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WAIORA version 2.0 uses a dynamic heat transpodahto solve the heat flux equations in a
downstream direction. This in contrast to the axipnate approach used in version 1.0 and 1.1 and
provides better estimates of daily extremes tharditect solution used in the SSTEMP model of
Bartholow (2002). The heat flux equations used RI®RA are described in detail in Theurer et
al. (1984). Overall, we recommend that tempergtaeelictions be ascribed an uncertainty of +
0.5°C using the WAIORA v.2.0 temperature modehaalgh this is clearly dependent on the
guality of the data entered. Relative changesritpégature will be more accurate than absolute
predictions.

The water temperature data required for heat budgetelling describe the meteorological,
hydrological, shading and streambed conditions. WWdORA model is a one-dimensional heat
transport model that predicts the daily mean ankiman water temperatures as a function of
stream distance downstream, and environmentalfloeafrom the abstraction point. In general
terms, WAIORA calculates the heat gained or lasinfia parcel of water as it passes through a
stream segment. This is accomplished by simulatieg various heat flux processes which
determine that temperature change (see figure heldWwese physical processes include
convection, conduction, evaporation, as well as tioear from the air (long wave radiation), direct
solar radiation (short wave), and radiation baoknfthe water. WAIORA first calculates the solar
radiation and how much is intercepted by shadirgs Ts followed by calculations of the
remaining heat flux components for the stream sagme
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The heat transport model tracks heat and wateedlwlownstream. It assumes that daily
temperature and radiation data can be representsihusoidal variation about the average, and
that other meteorological and hydrological variglaien be represented by average values.
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Water temperatures are modelled downstream of Hstraation point. The water flowing
downstream will then increase or decrease in teatyrer untii a dynamic equilibrium is
established between the diurnal pattern of incomadigation and the diurnal heat losses from the
river through radiation and evaporation. This fistdte, when there is no further change in the
diurnal variation of water temperature with disermownstream, is known as the equilibrium
condition. The magnitude and rate of change inmataperature will depend on meteorological
conditions such as radiation, air temperature,eshad flow.

Limitations and assumptions of the WAIORA tempea®tuodel are:

» The characteristics of the selected reach représeharacteristics of a longer section of
river and do not change with lateral inflow or aiste downstream.

e The model does not handle rapidly fluctuating flows

* Turbulence is assumed to thoroughly mix the streartically and transversely (i.e., no
microthermal distributions).

DATA REQUIREMENTS
Reach length

The reach length, specified in metres, is the keafjthe stream that is being evaluated for changes
in habitat, water temperature, dissolved oxygenagmihonia concentration. It is assumed that the
hydraulic geometry (flow, stream width, depth, amdbcity) and other characteristics, such as

meteorology, shade, and steam bed conditions,om&ant along the reach. Water temperature,
dissolved oxygen concentration, and ammonia corati&mt apply to the end of the reach, whereas
habitat conditions apply throughout the lengtthefrieach.

Air temperature

All temperatures are in degrees Centigrade. Daiyama are usually the average of the daily
maximum and daily minimum temperatures. The daiximum/minimum air temperature is
usually the maximum/minimum recorded on a max/rherrhometer over a 24 h (9am to 9am)
period.

Air temperatures should be measured for accurater weamperature model calibration. This and
the other meteorological parameters may be obtdnoad the National Institute of Water and
Atmospheric Research for a meteorological statéar gour site.

The adiabatic lapse rate can be used to correeldfamtion differences:
Ta=To+Ct*(Z-2Z9
whereTa= air temperature at elevatign(°C)

To= air temperature at elevatido (°C)

Z = mean elevation of stream (m)

Zo = elevation of met. station (m)

Ct = moist-air adiabatic lapse rate (-0.00656 °C /m)

NOTE: Air temperature, radiation, and shade awallysthe most important factors in determining
water temperature.
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Radiation

The daily total radiation is one of the most impottfactors affecting water temperature. Daily
total radiation is highest in mid-summer and lowestwinter, and is measured in units of
megajoules per square metre.

The intensity (or rate) of radiation is usually egsed in (W/). One watt is equal to one joule of
work per second. A megawatt (MW) is the same a@d@Dwatts. One langley/min is equivalent
to 697.3 W/ or 697.3 J/sec/m

Radiation is usually measured continuously withyeometer as a rate in MJ/seé/or MW/nt.
This is integrated over the day to give the daitgiltradiation in MJ/m

It is often assumed that about 90% of the grouwe Isolar radiation actually enters the water.
Thus, multiply the recorded solar measurements3/td get the number to be entered.

Time of maximum temperature

The time of maximum temperature is used to destn#sinusoidal variation in air temperature. It
is specified in hours using the 24h clock. Thigas a particularly important parameter for water
temperature modelling, but can be relevant forbcation of water temperature models. The
maximum air temperature usually occurs betweemd4Lé h.

Wind velocity

The average daily wind velocity over the water atefin m/s. Readings of wind velocity at
meteorological stations are often higher than ttaiseater surface level. Adjustment of wind
velocity (and shade) can be used to calibrate arviamperature model to known downstream
water temperatures. Wind velocity increases evépereooling of water as it flows downstream
and in some situations can actually result in wienperatures decreasing in a downstream
direction.

Possble sunshinehours

This parameter is an indirect measure of cloudrcdtvis expressed as the percentage of maximum
possible sunshine hours and is measured with aneyeo or can be calculated from cloud cover
(decimal) as:

Percent possible sun hours (- Cloud®?) * 100

Rdative humidity

The relative humidity is specified as a percentae.relative humidity increases the rate at which
heat is transferred between the air and water aotkases the rate of evaporation, so that an
increase in humidity will increase water tempegat@orrect for elevation differences by:

Rh = Ro *(1.0640™ ) * ((Ta+273.16)(To+273.16))

where Rh=relative humidity at the stream for temperaitagdecimal)
Ro= relative humidity at meteorology station (dedjma
Ta= air temperature at streaf@
To = air temperature at meteorology statite) (

Day number and latitude

The day number is the Julian day number witdahuary being day 1 and®@ecember day 365.
The day number and latitude are used to calcudatsun angle (solar elevation) at different times
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of day and hence the times at which the strearhadesl by topography or riparian vegetation.
They are also used to calculate the time betwestsewand sunset for the time of year.

Elevation

The elevation in metres above sea level at theaakish point (start of the stream reach to be
modelled). This is used to calculate atmospheessure for convection heat flux:

Pressure =1013* ((288-0.0065 Elevatior)/288)>>°
Stream shade

Every stream or river is shaded by the banks anmdwsuding hills and vegetation. Shade has a
large influence on water temperature and it is iaob to make reliable estimates of it. Shade
represents the proportion of the incoming solaataah that does not reach the water. The amount
of shade can be determined either by a trial anad ealibration procedure to a known downstream
water temperature or by measurement where thetielegegles of the trees, banks and/or hillsides
are measured and the fraction of radiation peiraihe canopy estimated. The canopy and
topographic shade angles are estimated as theyaargle of sky visible around the 360rizon.

For example, a canopy angle of’@complete canopy closure.

The topographic angle is the average angle ofdhe of hills and other solid objects on the
horizon. The canopy angle is the average angléeotdps of riparian vegetation. The fraction
penetrating the canopy is the fraction of radiap@metrating the vegetation canopy, as shown
below.

The total shade fraction is calculated as topogdrabtade plus canopy shade.
Topographic shade % - (Cogtopographic anglg®®

Canopg/ shade €1 — Fraction penetrating canopy ((Cogtopographic anglg® - (Cogcanopy
angle)™)

The canopy and topographic angles are values bet@end 90, and the canopy angle must
always be equal to (no vegetation) or greatertthetopographic angle.

Stream bed

Heat from the water is lost and gained from theastibed. The streambed acts as a long-term
buffer or heat store, effectively damping the respoof water temperature to meteorological
variations. For this reason, mean monthly air teatpees can be used as bed temperatures if
measurements of ground temperature are not aailabl

In the model, heat is transferred between thersbied and water according to:
Heat transfer = bed conductivity(bed temperature — water temperaijuieed thickness

An estimate of the bed temperature can be obtdined measurements of ground temperature
taken at climatological stations. If possible, grdtemperatures measured at 1.0 m below ground

WAIORA v.2.0 procedure for calculating water terrgiare 4



——NLWA—

Taihoro Nukurangi

level should be used. In such cases, 1 m woulthdastteambed depth. Measurements at lesser
depths can be used if 1 m depth ground temperategsurements are not available. Mean
monthly air temperatures can be used as bed tetmgerd measurements of ground temperature
are not available.

The conductivity of the streambed (J/m/sec/°C)ftisnoconsidered to be 1.65 for water-saturated
sands and gravel mixtures. However, the heat tapsbcess is often more complicated that a
simple conductive model because water flows inro aut of the streambed, thus effectively
increasing conductivity. For this reason, we suggelefault value of 10 J/m/sec/°C.

Streambed temperatures and bed conductivity canbalsused to calibrate water temperature
models (see calibration).

Initial water temperature

The initial water temperature is the temperaturthefwater flowing into the upstream end of the
reach. Its units are degrees Centigrade. Thel inititer temperature at the abstraction point can be
either specified directly or calculated from theeain characteristics upstream of the reach by
assuming that the water temperature has reachedtbrgm temperature. The initial water
temperatures and upstream characteristics can duifieh in Advanced settings. The default
assumption is to use the equilibrium temperatul@ulzded from upstream characteristics that are
the same as the reach characteristics. These dsssnman be altered by selecting Advanced
settings. The change in water temperature is thlenlated as the water flows downstream using
the sinusoidally varying water temperature at thgtraction point (beginning of the reach).

By default, the initial water temperature is theillorium temperature calculated assuming an
infinitely long upstream channel with a flow equal the existing low flow and the same
characteristics as the reach, including shadéidfdefault assumption is true, there will bedlittl
change in temperature with flow and distance dowast. Note that differences in the amount of
shade between upstream and downstream reacheivailidate the default assumption of
equilibrium.

Lateral and tributary flows

Inflow (or outflow if negative) can be either unifaly apportioned through the length of the reach
(i.e., by selecting lateral inflow) or can flow dnthe reach at a point (i.e., by selecting triyutar
inflow). The location of a point tributary inflovs ispecified by its distance below the abstraction
point and that value is entered as the tributasfadce. The temperature of the uniformly
distributed lateral inflow generally should be #zeme as groundwater temperature. Groundwater
temperature may be approximated by the mean maaitilgmperature. Exceptions may arise in
areas of geothermal activity. The temperatureilofitiry inflows is specified in the same way as
upstream water temperatures, either an equilibviater temperature calculated from the tributary
stream shade and bed conditions or by specifyagdaily mean and maximum water temperature.

CALIBRATION OF WATER TEMPERATURE MODEL

A water temperature model should be calibratepath this is not necessary in order to get a
rough idea of the temperature changes that withlsed by a change in flow. Field measurements
of flows, upstream and downstream water tempesgttributary flows and water temperatures,
flow, and meteorological conditions can used irigh @nd error procedure to determine the shade
factors and possibly the wind velocity that pretliet correct downstream water temperatures. If
this procedure does not correctly predict both ne@h maximum water temperatures or if the
values of shade and wind velocity are unreasondide conductivity and temperature of the
streambed may need calibration.
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Actual meteorological data are required to calbeatvater temperature model. Ideally, these are
recorded on site, but at times it is necessanbtairo meteorological data from nearby climate
stations. Such data can be obtained from NIWA's iddat Climate Database.
http://www.niwa.co.nz/services/clidb/

To calibrate the model, measurements are required o

e water temperature at two sites;
» shade, depth and velocity between those sites; and
» meteorology from an adjacent monitoring site (eagport).

The three steps in the calibration protocol are:

1. Specify bed thickness priori (an assumed bed thickness of 1 m is suggested when
calibrating bed conditions).

We recommend using a value of 1 m based on studesveral New Zealand and Australian
rivers (NIWA unpublished data).

2. Adjust bed temperature so that the observedpaadicted_daily meatemperature
match at the downstream site.

We found that this can usually be achieved witled temperature equal to the mean water
temperature at the downstream site over one or daye.

3. Adjust the bed conductivity so that the obseraed predicted daily maximum
temperature match at the downstream ($itea bed conductivity of 10s J/m/s/°C to
start with; its value will increase with bed thigss).

If shade has not been measured then it can also be estinate calibration. The
recommended steps are:

1. specify bed thickness priori (an assumed bed thickness of 1 m is suggested when
calibrating bed conditions);

2. set the temperature to the average water tetoperat the downstream site over one
or more days;

3. adjust shade so that the observed and predicibdmeantemperature match at the
downstream site;

4. adjust the bed conductivity so that the obseraed predicted daily maximum
temperature match at the downstream @iiea bed conductivity of 10 J/m/s/°C to
start with; its value will increase with bed thiggs and could be as high as 100
J/m/s/°C).
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