density.
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In addition to these data sets, there is a master job control data set that defines the temporal
extent of the job to be run and desired output produced.

Defining Your Network

1. Begin with the end in mind. As best as you can, have a clear statement of the biological
problem(s) and objective(s). This will help make every later decision more clear.

2. Tentatively identify study area

a. Identify sections of stream with biological importance.
b. Add stream sections/features necessary for full range of management control.

3. Begin consideration of temporal periods of interest
a. Isthere a critical week/day in a season?
b. What seasons are important?

c. What kind of time step is necessary? We will cover how these questions impact the study
area (length of stream) in a later topic.
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4. Sketch your network layout to incorporate target sections of stream and include other nodes
that may be necessary. Then define the Skeleton Network. The stream system network is
defined by the proper ordering of node types. Initially, a stream system skeleton (bare bones)
network is defined by the following nodes:

(1) H (Headwater) - The upstream boundary of the mainstem and each tributary. Usually
at a gage or a “zero flow” headwater, i.e., a point of essentially no flow.

(2) S (Structure) - A point (reservoir) at a headwater or within the stream network that
may have a discontinuity in discharge and will have a release temperature controlled
or defined by the user. There are two kinds of structures: “headwater” and internal.
Headwater, as the name implies, forms an upstream boundary condition, while an
internal structure is a flow-through reservoir.

(3) B (Branch) - The point on the mainstem immediately upstream of a tributary
confluence.

(4) T (Terminal) - The last point of a tributary before joining with a mainstem.

(5) J (Junction) - The point on the mainstem just below a tributary confluence. Note that
mixing is straightforward:

T,=[(Qe*Te) + (Qr * T1)]/ Q,

Where the subscript J is junction, B is branch, and T is terminal, and the large T and
Q are temperature and flow respectfully. Note that the equation may be rearranged to
solve for whatever is the missing element, often quite usefully.

(6) E (End) - The network end point; i.e., the node farthest downstream.

The skeleton network is the minimum number of nodes needed to define the network and is
assembled once at the beginning of a particular study. The system may be represented by a
schematic diagram that identifies the locations of these nodes in relation to one another with
stream distances increasing upstream from a common point. The mainstem and tributary
headwaters are generally chosen to coincide with locations having historical flow and
temperature data or are the actual headwater sources near a point of zero discharge.
The following steps can be used to define the skeleton network:

1. Draw a schematic diagram of the network.

2. Select a system endpoint (E node, usually with a distance of 0.0).

3. Select the network’s mainstem (usually the true mainstem) and start at the top.
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4. Proceed downstream on the current mainstem (or tributary) until a structure (reservoir) or
tributary is encountered.

If a structure is encountered, insert a node point with an S node type.
If a tributary is encountered, then,

(@) Insert a B node on the current mainstem (or tributary) with the same distance as the
tributary confluence.

(b) Insert a starting H or S node for the tributary.

(c) Repeat step 4 above until the end of the tributary.

(d) At the end of the tributary, insert a T node.

(e) Insert a J node for the previous mainstem or tributary and proceed downstream.
(F) Repeat this procedure until the system endpoint (E node) is reached.

At this point, you will have defined the skeleton network, looking something like the major black
dots in Figure 8.1.

Next put flesh on the skeleton network. Once a common skeleton network is defined, additional
node types may be added to locate points where additional hydrology, stream geometry, and
output request information is available or necessary.

Additional hydrology nodes that may be included are:

(7) Q (Discharge) - A node within the network that is used to redefine the quantity of
instream (and therefore lateral) flow.

(8) V (Validation or Verification) - A node where the temperature is known and can be
compared to predicted temperatures.

(9) K (Calibration) - A node where the temperature is known and will be used for
updating the water temperature information. It is recommended that K nodes not be
used except under very special circumstances.

(10) D (Diversion) - A node from which water is to be diverted from stream.

(11) P (Point load) - A node where a point load discharges into the river at a known
temperature.
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(12) R (Return) - A node where diverted flow returns as a point discharge into the river.

Other reach definitions and output nodes include:

(13) C (Change) - The upstream end of a reach with new hydraulic or stream shading
properties.

(14) O (Output) - A node where output is needed from model.
The model automatically adds M (Meteorology) nodes at 300-m elevation intervals if your
network has a vertical gap of more than 300 m. This allows for a more precise translation of

single set of meteorology data at central weather station to on-stream locations.

Examine Figures 8.1a and 8.1b to see if they make sense in terms of translating “real world”
plumbing into a schematic representation.

Example Network Map

Reservoir

COMPOSITE NETWORK

Figure 8.1. “Real world” map and its schematic representation in SNTEMP’s node types.
Black dots represent the skeleton nodes, X-marks are hydrology nodes, and O-marks are O
and C nodes.
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RULES OF THUMB
"It is better to know nothing than to know what ain't so." — Josh Billings

Remember the above when thinking about SNTEMP's defaults. They work pretty well most of
the time. You can do better, but don't put in bad stuff.

Strange but true, typical applications of SNTEMP usually have about 30 nodes, almost regardless

of the spatial extent of the network. Don't let this determine what you do, but just keep it in

mind.

SUGGESTED READINGS FOR TOPIC 8

Information Paper #16

Dinan, K. F. 1992. Application of the Stream Network Temperature Model (SNTEMP) to the
central Platte River. Professional paper, Department of Fish and Wildlife, Colorado State
University, Fort Collins, Colorado. 49 pp. plus appendix.

REVIEW QUESTIONS FOR TOPIC 8

1. Given what you know about SNTEMP’s node types, how would a stream with multiple
braided channels be modeled?

2. Of all the nodes, Q, V, and K seem to cause the most confusion. Can you explain each of
these nodes, why they may be used, and any problems associated with them?

65



ANSWERS TO TOPIC 8

1. SNTEMP cannot directly model braided streams; the model assumes a strict linear but
dendritic hierarchy. There is a new option to pass diverted water from a D node to another
arbitrary hydrology node (without intervening heat flux), but it is sort of a kludgy add-on.
One river, the Platte in Nebraska, was modeled (Dinan 1992) with great difficulty by
developing empirical relations about how much flow was in each channel at different stages
and essentially modeling the channels independently, then merging them “by hand.” If you
really need to do this type of modeling, the Branched Lagrangian Transport Model (BLTM)
model, I think, may do this a lot better. See Topic 32 for more on BLTM.

2. Discussion.
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TOPIC #9: HOW TIME FLIES:
TEMPORAL DESCRIPTION OF STREAM TEMPERATURE MODEL

Time: 0.5 hours

Format: Lecture/Reading

Assignment:  Review notebook material.

Objectives: (1) Understand averaging periods and what that means for data collection.
(2) Understand theoretical constraints on model application.

SNTEMP’s Time Step

Hydraulic engineers classify flow problems as steady state or dynamic. Steady flow means that
stream flow is essentially unchanging over a specified time interval at a given location. In
contrast, dynamic flow you might imagine is not steady -- it changes over time. For our
purposes, dynamic flow is principally hydropeaking, where flows may vary greatly within a
single day, or perhaps within an hour. Obviously, there is a large spectrum of dynamic flow, all
the way from extreme hydropeaking to moderated ramping hydropeaking, to daily irrigation
withdrawals, to daily snowmelt, to daily evapotranspiration variations. Any can be large or small
with respect to the “base” flow or “minimum” flow, and with respect to the period over which
changes occur. Unfortunately, there is no hard-and-fast rule for distinguishing steady from
dynamic flow; it is always a matter of degree. Flows can be gradually varying in SNTEMP.

For SNTEMP's purposes, the period over which any changes occur will be referred to as the
averaging period. SNTEMP can support averaging periods from a minimum of one day to 366
days, though typically multi-day periods are either seven days or one month. All processes that
happen within that interval are averaged for SNTEMP. In other words, in a weekly time-step, a
steady flow representation of a system cannot “see” a two-day duration flood that happened some
time within that week. Similarly, a daily time-step model cannot be used to evaluate the effects
of a peaking power release.

To up the ante, SNTEMP is referred to as an average mean daily model. This means that the
model produces estimates (or predictions) for the daily mean water temperatures averaged over
the averaging period. Said another way, if the model were a weekly model, the output would
represent mean daily water temperatures for an average day within that week. This means that all
the inputs to SNTEMP are averaged over the same averaging period, e.g., a day, a week, or a
month. Thus, as mentioned above, the 2-day freshet that occurred within a week gets lost in the
averaging for flow. Similarly, as far as cloud cover goes, a 24-hour period that is clear all night
and cloudy all day looks the same to SNTEMP as a 24-hour period that is cloudy all night and
clear all day. This averaging is one source of error in SNTEMP.

Because events and processes are averaged for the averaging period, this implies that SNTEMP
is a steady state model. It does not mean that dynamic problems cannot be simulated, but it does
mean that the dynamics will be lost, the highs and lows will be averaged out. If your objectives
include the analysis of hydropeaking, you must seek a different model.
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For SNTEMP, the travel time for water from the most upstream node to the most downstream
node (E node) should be less than the model's averaging period. Since travel time is longest (i.e.,
velocity is slowest) at low flow, and it is usually imperative to have a good model that well
represents the low flow-high temperature conditions, the maximum extent of your study area may
need to shrink or the time step lengthen. This is because the heat flux model, being an average
model, “looks” at the stream in steady state. For example, if today’s mean water temperature in a
given reach is partially controlled by what transpired meteorologically speaking yesterday, the
model is invalid. Said a different way, all the water in the network must enter and exit within
one averaging period.

To get around this limitation, one could develop two or more spatially distinct models with
temperature predictions from one model cascading from one to another. This would be a big
hassle unless you wrote some automatic procedure to accomplish this feat. Alternately, as
mentioned, one lengthens the averaging period to two days, one week, etc. One final tidbit, there
is some small bit of evidence that SNTEMP performs best when the travel time through the study
area exactly matches the averaging period.

The more you bend any of the above rules, the worse the model can be expected to perform.
These words of wisdom are not meant to scare anybody off. The model will likely perform fairly
well for a whole variety of less-than-perfect conditions. Just keep your eyes open.

In summary, SNTEMP is a steady state, average mean daily model. Steady state refers not
only to flow, but to all input and output to and from the model. The travel time of water through
the network should be within a single averaging period. The more any of these rules are
broken, the poorer the performance of the model.

RULES OF THUMB

"You could not step twice into the same rivers; for other waters are ever flowing on to
you." - Heraclitus

See the Q&A session below.

What's the best method for computing mean daily temperatures? Unless it is all you have, rather
than use the daily maximum and minimum, it is best to take all the daily sample values, of
whatever interval, and average them. For example, if your instrumentation were set to sample
hourly, you would take all 24 values and average them. This applies to all values, be they water
or air temperature, or other meteorological variables. Simply taking the (maximum-
minimum)/24 introduces a seasonal bias, usually less than 1.0°C, but a bias nonetheless.

For air temperature only, a good approximation to the mean daily temperature is (7am + 2pm +
9pm +9pm)/4. (Sunrise + 2 pm + 9pm)/3 works well too. | am unaware of similar rules of
thumb for water temperature.
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SUGGESTED READINGS FOR TOPIC 9

The following article sheds some light on the network extent problem and discusses other basin
temperature models.

Sullivan, K., J. Tooley, K. Doughty, J. E. Caldwell, and P. Knudsen. 1990. Evaluation of
prediction models and characterization of stream temperature regimes in Washington.
Timber/Fish/Wildlife Rep. No. TFWBWQ3B90B006. Washington Dept. Nat. Resources,
Olympia, Washington. 224 pp.

The following article is an example of how all the steady state rules were broken for an analysis
of hydropeaking:

Waddle, T. J. 1988. Water temperature data analysis and simulation for the Salmon River, New
York, Summer 1986. Pages 201B211 in H. J. Morel-Seytoux and D. G. DeCoursey, editors.
Proceedings of the eighth annual AGU front range hydrology days, Water Resources
Publication 1988.

REVIEW QUESTIONS FOR TOPIC 9

1. Though we haven’t covered calibration of SNTEMP, what's your guess: is the model likely to
perform better (closer agreement between simulated and field-observed temperature values)
for a daily model, weekly model, or monthly model? Why?

2. But wait, you say. You've really got to get a handle on what happens during hydropeaking.

What if | model the highest flow that occurs during the averaging period and model the
lowest flow? Could I then “bracket” the temperatures that are likely to occur? Yes or No?
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ANSWERS FOR TOPIC 9

1. Averaging removes the extremes. Thus, the longer the averaging period, the greater the
likelihood the model and the field measurements will agree closely. The shorter the
averaging period, the more the extremes will be present and the more likely the model will
miss. Consider the cloudy day versus the cloudy night example mentioned above. Both days
look the same to SNTEMP, but have obvious consequences for daily water temperature,
especially the maximum. The model will overestimate water temperatures for the cloudy day
and will under estimate for the cloudy night. But including them both in a single averaging
period will smooth the wrinkles.

2. Yes. This is possible, but one cannot say for sure that any temperature is any more likely
than another within the range so derived.
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TOPIC #10: MOVE IT:
TRANSPORT OF WATER AND HEAT
WITHIN THE STREAM TEMPERATURE MODEL

Time: 1 hour

Format: Lecture/Reading

Assignment:  Review notebook material

Objectives: (1) Understand boundary conditions and forcing functions.
(2) Understand why the SNTEMP model is not a hydrology model.
(3) Understand the limitations of SNTEMP’s maximum temperature
calculations.

1. Heat is transported by flow, so it is important to get the flows right or you will not get the
temperatures right.

a. Water moves downstream between hydrology nodes, H, B, T, S, J, Q, K, V, and E.
b. Thermal mixing takes place at J, R, P nodes.

c. Lateral inflow, computed as simple flow differences between upstream and downstream
hydrology nodes, is continuously mixed with the stream.

d. All flow values for nodes are supplied from outside the model for all hydrology nodes:

1. Stream flow data must be supplied for H, B, S, T, Q, K, V, and J nodes. One
exception is the “zero flow headwater” for which one assumes zero flow and no
perceptible water temperature, letting normal heat flux processes operate from that
point downstream.

2. Diversion (D) and Return (R) flow discharges are not connected in the model. That
iS, no heat flux occurs between D and R nodes; in fact, the model knows nothing
about connections, with one exception described later.

3. Internal S nodes (not headwater S nodes) must have both inflow and outflow
specified.

4. All flows supplied are assumed to be correct. If they are not, improper mixing leads
to bad temperature predictions because the heat is not maintained correctly.
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2. Water temperature values must be supplied at:
a. Non-zero flow headwaters (H & S Nodes)
b. P,V, Knodes
c. R -orablank value will default to equilibrium temperature.

d. S - release temperature must be supplied as model essentially starts over at a structure.
There is, however, an option to compute an equilibrium release temperature.

e. NOTE that J nodes do not need temperature data as the model mixes from upstream T
and B nodes.

3. Data Sources
a. Flow

1. USGS and other agency gage records can be used for H, S, Q, K, V, B, T, E node
flows; also see HYDRODATA and EARTHINFO.

2. Diversions, Return flows, Point sources, etc., from water users, state engineer, or
model estimates.

3. There are usually not enough gages to define flows at all nodes in a network so known
flows must be distributed to the other nodes using a replicable process; choices are:

a. Write a separate distribution model as in IP#16. One could use a drainage area
ratio technique, or perform a linear distribution, or some combination. Consult a
hydrologist;

b. Use an existing routing hydrology model that has been calibrated for the basin,
e.g., the Stanford Watershed Model (SWM));

c. Perform similar routing hand calculations for small studies.
b. Temperature

1. USGS and other agency gage records, hatchery records, municipal intakes, etc., for
H, S, Q,K,V,B,T,E, Cnodes; also see HYDRODATA and EARTHINFO.

2. P nodes from water user or discharger.

3. R nodes must usually be based on assumptions unless gaged.
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4. Maximum Temperatures

Both the SSTEMP and SNTEMP models suffer from the disadvantage of less than perfect
maximum temperature predictions. SNTEMP was developed to predict mean daily temperatures;
the entire mathematical basis was simplified for this purpose. Maximum daily temperature
estimation was perhaps something of an afterthought and suffers from the following problems:

a. The calculations are empirical, not theoretical. It is a matter of coaxing an instantaneous
maximum temperature out of a daily average model. Theurer et al. (1984, pages 11-30 to
11-32), derive a way to estimate average afternoon air temperature, the major component
of estimating maximum daily water temperature. Regression coefficients were
determined for normal meteorological conditions at 16 selected weather stations around
the country. (Normal has a specific meaning in this context. It is the arithmetic mean of
a historical data set, usually represented by the previous 30-year period.) Table 11-3 (in
Theurer et al. 1984) shows the R-values, standard deviations, and probable differences for
each of the 16 stations and for all stations combined. Each of these three statistics is
noticeably poorer for all stations combined than for most of the individual stations. This
means, no surprise, that we are not sampling from the same underlying distribution in
creating the coefficients for the whole set. This is evident in the regression coefficients
(a0, a1, a2, and a3), which are highly variable, often by an order of magnitude, as well as
varying from positive to negative. This can be improved by performing the same
regression for your local study area’s meteorology. There is a provision to substitute your
own coefficients in the job control file. Note that SSTEMP has been improved to allow
you to supply the maximum daily air temperature.

b. Updating the regression coefficients, however, is not likely to fully correct the maximum
daily water temperature calculations in areas within about six hours travel time from
either reservoirs or major tributaries with markedly different mixing temperatures. The
reason is that SNTEMP doesn’t “know” anything about upstream conditions in predicting
maximum temperatures. The program extends the current reach’s stream geometry
“indefinitely” upstream to simulate the conditions through which the water must travel
from solar noon (assumed mean daily water temperature) to solar sunset (assumed
maximum daily water temperature). This in itself is a major limitation of the model, only
partially corrected in the SSTEMP program by the addition of the Dam at head of
segment switch.
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c. The distance the model looks upstream to find the water at solar noon is a function of
flow, width, and Manning’s n, all of which are average values. Many people have a feel
for Manning’s n values only by experience with one of the Midcontinent Ecological
Science Center hydraulic simulation models, IFG4. Such experience, however, may be
misleading because the Manning’s n values in IFG4 are really not hydraulic retardance
values at all, but rather act as velocity adjustment factors - - a nice name for a fudge
factor. Manning’s n values derived from a water surface profile (WSP) type simulation
are likely to be much more representative. Consultants from Woodward Clyde have told
me that measurements of Manning’s n from hydraulic simulations can be “very
inaccurate” compared with actual measurements from time-of-travel studies. The fact
that n or travel time both vary with discharge, especially at low flows, confounds the
situation, and no provision is made in the models to do so. One could, of course, make
multiple runs using different n values.

Each of the above reasons taken independently, and certainly combined, means that one should
always treat the maximum daily water temperature predictions from SNTEMP with care and
should subject the predictions to validation. It would be nice to enhance SNTEMP to directly
enter readily available maximum daily air temperatures, but it has never been a high enough
priority. [Show us the money.]

Corrections for the regression coefficients and Manning’s n should both help. Neither, however,
will eliminate the problem with “looking” upstream. This is an area for improvement in the
programs. Indeed, Woodward Clyde Consultants have apparently made proprietary
improvements to the maximum temperature algorithms by changing the way the model
“remembers” what is upstream. Their improvements show better correspondence with
observations (Voos, pers. comm.). Even with these changes though, the models leave something
to be desired.

The bottom line is that if maximum temperatures from SNTEMP prove unsatisfactory with the
incorporation of localized a0 to a3 coefficients, the development of a regression model that
includes the mean daily water temperature and appropriate meteorological parameters in a
fashion similar to the approach outlined in Theurer et al. (1984) is in order. Standard statistical
techniques for inclusion or exclusion of parameters should be done. Occasionally, innovative
approaches will be required.

In summary, SNTEMP is not a hydrology model. Accurate flows must be assigned at all
boundaries and mixing locations. Water temperatures must be assigned at all boundary locations.
The single exception is the “zero flow headwater.” Maximum temperature predictions require
extra calibration to be accurate, and may never be very good at certain locations in the network.
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RULES OF THUMB

Be careful and scrutinize your output. Don't forget that Manning's n may be used as a calibration
factor. See the Temperature Model FAQ at
http://www.mesc.usgs.gov/sre/sntemp_fag/sntemp_faqg.htm.

SUGGESTED READINGS FOR TOPIC 10

Theurer, F. D. 1985. Heat transport equation for the instream water temperature model. Pages
372-377 in Proceedings of the Natural Resources Modeling Symposium. Agricultural
Research Service ARS-30, April 1985.

Theurer, F. D., K. A. Voos, and W. J. Miller. 1984. Applications. Part Il in Instream
water temperature model. Instream Flow Information Paper 16. U.S. Fish and
Wildlife Service. FWS/OBS-84/15. approx. 200 pp.

REVIEW QUESTIONS FOR TOPIC 10

Why do we emphasize that SNTEMP is not a hydrology model? Using what you know about the
mixing equation, show why this is so important.

ANSWERS FOR TOPIC 10
The mixing equation is:

T;=[(Qe*Te) + (Qr*T1)]/ Q,

Look at what happens if any of the Q values is incorrect.
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TOPIC #11: COOKING IT:
METEOROLOGICAL INFLUENCES

Time: 1 hour
Format: Lecture/Reading
Assignment: Review notebook material
Objectives: (1) Introduce meteorological data requirements.
(2) Understand the definition of meteorological variables.
(3) Understand representativeness considerations in met data.

Heat flux simply mean the rate of change in heat over a specified period of time. For our
purposes, flux is measured in units of energy per surface area per time. The basic equation for
heat flux used for SNTEMP is:
NET HEAT FLUX = + SOLAR RADIATION
+ ATMOSPHERIC RADIATION

+ VEGETATIVE (AND
TOPOGRAPHIC) RADIATION

+ EVAPORATION

+ CONVECTION

+ CONDUCTION

+ FRICTION

- WATER’S BACK RADIATION

Figure 11.1. Basic heat flux components considered by SNTEMP.
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Let’s go into more detail on those components related to meteorology.

SOLAR RADIATION FACTORS (SIMPLIFIED)

“RAW” SOLAR RADIATION USER SUPPLIED PARAMETERS
Eccentricity
Positional Orbit position
Correction Declination

Sunrise/sunset angle 4¢4¢—Latitude

v

EXTRA-TERRESTRIAL
LEVEL RADIATION

Air temperature
44— Relative humidity

Reflectivity coefficients (empirical)

Atmospheric < Absorption Elevation
Correction Path length Dust coefficient (calibration)
Latitude
Ground reflectivity
(calibration)
v
ATMOSPHERIC LEVEL RADIATION
Cloud Cover Cloud cover 4¢——Percent possible sunshine
Correction
Day length 44— Latitude
Topography
v
GROUND LEVEL RADIATION
Reflection Solar altitude
Correction

v

RADIATION PENETRATING UNSHADED WATER

Figure 11.2. SNTEMP’s functional schematic for getting radiation from the sun into the water.
In this and the following diagrams, user inputs are generally shown on the right hand side of the
figure and the processes they influence on the left.
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First, we begin with “raw” solar (short wave) radiation. SNTEMP performs a positional
correction by calculating the position of the sun in the sky relative to the study area’s latitude
and time of year. The position itself is a function of the three million mile eccentricity of the sun
in its “apparent orbit"” around the earth (perihelion on December 31% and aphelion on July 2",
the position on that orbit due to time of year, the orbit’s declination or tilt with respect to the
earth’s N-S axis, and the local sunrise-sunset angle given the study area’s longitude on the earth.
All of the above factors result in the amount of short wave radiation reaching the earth’s surface
if there were no atmosphere, so called extra-terrestrial radiation.

Second, SNTEMP performs an atmospheric correction by determining the length and quality of
the path that radiation takes through the atmosphere to the study area. Recall for a moment a few
things you may have learned about this. Given the earth’s wobble (or the sun’s declination,
depending on how you look at it) points along the equator get vertical rays on the equinoxes,
September 23 being the autumnal and March 21 the vernal equinox. The tropic of Capricorn and
Cancer get vertical rays on Dec 22 and June 12, respectively. Points above or below the tropics
(023.5°) never get vertical rays. Our atmosphere is 300 miles thick, so the radiation gets
attenuated (absorbed and scattered) by that medium. The important factors in addition to latitude
are shown in Figure 11.2: air temperature, relative humidity, elevation of the study area, dust in
the air, and reflectivity of the surrounding ground cover. This gets us through the atmosphere
and to the top of the clouds.

The third step is to get the remaining radiation through the clouds, the cloud cover correction.
SNTEMP’s primary input here is percent possible sun, a measure of the amount of time the sun’s
rays are not obscured by the clouds. The model knows how many hours the sun could shine at
this latitude and time of year, so it can calculate the amount actually getting through the clouds.

Making it through the clouds is not the last obstacle. The radiation must still make it through any
vegetation (which we will discuss in more detail later) on a reach-by-reach basis, and not be
reflected off the water’s surface. This reflection correction is determined by the altitude of the
sun and some empirical relations. In general, about 93% of the direct solar radiation actually
penetrates the water to impact heat flux.
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SOLAR SHADE FACTORS (SIMPLIFIED)

UNSHADED EARTH

Level plain << Latitude
modification
v
v
SHADE OF EARTH
Local
Sunrise/sunset << Topographic shade 4€——East/West
modification Azimuth
v
v
SHADE OF TOPOGRAPHY
Crown
Riparian Shade 44— Vegetation <«€¢——fHeight
modification Stream width Offset
Density
v
v

SHADE OF VEGETATION

44— Radiation penetrating
unshaded water

v

v
SHADED RADIATION
PENETRATING WATER

Figure 11.3. Functional schematic for influences of shading on solar radiation.

Just as we took solar radiation through the atmosphere to the water for the study area as a whole,
SNTEMP calculates shading for each individual stream reach as influenced by local reach
position, topography, and riparian vegetation (Figure 11.3). The large scale process we dealt
with earlier essentially considered the sun’s rays reaching the earth as if it were a point, but it is
actually a sphere and thus generates its own shade in terms of local sunrise and sunset horizons.
The first shading calculations assume a perfectly spherical earth and result in the so-called level
plain modification given the study area’s latitude.

Next, local topography further influences the reach specific sunrise and sunset. Eastside and
westside topographic measurements combine with the azimuth (orientation of the reach with
respect to a N-S position) for these calculations. Finally, any intervening vegetation further
screens or shades the radiation. This is accomplished through trigonometric calculations
involving the diameter of the trees and their offset from the water’s edge, the height of that
vegetation, and the relative density (shadow due to filtering and streamside continuity) of the
vegetation. Azimuth is determined solely using SNTEMP’s convention of always measuring
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from the N-S axis regardless of direction of flow. The angle is further constrained by convention
to be between -90E and +90E. See Figure 11.4.

0° 00
il ]
90 W|||E f+o0c  -90° w T E  |+90°
i N |
— -
W
00
N S
W
90of =L 4900 1+ 900
E
00
-90° +90°
N
E
00
S
~90° +90°

Figure 11.4. Azimuth conventions in SNTEMP and SSTEMP.
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Emissivity of Air temperature
atmosphere 44—

Vapor pressure
ATMOSPHERIC RADIATION <«<4— [Atmospheric shade

Cloud cover

Reflection

Emissivity of

vegetation
VEGETATIVE <4¢——Riparian shade
(AND TOPOGRAPHIC)
RADIATION Air temperature
Wind speed
Relative humidity
EVAPORATION 44— Air temperature

Water temperature

Figure 11.5. Functional schematic #1 for other heat flux components dealing with meteorology.

I’m not going to say much more about the other heat flux components except what is shown in
Figures 11.5 and 11.6. Atmospheric radiation results from short wave radiation from the sun
passing through the atmosphere, some of which is reflected back into space, but some is absorbed
and re-radiated, both by the atmosphere and clouds, as long wave radiation. The same thing
happens with the local topography and streamside vegetation. Air temperature and wind speed
affect these processes, as do the emissivity of the media themselves, which could be considered
the efficiency of energy conversion from short to long wave.

Evaporation is controlled by the air temperature with respect to that of the water, and the
amount of moisture in the air, relative humidity. Water that evaporates cools the water that is left
behind; water that condenses warms the receiving body. In the heat flux equation, only the sign
changes.

81



Wind speed

CONVECTION << Atmospheric pressure <4¢—=FElevation
Air temperature

Water temperature

Thermal conductivity

CONDUCTION 44— Bed equilibrium
temperature <4<4—7Depth to

Water temperature

Stream gradient 4<4——=Elevations
FRICTION << Discharge

Top width
WATER Water temperature
BACK RADIATION 44— Emissivity of water

Figure 11.6. Functional schematic #2 for other heat flux components dealing with meteorology.

Convection is that process whereby heat is moved directly from the air into the water (or vice
versa), not by radiation, but by direct molecular stimulation. Again, this process is a function of
air temperature relative to that of the water, and atmospheric pressure that is itself a function of
elevation. Convection is enhanced by wind speed.

Conduction is that process of moving heat to or from the streambed. It is a function of the so-
called thermal gradient, which is a measure of the insulating capacity of the bed material and the
relative temperatures of the water and bed.

Friction is governed by the stream gradient, obviously a function of the elevations, but also the
discharge and the stream width. Note that if you have a choice, use bed elevations instead of
water surface elevations.

Finally, the water itself gives off radiation much like that from the atmosphere, clouds,

vegetation, and topography. This is referred to as back radiation and is a function of the water
temperature and the water’s emissivity.
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Correction for Elevation

Just when you thought we were through, there are two other important things to learn about
SNTEMP and meteorology. First, SNTEMP uses a simplistic way of correcting air temperature
for elevation. It employs the so-called adiabatic correction of 2°F per 1000 feet. In addition,
relative humidity and atmospheric pressure are also corrected for elevation (Figure 11.7).
Because the adiabatic correction might not always work well, the model provides the facility to
modify this adjustment factor by elevation zone, if you have the data to support it.

Air Temperature

Adiabatic <4¢———Humidity <4¢———Elevation correction
Corrections

Atmospheric Pressure

Figure 11.7. Adiabatic correction by elevation.

Second, the maximum daily water temperature estimation is rather a kludge as previously
discussed. It is a function of the maximum afternoon air temperature, which is not input to the
SNTEMP model. Maybe it will be someday, but until then, the maximum afternoon air
temperature is a function of radiation, humidity, percent possible sun, and a set of empirically
derived coefficients (Figure 11.8). If you are interested in accurately predicting maximum daily
water temperatures, it is recommended that you perform a regression to develop these
coefficients for your study area.

24-hour average air
temp.

Average Afternoon

Air temperature <t———

Radiation
Humidity

24-hour max. temp. <4——Sunshine ratio
L Empirical coeffs.

Figure 11.8. Maximum daily air temperature relationships.
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Maximum daily water temperatures are also a function of travel time or Manning’s n. We have
already discussed problems with determining upstream retardance in a dendritic network.
Regardless, travel time data are preferable to Manning’s n values, if available. Note that daily
minimum water temperatures are simply a mirror image around the mean. This may be one of
the worst assumptions in the model, if you want to call it that, because diel temperatures are
rarely symmetrical, but it is better than nothing.

RULES OF THUMB

"The Sun, the hearth of affection and life, pours burning love on the delighted earth.”

- Arthur Rimbaud
Air temperature is the most important meteorological component in controlling mean daily water
temperature, typically followed by relative humidity. Solar radiation and wind speed are further

down the list, with percent possible sun and ground temperature. However, solar radiation is
very important for maximum daily water temperature.

SUGGESTED READINGS FOR TOPIC 11

Bartholow, J. M. 1993. Sensitivity of the U.S. Fish and Wildlife Service’s Stream Network
Temperature Model. Pages 247-257 in Morel-Seytoux, editor, Proceedings of the Thirteenth
Annual American Geophysical Union Hydrology Days. Fort Collins, CO.

Mattax, B. L., and T. M. Quigley. 1989. Validation and sensitivity analysis of the stream
network temperature model on small watersheds in Northeast Oregon. Pages 391-400 in
Proceedings of the Symposium on Headwaters Hydrology. W. W. Woessner and D. F. Potts,
editors. American Water Resources. Bethesda, MD 20814-2192.

REVIEW QUESTIONS FOR TOPIC 11

Just by looking at the diagrams of meteorological influences on heat flux, how could you tell that
air temperature is one of the most important variables?

ANSWERS FOR TOPIC 11

Aiir temperature occurs more often than any other item on these diagrams. It is influential in
almost every process. Which factor shows up with the next greatest frequency?
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TOPIC #12: MIXING THE INGREDIENTS:
OVERALL DATA FILE SCHEMA FOR SNTEMP

Time: 0.5 hours

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Understand the full range of input files.
(2) Understand general file building sequence.

Up to now, you have learned about the three major components of the temperature model: stream
geometry, hydrology, and meteorology. You should have a good feel for the kinds of input data
that are required. What you don't know is how to feed this monster, who, like a young child, is
picky at the input trough.

There are actually nine different input files for SNTEMP, further complicated because one
(shade) is optional and one (skeleton) is only a useful intermediate product never actually used in
the model. As you learn further about the contents of each file and its specific structure, you will
grow to appreciate the wisdom of the following figure. Each application is different and you may
find that your personal style of assembling data files differs from that shown in Figure 12.1, but it
will nonetheless prove instructive to refer to the figure as we proceed.

Subsequent topics cover the individual data file formats in a tedious, field-by-field manner. It

will be easy to lose sight of the forest for the trees. Please refer back to the next figure often as it
will help guide your learning.
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JOB CONTROL | (may also be

FILE built last)
v v
| |
SKELETON (never actually used TIME PERIOD
NETWORK FILE in SNTEMP) FILE

add C nodes add O nodes add Q, V, K,

v v v D, P, R nodes v
] ] ] ]
STREAM STUDY FILE HYDROLOGY METEOROLOGY
GEOMETRY FILE NODE FILE FILE

subtract T, B, E nodes

v v

] ]
SHADE FILE | (optional) HYDROLOGY
DATA FILE

Figure 12.1. Recommended file building sequence. (Adapted from IP#16.)

REVIEW QUESTIONS FOR TOPIC 12

No specific questions.
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TOPIC #13: SPATIALLY ORGANIZED DATA FILES:
SKELETON, STUDY, STREAM GEOMETRY, SHADE, AND HYDROLOGY NODE

Time: 1 hour

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Understand what data goes in which file.
(2) Understand specific file formats.
(3) Understand any defaults that are available.

Stream identification. SNTEMP has several files that refer to geographic locations, i.e., the
nodes. Each node identifier in every file requiring them has a unique identification distinct from
every other node. The identification consists of a 16-character stream name; an

8-character node field, the first character of which is the node type identifier; and an

8-character distance field containing the stream distance referenced from a common downstream
point (usually the E node). Distances always increase upstream. A 47Bcharacter remarks field
is also allowed. An example node is:

Green River S 661.3 Flaming Gorge Dam

where the stream name is “Green River”, node type is "S"* for Structure, distance is “661.3”
kilometers from an arbitrary zero point downstream, and the remarks describe the node location
as Flaming Gorge Dam.

Remember, it takes all three fields (stream name, node type, and stream distance) to uniquely
identify each node in the network. It is not unreasonable to have two nodes with the same stream
name and distance, but different node types. For example a Q node and a C node may occur at
the same location, but to avoid confusion it is best not to. The stream identification must be
consistently named on each stream (see example after Table I11-5). If your stream changes
names, use a hyphenated combination.
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The node field (columns 17-24 in all data files requiring identification) is described as:

Column
position

Must appear
in file

Use

17

18

19

20

21

All files

Hydrology node

Hydrology node

Hydrology data

Hydrology data

Node type -- part of stream identification.

Local output flag -- if this character is a “T”, the
corresponding node will appear in all output files
regardless of other spatial output flag requests. If this
character is an “F”, the corresponding node will not
appear in any output files regardless of other spatial
output requests. Any other characters, including blanks,
default to the global requests found in the job control
file.

Number of linkage records -- integer numbers (0-9) used
to indicate the number of hydrology linkage records that
will immediately follow the current record in the
hydrology node file. The linkage records are ignored by
the SNTEMP program.

Smooth/fill water temperature regression flag -- default
is fill, “S”” is smooth, “F” is fill.

Water temperature regression model option -- default is
“1”:

1 - zero lateral heat transport. In general, do not use
below an S node.

2 - linear standard 2nd degree multiple regression.

3 - nonlinear complete heat transport; not currently
available, will default to option “1”.

4 - self-initialization; for zero discharge H nodes.

5 - flow through, for release temperatures of reservoirs to
be set equal to receiving temperatures.

6 - equilibrium release temperatures; for reservoirs
where release discharges are skimmed from the surface
and are assumed to be near equilibrium water
temperature. Beware of negative values during winter.
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Column Must appear
position in file Use

22 Stream geometry Local shade model flag -- overrides the
global shade model flag if nonblank.

23 and 24 Hydrology data Temperature transfer code.

While it is good practice to have the entire node fields identical for the same node in different
files, it is not always necessary. All options pertaining to a specific file must appear in the node
field as indicated above.

Skeleton file. Recall from Topic 8 that we defined the so-called skeleton nodes: H, B, T, J, S,
and E. These node descriptors are all grouped in the optional skeleton network file, a file useful
for building most of the other required files. The format for that file is given in the following
table.

Table 111.5. Skeleton network file format.

Record no. Field Variable description

1 1-80 Title

------- Stream Node Descriptor - - - - - ----------------------------

2 1-16 Stream name
2 17 - 24 Node type identifier
2 25-32 Distance from the system endpoint (km)
2 33-80 Remarks to describe node
3 [to end Repeat stream node descriptor (record 2) for
each node

An example of the skeleton node file looks like:

SKELETON FILE: UPPER COLORADO RIVER BASIN--VERIFICATION DATA SET
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GREEN RIVER S 661.3 FLAMING GORGE DAM

GREEN RIVER B 556.7 YAMPA RIVER CONFLUENCE
YAMPA RIVER H 681.5 MAYBELL

YAMPA RIVER S 652.0 CROSS MOUNTAIN

YAMPA RIVER B 638.8 LITTLE SNAKE CONFLUENCE
LITTLE SNAKE H 651.6 LILY GAGE

LITTLE SNAKE T 638.8 YAMPA CONFLUENCE

YAMPA RIVER J 638.8 LITTLE SNAKE JUNCTION
YAMPA RIVER T 556.7 GREEN RIVER CONFLUENCE
GREEN RIVER J 556.7 YAMPA RIVER JUNCTION
GREEN RIVER E 399.0 DUSCHESNE RIVER CONFLUENCE

Study file. This file contains all the skeleton nodes plus any specific points where temperature
output is required by the user. These points may coincide with other studies on the stream
system, but are not included in any of the stream features of geometry, hydrology, or shading. An
O node is inserted at these points. The format for the study file is given in Table 111.7.

Table 111.7. Study file format.

Record No. Field Variable description
1 1B 80 Title line
2 1B 16 Stream name
2 17 Node type
2 18 Local output flag
2 19 Hydrology model linkage flag
2 20B 21 Regression instructions
2 22 Local shade model linkage flag
2 23B 24 Unused
2 25B 32 Distance (km) from system endpoint
2 34B80 Remarks describing node
3 [E node Repeat of record 2 description
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An example study file look like:

STUDY FILE: UPPER COLORADO RIVER BASIN--VERIFICATION DATA SET
GREEN RIVER S 661.3 FLAMING GORGE DAM
GREEN RIVER B 556.7 YAMPA RIVER CONFLUENCE

YAMPARIVER H 681.5 MAYBELL

YAMPA RIVER S 652.0 CROSS MOUNTAIN

YAMPA RIVER B 638.8 LITTLE SNAKE CONFLUENCE
LITTLE SNAKE H 651.6 LILY GAGE

LITTLE SNAKE T 638.8 YAMPA CONFLUENCE

YAMPA RIVER J 638.8 LITTLE SNAKE JUNCTION
YAMPA RIVER T 556.7 GREEN RIVER CONFLUENCE
GREEN RIVER J 556.7 YAMPA RIVER JUNCTION

GREEN RIVER 0 423.2 OURAY REFUGE STUDY SITE
GREEN RIVER E 399.0 DUSCHESNE RIVER CONFLUENCE

Stream geometry data and file. After C nodes have been added to the stream skeleton network,
the stream geometry nodes have been defined. The following data have to be supplied at all H,
J, S, and C nodes to complete the resulting stream geometry data: site latitude and elevation,
Manning’s n-value or travel time, stream width coefficient and exponent, minimum and
maximum stream shading, ground temperature, and streambed thermal gradient.

Latitude and elevation should be assigned the values that actually occur at the node location. The
other items represent the average conditions between the current and next downstream stream
geometry node.

The number of C nodes added to the skeleton network is dependent on the overall size of the
network, the distance between skeleton nodes, and the uniformity (or homogeneity) of the
system. It is recommended that a new C node be added whenever significant changes in physical
stream geometry or shading occur. The model automatically supplies M (meteorological) nodes
at every 300-m elevation change, if more than a 300-m difference in elevation exists between
user-specified stream geometry nodes.

The stream geometry file is used to record the stream geometry in the system. Each node in the
system is defined by three records in the file. One record is a blank line used as a visual
separator between nodes. The next line is the node description line, and the third line is the
stream geometry data. The format of the stream geometry file is given in Table I11.6.
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Table 111.6. Stream geometry file format.

Record No. Field Variable description

1 1-80 Title line

2 1-80 Blank

3 1-16 Stream name

3 17 Node type

3 18 Local output flag

3 19 Hydrology model linkage flag

3 20-21 Regression model instructions

3 22 Local shade model linkage

3 23-24 Unused

3 25-32 Distance (km) from system reference point

3 34 -80 Remarks describing node (for user’s benefit,
not used in simulation)

4 1-8 Site latitude (radians)

4 9-16 Site elevation (m)

4 17 - 24 Manning’s n-value for the reach, not
required for B, T, or E nodes

4 25-32 Stream width coefficient for the reach (m)

4 33-40 Stream width exponent
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Table 6. (continued)

Record No. Field Variable description
4 41 - 48 Minimum stream shading (decimal),
required only if you are not using shade file
4 49 - 56 Maximum stream shading (decimal),
required only if you are not using shade file
4 57 - 64 Ground temperature (°C), defaults to mean
annual air temperature
4 65-72 Streambed thermal gradient (J/m?/sec/C),
default + 1.65
4 73-80 Blank
5,6, and Repeat information similar to records 2-4
7 UE node for next geometry node

The stream width may vary as a power function of the flow, i.e.:

width = (width coefficient) * flow (width exponent)

If a constant width is desired, the width exponent can be set to zero and the width coefficient set

to the desired width.

An example stream geometry file is shown below. Why do you think T, B, and E nodes are

different?
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STREAM GEOMETRY FILE: UPPER COLORADO RIVER BASIN--VERIFICATION DATA SET

GREEN RIVER S 661.3 FLAMING GORGE DAM
.71413 1707. .030 60.96 0.00 0.0001 0.0564
GREEN RIVER C 617.9 LITTLE BROWN PARK
.71326 1636. .030 91.44 0.00 0.0022 0.0089
GREEN RIVER C 580.8 LADORE CANYON
.71035 1625. .030 45.72 0.00 0.0962 0.2014
GREEN RIVER C 566.4 HELLS HALF MILE
.71035 1565. .030 60.96 0.00 0.1591 0.3004
GREEN RIVER B 556.7 YAMPA RIVER CONFLUENCE
.70744 1544.
YAMPA RIVER H 681.5 MAYBELL
.70686 1805. .030 76.20 0.00 0.0000 0.0004
YAMPA RIVER S 652.0 CROSS MOUNTAIN
.70686 1805. .030 76.20 0.00 0.0000 0.0004
YAMPA RIVER B 638.8 LITTLE SNAKE CONFLUENCE
.70715 1709.
LITTLE SNAKE H 651.6 LILY GAGE
.70744 1720. .030 38.10 0.00 0.0019 0.0066
LITTLE SNAKE T 638.8 YAMPA CONFLUENCE
.70715 1709.
YAMPA RIVER J 638.8 LITTLE SNAKE JUNCTION
.70715 1709. .030 45.72 0.00 0.0001 0.0019
YAMPA RIVER C 627.5 LILY PARK
.70744 1702. .030 45.72 0.00 0.0000 0.0498
YAMPA RIVER C 585.7 HARDING HOLE
.70744 1575. .030 45.72 0.00 0.0000 0.7673
YAMPA RIVER T 556.7 GREEN RIVER CONFLUENCE
.70744 1544.
GREEN RIVER J 556.7 YAMPA RIVER JUNCTION
.70744 1544. .030 76.20 0.00 0.0000 0.6363
GREEN RIVER C 537.4 1SLAND PARK
.70686 1509. .030 121.92 0.00 0.0036 0.0141
GREEN RIVER C 526.1 RAINBOW PARK
.70686 1503. .030 60.96 0.00 0.0036 0.0141
GREEN RIVER C 510.1 SPLIT MOUNTAIN
.70628 1454. .030 76.20 0.00 0.0544 0.1811
GREEN RIVER C 502.0 FLATLAND BELOW SPLIT MOUNTAIN
.70570 1446. .030 91.44 0.00 0.0004 0.0018
GREEN RIVER E 399.0 DUSCHESNE RIVER CONFLUENCE
.69988 1415.
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Shade data and file. The shade file contains the information required to run the shade model
concurrently with the temperature model. The shade values produced by this model are used in
computing the effect of riparian and topographic shade on water temperatures. This file is
optional and is only required if the shade model is selected by the user during a run of the
temperature model. The node points in this file are identical to the node points in the stream
geometry file that actually required stream geometry data; i.e., B, T, and E nodes are not
included. The shade file format is described in Table 111.10.

Table I1l. 10. Shade file format.

Record No. Field Variable description
1 1-80 Title line
2 1-80 Blank
3 1-16 Stream name
3 17 Node type
3 18 Local output flag
3 19 Hydrology model linkage flag
3 20-21 Regression model instructions
3 22 Local shade model linkage flag
3 23-24 Unused
3 25B 32 Distance from system endpoint (km)
3 34 -80 Remarks describing node
4 1-8 Site latitude (radians)
4 9-16 Stream reach azimuth (radians)
4 17 - 24 Stream width (m)
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Table 111.10 (concluded).

Record No. Field Variable description

4 25-80 Blank

5 1-8 Eastside topographic altitude (radians)

5 9-16 Eastside vegetation crown measurement (m)

51 7-24 Eastside vegetation height (m)

5 25-32 Eastside vegetation offset (m)

5 33-40 Eastside vegetation density (conifer);
minimum density for deciduous trees

5 41 - 48 Eastside maximum density for deciduous
trees; blank for conifers

6 1-80 Repeat of record 5 for westside parameters

For the

remaining nodes

Repeat records 2 - 6

A portion of an example shade data file looks like:

SHADE FILE: UPPER COLORADO RIVER

GREEN RIVER S
7141 -1.0472 60.96
.2443 0.00 0.00
.2443 0.00 0.00

GREEN RIVER C
.7133 -.5236 91.44
.0844 0.00 0.00
.0844 0.00 0.00

GREEN RIVER C
.7104 1745  45.72
-4363 0.00 0.00
-4189 0.00 0.00

661.3

0.00
0.00

617.9

0.00
0.00

580.8

0.00
0.00

BASIN--VERIFICATION DATA SET
FLAMING GORGE DAM

0.0000
0.0000

LITTLE BROWN PARK

0.0000
0.0000

LADORE CANYON

0.0000
0.0000

Hydrology node file. This file contains all skeleton nodes plus all nodes where additional
hydrology data is required (D, K, P, Q, R, and V nodes). The node identifier field in this file
carries the instruction codes for the regression model. The records in this file can contain
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information used to link the instream temperature model with a hydrology model. Up to nine
linking records can follow each node record as specified in field 19. The format of the linking
records may vary depending on the type of linkage being performed. If the temperature model is
to be used in conjunction with a hydrology model, the linkage documentation must be checked
prior to building the hydrology node file. The format of the hydrology node file is given in Table

I11.8.
Table 111. 8. Hydrology node file format.
Record No. Field Variable description
1 1-80 Title line
2 1-16 Stream name
2 17 Node type
2 18 Local output flag
2 19 Number of records that follow with hydrology
linkage instructions (digit)
2 20-21 Regression model instructions
2 22 Local shade model linkage flag
2 23-24 Unused
2 25-32 Distance from system endpoint (km)
2 34-80 Remarks describing node
3 LIE node Repeat of record 2

The format for hydrology linkage instructions, if any, that would follow the associated
hydrology node record (see record 2, column 19 above) is ignored by this program. These
records are for the user’s convenience to link with other hydrology computer programs.
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An example hydrology node file is shown below. Note the four optional linkage records.

HYDROLOGY NODE FILE: UPPER COLORADO RIVER BASIN--VERIFICATION DATA SET

GREEN RIVER S 1S2 661.
09234500

GREEN RIVER B 556.

YAMPA RIVER H1 681.
09251000

YAMPA RIVER S 5 652.

YAMPA RIVER B 638.

LITTLE SNAKE H1 651.
09260000

LITTLE SNAKE T 638.

YAMPA RIVER J 638.

YAMPA RIVER T 556.

GREEN RIVER J 556.

GREEN RIVER V 1S 485.
09261000

GREEN RIVER E 399.

RULES OF THUMB

"Men who wish to know about the world must learn about it in its particular details."”

- Heraclitus

I usually skip the skeleton file and go straight to the study file. Most often they are really the

3

o~

o O N~ 0o o 00O

FLAMING GORGE DAM

YAMPA RIVER CONFLUENCE
MAYBELL

CROSS MOUNTAIN
LITTLE SNAKE CONFLUENCE
LILY GAGE

YAMPA CONFLUENCE
LITTLE SNAKE JUNCTION
GREEN RIVER CONFLUENCE
YAMPA RIVER JUNCTION
JENSEN GAGE

DUSCHESNE RIVER CONFLUENCE

same thing since study nodes (O) are actually rarely used.

NOTE: To be safe, always separate nodes by 1/10 kilometer. It makes your setup clear to you
and your information consumers, and it avoids ambiguities for the SNTEMP model to digest.

SUGGESTED READINGS FOR TOPIC 13

Theurer, F. D., K. A. Voos, and W. J. Miller. 1984. Part Il in Instream Water Temperature

Model. Instream Flow Information Paper 16. U.S. Fish and Wildlife Service.

FWS/OBSB84/15. v.p.

REVIEW QUESTIONS FOR TOPIC 13

No specific questions.
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TOPIC #14: TEMPORALLY ORGANIZED DATA FILES:
TIME PERIOD, METEOROLOGY, HYDROLOGY DATA

Time: 1 hour

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Understand what data goes in which file.
(2) Understand specific file formats.
(3) Understand any defaults that are available.

Just as the skeleton and other “node” files shared a common format, the temporal file family
shares a similar lineage, though each is in its own way more distinct from one another. The time
period file is the simplest, containing values used repetitively year in and year out. The
meteorology file contains annually varying values that act globally throughout the study area.
The hydrology data file is sort of a hybrid. It contains annually varying values for the entire
spatial network of nodes.

Note that when | say annually, we could easily be dealing with only a portion of a year. It is not
uncommon, for example, to run SNTEMP only from May through October, that period of the
year when elevated temperatures are common and when diversions are most in demand.

Time Period Data and File

Time periods are groups of continuous days within each year that occur on a repeating cycle, e.g.,
months, weeks, or days. Values for the following variables are required for each time step to be
simulated: time period name, first and last Julian day (see Reference section for a handy list of
Julian days) of the time period, dust coefficient and ground reflectivity, air temperature
calibration constant and coefficient, wind speed calibration constant and coefficient.

The time period file is used to define the time periods to be simulated during each year and to

assign values to variables that vary only by time period and not yearly. The format of this file is
presented in Table 111.3.
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Table 111.3. Time period file format.

Record no. Field Variable description

1 1-80 Title line

2 1-8 Time period name

2 9-16 First day of simulation period (Julian)

2 17 -24 Last day of simulation period (Julian)

2 25-32 Number of points in time period average (usually 1)

2 33-40 Dust coefficient for simulation period, see page I1-13

2 41 - 48 Ground reflectivity for simulation period, see page 11-14
--------------- Calibration Factors by Time Period - - - - - - - - - -------------

2 49 - 56 Air temperature calibration constant (°C)

2 57 - 64 Air temperature calibration coefficient

2 65-72 Wind speed calibration constant

2 73- 80 Wind speed calibration coefficient

3 [total Repeat calibration factors (record 2) for each respective
time periods time period
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An example of the time period file is:

TIME PERIOD FILE: UPPER COLORADO RIVER BASIN--VERIFICATION DATA SET

OoCT 274. 304. 2. .16070 .33460 0.000 0.0000 0.000 0.0000
NOV 305. 334. 2. .17910 .40450 0.000 0.0000 0.000 0.0000
DEC 335. 365. 2. .19220 .25030 0.000 0.0000 0.000 0.0000
JAN 1. 31. 2. .19890 .18990 0.000 0.0000 0.000 0.0000
FEB 32. 59. 2. .19890 .25390 0.000 0.0000 0.000 0.0000
MARCH 60. 90. 2. .19250 .37070 0.000 0.0000 0.000 0.0000
APRIL 91. 120. 2. .17970 .29410 0.000 0.0000 0.000 0.0000
MAY 121. 151. 2. .16130 .40250 0.000 0.0000 0.000 0.0000
JUNE 152. 181. 2. .13890 .28120 0.000 0.0000 0.000 0.0000
JULY 182. 212. 2. .11370 .16140 0.000 0.0000 0.000 0.0000
AUGUST 213. 243. 2. .11280 .12690 0.000 0.0000 0.000 0.0000
SEPT 244. 273. 2. .13810 .22690 0.000 0.0000 0.000 0.0000

The time period calibration factors are used in the computer program to modify only the two
indicated meteorological parameters, and does so for each associated time period according to the

general form:
Yu=13ao t a1Yo
where yu = the modified time period meteorological parameter

Yo = the original input (or as modified previously by the global calibration factor)
time period meteorological parameter

a, = calibration constant factor for the indicated timer period
a; = calibration coefficient factor for the indicated time period

Annual (referred to as global in IP#16) calibrations are made first and any subsequent time period
by time period calibrations are made afterwards. Blanks or zeros in both factor fields (constant
and coefficient) for each meteorological parameter means that there will be no time period
calibration for the indicated parameter and time period. If either field is non-blank, a an
adjustment will be made for the appropriate parameter and time period according to the general
form shown above.
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Meteorology Data and File

The instream water temperature model uses only one set of meteorological data. Therefore data
should be obtained from one meteorological station that is representative of the study area.
Alternatively, a single set may be synthesized using data from several stations.

Three time constant parameters that define the conditions of the meteorological data station are
required: latitude of the station, elevation of the station, average annual air temperature. Values
for the following variables are supplied for all years and time periods simulated: air temperature,
wind speed, humidity, and sunshine ratio. Optional input includes measured solar radiation at
ground level. The first four variables are required for all years and time periods. Values for solar
radiation are optional and, when supplied, only the values entered for the last year are used and
they are assumed to apply for all years.

The first record of the meteorology file is the title. The second record defines the meteorological
station constants: (1) latitude; (2) elevation; and (3) mean annual air temperature. The
remaining records in the file contain year and time period names, air temperature, wind speed,
relative humidity, sunshine ratio, and, as optional data, any solar radiation measured at ground
level for each time period of each year to be simulated. The format of the file is defined in Table
1.4,
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Table 111.4. Meteorology file format.

Record no.Field Variable description

2 1-16 Blank

2 17 - 24 Latitude (radians)

2 25-32 Elevation (m)

2 33-40 Average annual air temperature (°C)
2 41 - 80 Remarks to describe station

3 1-8 Year (only needed for first time period of the year)

3 9-16 Time period name

3 17 - 24 Mean air temperature for the time period (°C)

3 25-32 Mean wind speed for the time period (m/sec)

3 33-40 Relative humidity for the time period (decimal)

3 41 - 48 Percent sunshine for the time period (decimal)

3 49 - 56 Observed solar radiation at ground level (J/m?/sec)

(optional)

3 57 -80 Blank
4 [total Repeat meteorological data (record 3) for each year and
time periods time period
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An example of the meteorology file is shown below:

METEOROLOGY FILE: UPPER COLORADO RIVER BASIN--VERIFICATION DATA SET
.682715  1475. 11.5

1962-63 OCT 16.28 .41 -3950 -7500
NOV 6.67 .41 -5400 .7100
DEC -2.72 .74 -5950 -6300
JAN -3.61 .15 -5780 -6900
FEB -1.39 77 -4250 -8300

MARCH 2.78
APRIL 10.17
MAY 16.83
JUNE  21.22
JULY  27.39
AUGUST  23.39
SEPT 19.22

.82 -4630 -6000
.67 -4550 -5700
.02 -3000 -7300
.20 -2850 -7300
.43 -2950 -8000
.98 -3800 .7700
-89 -3800 -8500

2
2
1
2
2
2
3
4
4
4
3
3
1981-82 OCT 10.39 3.93 -6050 -6100
NOV 5.33 3.40 .6225 -6400
DEC -0.39 2.91 . 7325 -5100
JAN -3.33 3.40 .7025 -5700
FEB 1.50 3.04 .6425 -6400
MARCH 7.78 4.34 -5300 -6500
APRIL 10.72 5.01 .3450 -8300
MAY  16.33 4.52 .4150 .7800
JUNE  22.33 5.19 L2775 .8800
JULY  26.11 4.16 .3275 .9300
AUGUST  25.67 3.89 .4675 .7800
SEPT  19.72 4.20 .5400 .6400
NORMAL OoCT 12.72 3.53 .4450 .7300 176.7
NOV  4.33 2.95 -5750 -6300 120.6
DEC -1.39 2.64 -6800 -6000 86.1
JAN -3.00 2.50 .7075 -5900 103.9
FEB -89 2.95 -5800 -6400 147.0
MARCH 5.11 3.75 -4850 .6300 204.1
APRIL 10.94 4.29 -3975 -6800 260.9
MAY 16.78 4.29 -3700 .7100 312.6
JUNE 21.83 4.38 -2950 -8000 342.4
JULY 25.94 4.16 -3300 .7800 324.5
AUGUST 24.11 4.02 -3550 .7600 286.6
SEPT 19.56 4.02 -3750 .7900 241.0
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Hydrology Data and File

Flow data (cms) should be supplied for all simulation periods at all nodes in the skeleton network
and at all hydrology (Q, D, P, R, V, and K) nodes. The flows at K, Q, and V nodes represent the
flow within the channel at the respective node. Flows provided at P and R nodes represent the
addition to the flow in the channel by the P or R node, respectively. The flow at a D node,
always a positive number, is the amount of flow being diverted from the channel at this node.

Water temperatures should be supplied for all years and time periods at all headwaters (H) with a
nonzero discharge. Point (P) load discharge temperatures should be supplied for all years and
time periods at point loads. Lateral discharge temperatures must be supplied at any point where
the lateral inflow is not at local mean annual air temperature. If a validation and/or calibration is
to be performed, water temperatures should be supplied at all V nodes. If an occasional value for
the historical water temperature is missing, the field should be left blank so that the regression
model will supply an estimated temperature for that period.

The temperature of water released from structures (S:reservoirs) must be provided (or options
selected) for all simulation periods. Upstream inflow discharges to reservoirs must be provided
for computation of lateral accretions above the reservoir.

The hydrology data file is a copy of the hydrology node file with discharge and temperature
information added. Hydrology data are added for all years and time periods at one node before
moving to the next node (time major, space minor order).

An option has been added to the SNTEMP’s TRNSPT program to allow temperatures to be
transferred from a Diversion (D) node to a downstream Headwater (H) or Point load (P) node.
The option is designed to handle cases where water is transferred by a pipe or canal to a
downstream location, typically a power system bypass (see Figure 14.1). Hydropower projects
with power canals, pipelines, or tunnels (that divert water around a natural stream reach)
therefore can be handily simulated. (Note that this implementation may also be used to handle
systems with split/braided channels.) The temperatures simulated at the D node are used as
given (observed) temperatures for the downstream node. No heat flux takes place between the D
node and the target downstream node.
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Figure 14.1. Example of diversion temperature transfer.

A temperature transfer is indicated by non-blank characters in columns 23-24 of the node line in
the hydrology data file. Only D, P, or H nodes can have legal transfer codes. A transfer code
must appear on a D node first, and can then be referred to by any subsequent H or P node
downstream. The TRNSPT program keeps a list of transfer codes from D nodes. When an H or
P node with a transfer code occurs, the program searches for the matching transfer code from the
upstream D node. Thus, the transfer codes must occur in pairs in the hydrology data file. Up to
10 transfer pairs are allowed on a data set.

Water temperatures may be passed to an H node if the canal acts like a tributary with heat flux
downstream, or to a P node if there is a tunnel or pipeline that gets no heat flux. R nodes are not
allowed because of the optional ways of supplying water temperatures for an R node. S nodes
are also not allowed as targets for similar reasons.

You must supply water temperatures for all time periods for all H or P nodes that are targets for
upstream "diversion”, though they may be dummy values. The target node(s) must_not use
regression options (i.e., columns 20-21 must be blank).

No error will occur if a D node transfer code does not match any downstream transfer code, or if
more than one downstream transfer code matches the same D node transfer code -- the first
matching code will be used. Warnings will occur if a downstream transfer code has no match, or
if a transfer code is found on a node type other than D, P, or H. Errors may also occur if the H or
P node receiving the temperatures has missing temperature data or has regression options set.
These messages will be provided by the REGTWO program. (NOTE: The TDATCHK program
also checks for matching transfer codes and correct node types. However, it is possible to screw
up royally, so please be careful.)

The format for the hydrology data file is given in Table 111.9.
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Table 1. 9. Hydrology data file format.

Record No. Field Variable description
1 1-80 Title line
2 1-80 Blank
3 1-16 Stream name
3 17 Node type
3 18 Local output flag
3 19 Unused
3 20-21 Regression model instructions
3 22 Local shade model linkage flag
3 23-24 Temperature transfer code (see above)
3 25-32 Distance from system endpoint (km)
3 34 -80 Remarks describing node
4 1-8 Year (first time period of the year only)
4 9-16 Time period name
4 17-24 Discharge for the time period (cms)
4 25-32 Water temperature of the discharge (°C); see below for R nodes
4 33-40 Lateral inflow temperature (°C), defaults to mean annual air temperature
4 41 -48 Upstream inflow at a reservoir (S node), need not be supplied at a “flow

through” reservoir

5 until maximum years Repeat record 4 format for each year and time period
and time periods

Note: for each node in the hydrology node file, repeat records 2 through the maximum number of years and time
periods.
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Return (R) flow water temperatures are controlled by the user. If the water temperature input
field is blank, equilibrium water temperature is assumed. This simulates an overland flow
condition. If the field is nonblank and nonzero, the value is assumed to be a ratio of lateral
inflow and equilibrium water temperatures. If nonblank and negative, the absolute value is
assumed to be the return flow water temperature. This last option is therefore similar to a P
node.

An example of a portion of a hydrology data file is shown below:

HYDROLOGY DATA FILE: UPPER COLORADO RIVER BASIN--VERIFICATION DATA SET

GREEN RIVER S 182 661.3 FLAMING GORGE DAM

1962-63 OCT 22.010 8.82

NOV ~ 2.550 4.27

DEC  7.600 0.59

JAN 10.400 2.32

FEB 13.240 1.59

MARCH 2.990 1.93

APRIL  3.790 2.41

MAY  3.690 4.03

JUNE  3.540 5.28

JULY  2.950 6.33

AUGUST 2.870 6.95

SEPT  3.190 5.48

1981-82 OCT 40.910 10.62

NOV  35.820 7.53

DEC 36.160 4.59

JAN 38.090 4.43

FEB 75.070 4.00

MARCH 43.150 4.50

APRIL 66.260 4.91

MAY 44.180 8.20

JUNE 40.560 12.02

JULY 40.130 13.00

AUGUST 50.300 13.00

SEPT 65.610 12.95

NORMAL OCT 51.570 9.20

NOV 52.940 8.37

DEC 57.040 6.86

JAN 53.400 4.71

FEB 54.800 3.83

MARCH 47.660 3.86

APRIL 54.130 4.96

MAY 58.660 6.18

JUNE 66.350 7.88

JULY 60.380 9.29

AUGUST 56.840 9.85

SEPT 51.930 9.83

GREEN RIVER B 556.7 YAMPA RIVER CONFLUENCE

1962-63 OCT 22.324
NOV  4.087
DEC  7.453
JAN 11.540
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FEB
MARCH
APRIL

MAY

JUNE

JULY

AUGUST

SEPT

1981-82 OoCT

NOV

DEC

JAN

FEB
MARCH
APRIL

MAY

JUNE

JULY

AUGUST

SEPT

NORMAL OoCT

NOV

DEC

JAN

FEB
MARCH
APRIL

MAY

JUNE
JULY
AUGUST
SEPT

YAMPA RIVER
1962-63 OoCT
NOV
DEC
JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUGUST
SEPT
1981-82 OCT
NOV
DEC
JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUGUST

H

14.707
4_.357
4.632
2.136
4_.305
3.966
3.438
4.487

43.356

37.528

36.625

40.319

80.517

45.162

63.740

37.419

29.241

42.723

52.756

68.461

52.736

54.123

58.009

55.017

57.614

50.531

53.956

56.518

67.830

62.556

58.123

52.749

1

8.140
8.160
6.130
6.030
11.070
13.210
37.490
115.570
70.100
7.630
6.100
5.640
8.890
7.600
8.230
8.310
10.810
20.600
70.320
194.440
204.520
82.000

16.880

681.5 MAYBELL

11.64
5.46
1.75
0.82
1.52
5.36
9.78

13.15

16.76

23.75

22.51

18.69
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SEPT
NORMAL OCT
NOV
DEC
JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUGUST
SEPT

GREEN RIVER
1962-63 OCT
NOV
DEC
JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUGUST
SEPT
1981-82 OoCT
NOV
DEC
JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUGUST
SEPT
NORMAL OoCT
NOV
DEC
JAN
FEB
MARCH
APRIL
MAY
JUNE
JULY
AUGUST
SEPT

E

10.220
9.710
9.100
7.390
7.180
8.940

16.490

68.540

163.170
152.640

41.380
9.690
5.980

32.274
18.438
14.960
21.140
32.351
26.928
57.470
155.950
99.310
14.465
12.830
15.420
67.695
54 _.222
50.986
56.690
105.840
80.489
152.640
309.170
297.480
161.573
80.186
89.323
68.371
69.381
70.080
68.010
76.683
85.054
148.640
284.750
282.389
120.742
71.862
61.740

11.90
4_.52
1.45
1.34
1.54
2.94
7.17

11.18

14.76

20.33

21.51

18.30

399.0 DUSCHESNE RIVER CONFLUENCE
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RULES OF THUMB

Ground reflectivity trivia. It has been estimated that Los Angeles would save $90 million if they
replaced all their black asphalt with a lighter colored, more reflective, road surface. Fresh black
asphalt was tested to absorb 95 percent of solar radiation. Aged asphalt, which is gray rather than
black, was found to absorb 90 percent, and experimental white asphalt soaked up just 50 percent.
The three side-by-side pavements were measured as: new pavement, 123°F; faded asphalt,
115°F; and the white surface, 90°F.

SUGGESTED READINGS FOR TOPIC 14

Theurer, F. D., K. A. Voos, and W. J. Miller. 1984. Part Il in Instream Water Temperature
Model. Instream Flow Information Paper 16. U.S. Fish and Wildlife Service.
FWS/OBSB84/15. v.p.

REVIEW QUESTIONS FOR TOPIC 14

No specific questions, but it would be wise to compare the format specifications with the
examples. Note that not all options are illustrated in the above examples.
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TOPIC #15: COVERING THE BASES:
DATA FILE UNDERSTANDING

Time: 1-2 hours

Format: Homework

Assignment: (1) Review listings of input data files.
(2) Cross-check data elements with file formats to know what every element
means and where it goes.
(3) Be prepared to ask questions tomorrow.

Objectives:  Familiarization with data, file content, and file formats.

Some people find the following table useful in seeing the big picture. Some don't. The idea is
that it shows what data or information is required for each node type, breaking it down by what is
constant (applies all the time), what is annually recurring, and what varies for each time step of
the model.
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DATA REQUIREMENTS FOR THE TEMPERATURE MODEL

SPACE TIME
Nodes Constant Annually recurring, but | Variable for each time
seasonal variation step
Skeleton (H, B", T',J, | Name® None Discharge
S, E) Type” Disc. temp.
Distance” Lateral temp.®
Remarks® Upstream inflow at S
Latitude nodes
Elevation
Manning's n
Width
Width exponent
Min shade value®
Max shade values®
Ground temperature®
Thermal gradient®
Reach azimuth (for
shade model only)
Hydrology (D", K, P, Core (#) attributes None Ditto skeleton
QR V) only
Geometry (C) Ditto skeleton None None
Study (O) Core (#) attributes None None
only
Basin-wide Latitude Julian days Air temp.©
Elevation Dust coefficient Wind speed®
Mean annual air Ground reflectivity Sunshine ratio®
temperature Obs. solar rad.P
NOTES: ~ Only latitude and elevation required

“No temperature necessary

* Core attributes necessary at all nodes

€ Calibration variables
® Defaults available
$May be calculated from stand alone shade model




TOPIC #16: QUESTIONS FROM DAY 2

Time: 0.25 hours

Format: Discussion

Assignment: Be prepared to ask for clarification.
Objectives:  Clarity, perspective, and understanding.

After the second full day, covering Topics 8-15, students are generally restless. The second day
is exclusively classroom lecture with no hands-on time except for homework. They have been
asked to absorb almost the whole of the structure of SNTEMP, with little emphasis on the
functionality. Questions usually revolve around “Now, how do we make this baby go,” which is
fine as that is today’s subject. As always, the question/answer session is meant to be free
roaming. Emphasize that no question is too silly or absurd. If someone has a question, it is a
safe bet that someone else wants to ask that question too.

If you are taking the self-study class, take a moment and e-mail any questions to the instructor.
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TOPIC #17: MISSING PIECES:
OPTIONS FOR HANDLING MISSING DATA

Time: 0.5 hours

Format: Lecture/Reading

Assignment: Review notebook material

Objectives: (1) Learn what kind and how much missing data can be accommodated by
model.
(2) Understand distinction between filling and smoothing data.
(3) Understand consequences of each option for data filling or smoothing
missing.
(4) Know where and how to select appropriate options.

You have seen that in the various node descriptors (remember which ones?) there have been
“flags” for filling or smoothing. Or at least you have seen the words. But what do these mean
and how should you use them?

It is not uncommon to have several nodes for which water temperature data must be supplied (H,
S, Q, V, R), but that have missing data. I’m not talking about no data, as is the case with a zero
flow headwater, or the case where you choose to use equilibrium temperatures for a top release
reservoir, or ground temperature for a return flow. These the model supplies as so-called
defaults. Rather I’m talking about cases of instrument failure, gaps in the USGS gage record, or
suspicious data that was discarded during quality control (see Topic 25). Unfortunately, gaps in
the record are more common than generally believed and SNTEMP has been developed with this
in mind. The program’s strength is also a weakness, as you will understand after you learn about
filling and smoothing.

SNTEMP detects when required water temperature data are missing from the hydrology data file.
It then attempts to fill those gaps using one of two regression models. The default is the so-
called transformed model, which is explained more fully in Information Paper 16. Without
going into the excruciating details, let’s just say that it is the physically based temperature model
transformed to a regression model’s structure. It is most valuable for a free flowing stretch of
stream with no discontinuity (structure, major tributary) anywhere near it upstream. Like any
good regression model, it works by correlation of similar conditions, both meteorologically and
hydrologically speaking, to fill in missing water temperature values.

The other option for regression is a simple quadratic linear model, not physically based, that

generally performs better below discontinuities. You may wish to note the equation as it may
prove useful to you for other reasons:

115




Tw =8+ Ta+a; W, + a3 Ry + as(S/S,) + as Hx + 8 Q + by To” + bW, + b3Ry” +
ba(S/So)? d+ bsHe’ + beQ?

where: T, = air temperature Note: values are unit-less as shown here,
W,  =wind speed but obviously have units during the
Rp = relative humidity application
SIS, =sunshine ratio
Hs; = ground-level solar radiation
Q = discharge

Both regression models are meant to be used to fill a “relatively small” number of missing data
points with respect to the observed values. What is relatively small? Well, it turns out that this
question is moot because people will attempt to make it work regardless. The important thing is
to understand the limitations. The first limit is the minimum number of observed temperatures.
Recall that for any regression model, the minimum of observation must be the sum of the
model’s order plus the number of independent variables. Since however both models truncate
terms if there are fewer observations than needed for the full model, SNTEMP’s quadratic linear
model requires a minimum of three observations while the transformed model requires four.

The second thing to keep in mind is the representativeness of the observations with respect to the
pieces or block to be filled. What if, for example, all of the observed data is in the spring when
air temperatures are cool and flows are high. Later, your thermograph came out of the water
during late summer as the flows dropped and the sun blazed. Do you think that any regression
model could do a good job of filling? Sure, it will guess (if it doesn’t blow up mathematically),
but the estimates may be quite poor. Regression models also require stationarity, meaning that
the same processes are working throughout the data set. For example, if a dam is built part way
through the period of record, post-dam data should not be used to fill pre-dam conditions.

Now, what’s the difference between smoothing and filling? Filling is just what it says -- filling
missing data gaps. Smoothing on the other hand is a slight misnomer as it really both fills and
smooths. Smooth here means that SNTEMP first develops the regression model of your choice
and then applies that model not only to fill, but also to completely replace the temperatures
provided in the hydrology data file. Why smooth? Smoothing is typically applied only in cases
of grab sample data on longer time steps, just as was done for the case study data set provided as
class material. In that data set, the time step was one month and the long-term historical data was
truly grab sample. A sample could have been taken at any time of day and any day in the month.
Smoothing could also be used in cases where there are obvious outliers in existing data that are
suspect due to an unknown quality control problem, such as weak batteries. Contemporary
applications usually involve continuous monitoring, perhaps on an hourly basis; rarely would
smoothing be advisable in such cases.

116



Now for the practicalities. Depending on what you want, set F or S flags for any hydrology
nodes you deem necessary. This will be in column position 20 on the node line (see Topic 13).
As mentioned, SNTEMP will detect the need to fill using the transformed regression even if you
do nothing, but the S flag must be set if smoothing is desired.

Though we have yet to actually look at SNTEMP's output, one table (Table 7) will print a
warning if the temperatures predicted with the chosen regression model differs from the observed
values by more than 4°C. This may be useful in spotting outliers or bad input data. One
somewhat confusing factor is that SNTEMP automatically runs all headwaters (both S and H)
and V nodes through the internal regression models whether it need to or not. Don’t be
concerned if you see these showing up in Table 7.

One parting shot, but this is a secret -- don’t tell anybody. SNTEMP will also fill missing flows
at hydrology nodes. It does so by substituting the simple mean for the missing time period over
the historical years of data. Need we say again: THIS IS NOT A HYDROLOGY MODEL!

RULES OF THUMB

Though we haven’t covered SNTEMP’s output yet, when the time comes, look at Table 7 and
decide if R? is OK before proceeding with your model. Look for R? values greater than 0.9. If
Table 7°s pseudo source distance (transformed regression only) is negative, remove smoothing or
change regression options.

SUGGESTED READINGS FOR TOPIC 17

Theurer, F. D., and K .A. Voos. 1982. IFG’s instream water temperature model validation.
Pages 513-518 in F. Kilpatrick and D. Matchett, editors. Proceedings of the Conference on
water and energy: Technical and policy issues. American Society of Civil Engineers.
Proceedings of the Hydraulics Conference, Pittsburgh, Penn., and Fort Collins, Colorado,
May 23-26 and June 23-27, 1982.

REVIEW QUESTIONS FOR TOPIC 17

(1) Though we will mention filling and smoothing later when we discuss SNTEMP validation,
what are the consequences of using filled and/or smoothed observed data when it comes time
to assess SNTEMP’s goodness of fit with observations at VV nodes?

(2) What’s wrong with using the historical mean flow to fill in a missing flow for a time period?
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ANSWERS FOR TOPIC 17

(1) The model will compare simulated temperatures with “observed” temperatures. But if you
have filled or smoothed, some of the “observed” temperatures haven’t really been observed.
This will usually artificially inflate your goodness of fit statistics.

(2) Flows are rarely well correlated from year to year unless the time step is very large. Using

the mean value is a pretty poor way to fill the data. Usually filling missing hydrology data by
eye is a better choice -- and many better choices are available.
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TOPIC #18: ORCHESTRATING SNTEMP:
THE JOB CONTROL FILE

Time: 1 hour

Format: Lecture/Reading

Assignment: Review notebook material

Objectives:  Understand the control features in the job control file, including titles, I/O
switches, global calibration parameters.

The Job Control File is the last of SNTEMP's input files we need to discuss. In addition to the
actual data required by the system in order to perform simulations, information must be supplied
that defines the size of the network, the extent of output desired, and other parameters. These
variables are requests for verification tables, network node types where output is desired, number
of years of historical and synthetic data, maximum number of time periods, number of nodes of
various types in the system, temporal output designations, evaporation coefficients, maximum
daytime air temperature regression coefficients, other calibration factors, air temperature
correction factors, file names, and spatial output requests by stream name with from/to distances.

The job control file is the master file that controls the extent of the temperature model runs. The
verification requests, output requests, years of data simulated, node counts, calibration factors,
file names, and temporal and spatial output requests are in this file. The job control file is the
first file used by the temperature model programs, and the only input file that the program
updates during execution of the model.

The first two records of the job control file are title lines. The format for the job control file is
described in Table 111.2.
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Table 111.2. Job control file format.

Record No. Field Variable description
1 1-80 Title line
2 1-80 Subtitle line

------------- Verification Tables: field should contain a “T” if requested, an “F”

OtherwWisSe - - - = - == - s - e e
3 1 Tables I through 1X
3 2 Tables I, 11, and 111
3 3 Table I: Stream geometry after M nodes merged
3 4 Table I1I: Stream geometry after O nodes merged
3 5 Table I1l: Stream geometry after hydrology nodes
merged
3 6 Tables IV and V
3 7 Table IV: Hydrology with missing flows added
3 8 Table V: Hydrology with lateral flows added
3 9 Table VI: Composite network - stream geometry,
hydrology, and meteorology added

3 10 Table VII: Water temperature regression statistics
3 11 Table VIII: Water temperature data
3 12 Table IX: Validation statistics
3 13 Table X: Job Control
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Table 111.2. (continued)

Record No. Field Variable description

3 14 Table XI: Average and maximum temperature
results. If field 14 issetto'" ', the average and
maximum temperature results will be created with
titles in quotes for spreadsheet applications.

3 15-20 Reserved for future use
3 21-55 Unused

---------- Spatial Output Requests by Node Type; field should contain a “T” if
requested, an “F” otherwise - - - - - === === === oo

3 56 All skeleton nodes

3 57 All hydrology nodes

3 58 All stream geometry nodes
3 59 All study nodes

3 60 The composite stream network
3 61 B nodes

3 62 C nodes

3 63 D nodes

3 64 E nodes

3 65 H nodes

3 66 J nodes

3 67 K nodes

121



Table 111.2. (continued)

Record No. Field Variable description
3 68 M nodes
3 69 O nodes
3 70 P nodes
3 71 Q nodes
3 72 R nodes
3 73 S nodes
3 74 T nodes
3 75 V nodes
3 76 Unused flag
3 77 Hydrology warning message suppression flag
3 78 Shade data file present
3 79 Global shade model to be used
3 80 Regression need flag

4 1-8 Number of years of historical data

4 9-16 Number of years of synthetic data

4 17 - 24 First year of historical data, always use zero
4 25-32 Number of time periods per year

4 33-40 Number of shade nodes
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Table 111.2. (continued)

Record No. Field Variable description
4 41 - 48 Number of stream geometry nodes
4 49 - 56 Number of hydrology nodes
4 57 - 64 Number of study nodes
4 65 - 72 Total number of nodes in the system; may be 0
4 73-80 Number of nodes requiring regression analysis

5 1-8 Number of B nodes
5 9-16 Number of C nodes
5 17 - 24 Number of D nodes
5 25-32 Number of E nodes
5 33-40 Number of H nodes
5 41 - 48 Number of J nodes
5 49 - 56 Number of K nodes
5 57 - 64 Number of M nodes
5 65-72 Number of O nodes
5 73-80 Number of P nodes
6 1-8 Number of Q modes
6 9-16 Number of R nodes
6 17 - 24 Number of S nodes
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Table 111.2. (continued)

Record No. Field Variable description
6 25-32 Number of T nodes
6 33-40 Number of V nodes

6 41 - 48
6 49 - 56
6 57 -64
6 65-72
6 73 -80
7 1-8

7 9-16
7 17 -24
7 25-32

Starting year sequence number of output
