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ABSTRACT

One of the most prominent sources of error and uncertainty in water quality modelling results is the input
data. In this study, data from three meteorological databases were used to test the performance of
a water temperature model of Lake Diefenbaker: the data from Environment and Climate Change Canada
(ECCQ) had long-term quality control history (>20 years); the data from the AccuWeather had short-term
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quality control history (<10 years), and the data from the MeteoBlue database were modelled values. The

CE-QUAL-W2 hydrodynamic and water quality model was used for this study. The model was calibrated
by adjusting model coefficients controlling the amounts of measured solar radiation and wind that reach
the surface of the water. The sensitivity results showed very similar performances, with slightly better
performances (root mean square root difference of + 0.1) with the ECCC data followed by the MeteoBlue

data and thereafter by the AccuWeather data.

Introduction

Meteorological databases are one of the most important
components in many environmental studies, particularly in
modelling exercises (Hunt et al. 1998, Sheffield et al. 2006).
They serve as the driving force on model boundaries - air
temperature, humidity, wind speed and direction, and solar
radiation to name a few. Model outputs can be significantly
affected by the quality and spatiotemporal resolution of these
datasets (Yang et al. 2006, Haberlandt 2007). The reliance on
meteorological databases has prompted many federal organi-
zations, e.g. Environment and Climate Change Canada
(ECCC), the National Oceanic and Atmospheric
Administration (NOAA), and the Swedish Meteorological
and Hydrological Institute (SMHI), to introduce strict stan-
dards on how data are acquired, controlled and archived to
assure data quality and continuity. The ECCC has been col-
lecting meteorological data since 1840 and continuously per-
forms quality control investigations to guarantee high-quality
and accurate data (ECCC 2017). The NOAA Quality
Controlled Local Climatological Data (QCLCD) project pro-
vides hourly, daily, and monthly data for about 1600 US
meteorological stations beginning in 2005 (NOAA 2017).
SMHI checks observation values with 6-hour predictions
and believes that 90% of the errors are captured at this stage
(Vejen et al. 2002). An investigation of 10 meteorological
variables in 726 stations in China showed less than 0.05%
inconsistency in data (due to typing errors or incorrect data
archiving [e.g. units]), temporally and spatially, for the 1951
2000 study period (Feng et al. 2004). As a result, the opera-
tional costs for meteorological station installation and
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maintenance remain very high, limiting the number of avail-
able stations, especially those with a long-term quality control
such as those mentioned above.

Less than 1% of the globe is covered with measured meteor-
ological data from sparse weather stations, where the data from
each station are useful up to a maximum radius of 3 to 12 km
(MeteoBlue 2016). These weather stations are also biased
towards land surfaces and are unevenly distributed within
vast areas, with some areas not having any weather stations
at all (Tabios and Salas 1985, Haberlandt 2007). A station close
to the study site can provide very high-quality data; otherwise,
the data should be used with caution. Another problem arises
when the stations do not measure all the variables required for
the modelling study. In these cases, data for unmeasured vari-
ables can be estimated, for example by using empirical equa-
tions (Sentelhas et al. 2010). A variable commonly missing in
many (e.g. ECCC) stations is sky/cloud cover data (Kassianov
et al. 2005, Sadeghian et al. 2015).

Cloud cover has a substantial impact on the significance of
shortwave and longwave radiation that reaches the land and
water surface (Cazorla et al. 2008). Solar radiation is a critical
component for photosynthesis (Aguilera et al. 1999, Yamashita
et al. 2004), hence also for studying eutrophication (Strickland
1958, Goldman 1988, Assemany et al. 2015). There are many
well-established methods for calculating direct and indirect
solar radiation based on location, time of year, air temperature
and air moisture, and cloud cover (e.g. De Jong and Stewart
1993, Annear and Wells 2007). However, empirical relations to
calculate cloud cover are uncertain and can influence model
outcomes (Souza-Echer et al. 2006, Cazorla et al. 2008). Hence,

CONTACT Amir Sadeghian @ amir.sadeghian@usask.ca @ Global Institute for Water Security and School of Environment and Sustainability, University of

Saskatchewan, Saskatoon, SK, Canada
© 2021 IAHS


http://orcid.org/0000-0003-4157-0176
http://orcid.org/0000-0002-0256-3240
http://orcid.org/0000-0001-6348-2295
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02626667.2021.1994975&domain=pdf&date_stamp=2021-12-09

2 (&) A.SADEGHIAN ET AL.

generally, all the meteorological variables required for
a eutrophication modelling exercise are available, except for
cloud cover. A measure for cloud cover would be most bene-
ficial, but is the one parameter that is often missing in
a sampling programme.

Measuring meteorological data is accomplished by large
national institutions (e.g. ECCC, SMHI, USGS) and small
national/private regional institutes that study local climate
(Changnon et al. 1990, Craft 1999). There are also many
large private institutions involved in collecting data from
these sources and making universal databases. AccuWeather,
with headquarters in the USA, is an excellent example of
a database comprised of climate data from numerous sources.
These sources range from national organizations such as
ECCC and Agriculture and Agri-Food Canada to private
local institutions as well as AccuWeather meteorological sta-
tions. The company provides hourly measurements and fore-
casted meteorological data with high accuracy for millions of
users worldwide (AccuWeather 2016). Besides direct measure-
ments, some companies forecast and calculate these data using
weather models, each using different modelling approaches to
simulate the data and incorporate land surface characteristics
such as topography, ground cover and surface cover.
MeteoBlue, located in Switzerland, is a good example, which
since 1984 has provided data on 45 meteorological variables
for any location with a resolution of 3-30 km.

In this study, we compare the outputs of a water tempera-
ture model using meteorological data from three sources:
ECCC, whose data are highly accurate; AccuWeather, which
has less than 10 years of quality-controlled data (for the study
area used here); and MeteoBlue, whose data stem from model
simulations. The primary objective was to quantify the effects
of sources of meteorological data on modelled water tempera-
ture and, ultimately, water quality results. Based on these
results, we can provide guidelines for modellers and research-
ers for selecting the most suitable climate database. The
novelty of this research is classifying climate databases by
looking into the effects of the data in each database on
a coupled river and reservoir system using a sophisticated
physically based two-dimensional (2D) water quality model
in contrast to statistical methods and rainfall-runoff models.

The secondary objective in performing this comparative
study was to remind the researchers of the possibility of adopt-
ing alternative sources and to concentrate on the main objec-
tive of the study (in our case building the water quality model)
by trusting the work of other scientific groups (meteorology
groups in the current case).

Methods

The study area selected for this comparison study is the combined
South Saskatchewan River (SSR), Red Deer River (RDR), and
Lake Diefenbaker region located in the Canadian prairies. The
SSR and RDR are long rivers that originate in the Rocky
Mountains and flow through Alberta and Saskatchewan. In
Saskatchewan, they merge and flow into Lake Diefenbaker reser-
voir, 181 km long and 60 m deep, formed by the creation of the
Gardiner Dam and Qu'Appelle Dam over the SSR in the 1960s.

A model was required to work with a coupled system of two
long rivers and a reservoir with varying depths from a few
metres up to 60 m. Hence, a model with at least two dimen-
sions (with averaging over the lateral direction) was required
to capture the correct hydrodynamics and variations in the
longitudinal and vertical directions. Because of the rivers’ and
reservoir’s narrow widths, the gradients of importance are
expected to be in the vertical and horizontal directions, and
the third dimension (lateral direction) could be averaged. We
used a 2D surface water quality model to evaluate the out-
comes of using different meteorological databases. The CE-
QUAL-W2 model (Cole and Wells 2015), developed by the US
Army Corps of Engineers and maintained by Portland State
University, was selected for this study. The CE-QUAL-W2
model has over 40 years of development and has been success-
fully used for studying hydrodynamic, temperature, nutrient,
and sediment transport characteristics of rivers, lakes, and
estuaries. The model has also been successfully used on
Canadian Prairie reservoirs (e.g. Sadeghian et al. 2015, 2017a,
2017b, 2018, Terry et al. 2017, 2018, Mi et al. 2019).

This study is an extension of a previous study on which the
Lake Diefenbaker temperature model was calibrated for the
period 2011-2013 (Sadeghian et al. 2015), and a basis for
parallel studies on effects of climate change (Morales-Marin
et al. 2021, Akomeah et al. 2021), and on downstream macro-
invertebrate communities (Carr et al. 2019, 2020). In that
study, the temperature model was calibrated using four
model parameters: light extinction coeflicient, wind sheltering
coefficient (WSC), solar radiation shading coefficient
(SHADE), and inflow water temperature adjustment coeffi-
cient. The calibration was done using two methods; with
1000 Monte Carlo runs, and by the combined global-local
optimization (PSO + LM) method. Based on temperature
model calibration and global sensitivity analysis, the results
of temperature simulations had the highest sensitivities with
the WSC and the SHADE, which adjust the amount of wind
and solar radiation, respectively, applied to the surface of the
water. The WSC is the percentage of recorded wind speed from
a land station near a water body that is transferred to the water
surface. The wind becomes slower when it passes through
barriers such as trees and topographic peaks near the edge of
the water, and becomes faster when blowing over a lake with
a long fetch. Unfortunately, all the meteorological stations
used in this study were land stations (located offshore),
hence, the use of a WSC was necessary for calibration.

The coeflicient SHADE is the amount of shortwave solar
radiation that impinges the water surface. In CE-QUAL-W2,
100% SHADE means a clear sky and 0% SHADE means a fully
cloudy sky (+ topographic and vegetative). Similar to WSC,
SHADE is reduced by vegetation and topographic barriers
along the shore. The CE-QUAL-W?2 provides a good set of
tools to consider the topography around the water
body. However, the SSR and Lake Diefenbaker are located in
the Canadian prairies, which has a very flat topography. The
study area has such a flat topography that most of the
watershed areas do not contribute to Lake Diefenbaker and
the SSR (Pomeroy et al. 2009, Toth et al. 2009). As mentioned
by Sadeghian et al. (2015), about 98% of the inflow to the



reservoir originates from the Rocky Mountains in Alberta.
Hence, in this model, the shading coeflicient was used to
account for missing cloud cover, vegetation, and topography
collectively.

Sadeghian et al. (2015) found that the inflow water tem-
perature, which was calculated from the average weekly air
temperature, is the primary source of thermal energy to the
reservoir. Lake Diefenbaker is about 181 km long and its
boundary starts from Saskatchewan Highway #4. The closet
hydrometric stations that measure the water temperature are
located in Alberta at Medicine Hat on the SSR (374 river km to
Highway #4) and Bindloss on the RDR (218 river km to
Highway #4). Hence, the model boundaries were extended to
Medicine Hat and Bindloss, where hydrometric stations are
located and the water temperature is measured frequently
(Fig. 1). Comparing the modelled water temperatures with
the few recorded water temperature values at the lake’s inlet
confirms that the effects of ambient air temperature, solar
radiation, and the travel times between the stations and the

HYDROLOGICAL SCIENCES JOURNAL . 3

meteorological stations along the river and reservoir. These
nine water bodies were selected based on changes in topogra-
phy, morphology, and climatology. For the water bodies where
a meteorological station was not available, the station from
a neighbouring water body was used (Table 1). The state
variables for meteorological data are air temperature, dew
point temperature, wind speed, wind direction, cloud cover,
and shortwave solar radiation (Cole and Wells 2015).
Although the model can be used regardless of the frequencies
of the input variables, hourly or daily values must be used for
accurate results. We used hourly data for all the meteorological
variables and daily flow data at the inlet, and at the Gardiner

Table 1. List of stations along the South Saskatchewan River and Lake
Diefenbaker with hourly meteorological data for the study period (2011-2013)
available in the databases. ECCC: Environment and Climate Change Canada; WB:
water body.

lake’s inlet (1-3 d based on discharge rate) are enough to Stations AcculWeather Ecce MeteoBlue
. o WB1 Medicine Hat Medicine Hat Medicine Hat
remove the effects of initial boundary conditions (water tem- 5 Twin Peaks
perature) by the time the water arrives at Lake Diefenbaker  ws3 Burstall Leader Airport McNeill
(Highway #4). WB4 Estuary Estuary
In the model, the ri d th i divided into VB> Cramersburg
n the model, the rivers and the reservoir are divided into ¢ Beaver Flat Saskatchewan Landing
a total of nine interconnected water bodies, as shown by the  wg7 Lucky Lake Lake Diefenbaker
black lines in Fig. 1. The model reads meteorological data for =~ WB8 Riverhurst Riverhurst
. . WB9 Elbow Elbow Elbow
each water body separately, allowing the use of nine
515
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Figure 1. Map of the South Saskatchewan River (SSR), Red Deer River (RDR) and Lake Diefenbaker. The meteorological stations for the three databases are shown in the
map on top. The map on the bottom shows the locations of water temperature sampling stations used in model calibration.
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and Qu'Appelle dams. Model simulations were started
1 April 2011, assuming isothermal conditions to the reservoir
after ice melt and spring turnover, until 31 December 2013.

We ran 160 Monte Carlo runs for each meteorological
database (ECCC, AccuWeather, and MeteoBlue) for a total of
480 runs on the University of Saskatchewan High performance
computing (HPC)research cluster. There are a total of 96
nodes, each of which has 16 processors, on the research cluster,
giving a total of 1536 processors. To use the computing
resources more efficiently, the submitted task should be
a multiple of 16 (the number of processors in each node).
Hence, 160 runs (10 nodes) were used for each station. The
160 random values were the same in all set-ups, with a random
selection of two variables - WSC and SHADE uniformity -
distributed between the defined ranges. The model outputs
were compared with the measured temperature profiles at 16
stations along the reservoir (Hudson and Vandergucht 2015,
Sadeghian et al. 2015). The root mean square error (RMSE)
was used as the metric for model performance:

> (0-8)?

n

RMSE = (1)
where O is the value of observation in one column, S is the
corresponding simulated value, and 7 is the number of sam-
ples. The nine meteorological data files for the water bodies in
the model were prepared based on the description presented
below.

ECCC database

ECCC has a total of 8732 meteorological stations, as reported
on its website. Of these stations, 1441 stations are listed more
than once mainly because renovated stations are listed with
a new station ID; hence, 7291 stations remain when duplicates
are removed (Table 2). The number of working stations in
2013 was a small subset of this, about 1500 stations. Only 59
stations with hourly data intervals are located in Saskatchewan,
which is very sparse considering the large size of the province
(Table 2). Fifty-nine stations is equivalent to almost one sta-
tion per 11 035 km”. However, the quality of the data from
these stations is high due to long-term quality control history.

For our study area, the accuracy of measured data were
reviewed using over 20 years of historical data with outliers
and errors removed.

Another key limitation is the lack of cloud cover data.
Cloud cover data are critical for calculating shortwave and
longwave solar radiation that reaches the water and land sur-
faces. The model uses one meteorological station for each
water body; hence, nine meteorological stations are required.
However, there are only four stations within the proximity of
the SSR/Lake Diefenbaker region in the ECCC database. Thus,
these four stations were also used for the remaining water
bodies, according to their proximities.

AccuWeather database

Different meteorological variables in the AccuWeather data-
base stem from different sources, which could be based on
a single station, or a combination of several nearby stations
owned by governmental or private agencies, or their own
stations. If a weather station continues reporting for a long
period of time (e.g. 10 years) such that all the metrics can be
validated for the time frame for which the data are requested, it
is designated a “primary” station; otherwise, it is called “sec-
ondary.” Thus, the secondary stations are meteorological sta-
tions that are missing a robust predicting standard from which
to estimate the missing values in case of a device failure.
Because all the metrics cannot be validated due to gaps in the
data, these stations are also referred to as backup stations by
AccuWeather. Most of the AccuWeather meteorological sta-
tions used in this study were among the secondary stations;
hence their data did not pass any quality control screening
assurance. Among the nine water bodies in the model, there
were only six stations within the proximity of the SSR/Lake
Diefenbaker region in AccuWeather’s database. The remaining
water bodies used one of these stations according to their
proximity.

MeteoBlue database

MeteoBlue calculates and forecasts meteorological data using
its own model based on Nonhydrostatic Meso-Scale Modelling
(NMM) technology. Different modelling approaches are used

Table 2. Coverage and density of Environment and Climate Change Canada (ECCC) stations per province. The total number of stations is listed as 8732. However, after
removing duplicates, 7291 stations remain. Station information downloaded from the ECCC website on 24 July 2016.

Name Area (km2) Number of stations Active stations in 2013 One station for (km2)
Total Land Total Daily Hourly Daily Hourly
Alberta 661 848 642 317 1378 1331 294 262 262 2526
British Columbia 944 735 925 186 1653 1633 249 297 152 6215
Manitoba 647 797 553 556 512 507 81 95 57 11 365
New Brunswick 72 908 71 450 192 192 33 32 27 2700
Newfoundland and Labrador 405 212 373 872 280 264 84 69 51 7945
Northwest Territories 1 346 106 1183 085 141 130 87 60 63 21 367
Nova Scotia 55 284 53 338 278 260 72 50 43 1286
Nunavut 2093 190 1936 113 176 149 144 78 84 24919
Ontario 1076 395 917 741 1498 1421 256 216 180 5980
Prince Edward Island 5660 5660 43 42 1 17 9 629
Quebec 1 542 056 1365 128 987 928 209 237 139 11 094
Saskatchewan 651 036 591 670 659 651 85 103 59 11 035
Yukon 482 443 474 391 124 120 37 32 26 18 556
Sum 9984 670 9093 507 7921 7628 1642 1548 1152 8667




Table 3. Comparison of measured data (in general) from the meteorological
stations from all over the world and MeteoBlue re-analyses data.

MeteoBlue Measurement
Spatial resolution 3-30 km <1 km
Worldwide coverage 100% <1%
Number of parameters 45 <10
Number of years 30 2-30 (with gaps)
Time intervals Hourly, 3 hourly, daily (Hourly), 3 hourly, daily
Completeness (no data) 100% 10-99%
Consistency 100% Variable

Source: MeteoBlue (2016).

to reflect detailed topography, ground cover, and surface cover
characteristics. The company has provided data for 45 meteor-
ological parameters with a spatial resolution of 3-30 km and
a temporal resolution of one hour (hourly data) worldwide
since 1984, without any gaps or missing data (MeteoBlue 2016)
(Table 3). The reader is referred to <http://content.meteoblue.
com/en/verified-quality/verification> for verification and
accuracy control information. Since MeteoBlue data are mod-
elled, all the water bodies were assigned a station in the CE-
QUAL-W2 model.

Results and discussion

In many cases, the data in ECCC and AccuWeather databases
have similar values for the meteorological stations at the same
location by a water body [e.g. at Medicine Hat and Elbow
(Table 1)]. Hence, the ECCC stations are among the main
sources in the AccuWeather database for available variables.
For example, the values recorded for the station at Elbow
(water body 9) have almost the exact same statistics for
ECCC and AccuWeather (Table 4) for the available variables.
The ECCC has all the variables required as input data for the
CE-QUAL-W2 model except for cloud cover and shortwave
solar radiation data. The shortwave solar radiation can be
calculated internally by the model using the latitude of the
water body; hence, the cloud cover is really the only missing
data. MeteoBlue, on average, overestimates air temperature by
2°C, dew point temperature by 1.6°C, wind speed by 1.1 m/s,
and solar radiation by 61.9 Wm™>, and underestimates the
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cloud cover about 23% (2.3 out of 10) (Table 4 and Figs 2-7)
compared with ECCC and AccuWeather. In terms of annual
peaks, MeteoBlue has a maximum air temperature of 36.4°C
(about 2.5°C warmer than of ECCC and AccuWeather),
a maximum wind speed of 23.2 m/s (about 5.8 m/s faster
than of ECCC and AccuWeather), and a maximum shortwave
radiation of 968 Wm™> (about 94 Wm™? higher than of ECCC
and AccuWeather). Hence, the model is predicted to get more
heat and show stronger mixing (by wind) using MeteoBlue
data compared with ECCC and AccuWeather data.

The sensitivity analysis results show that all three databases
were able to produce acceptable model performances using the
160 Monte Carlo simulations, and using the two calibrating
coefficients (WSC and SHADE) (Table 5 and Figs 8 and 9). In
terms of model performance, the RMSE has optimum values of
1.40, 1.08, and 1.13 with AccuWeather; 1.27, 0.91, and 1.22
with ECCC, and 1.21, 1.12, and 1.20 with MeteoBlue for 2011,
2012, and 2013, respectively. Hence, the best performance was
obtained using MeteoBlue in 2011, ECCC in 2012, and
AccuWeather in 2013.

It was expected that the ECCC data would yield the lowest
performance, followed by MeteoBlue. The main reason was
that ECCC does not have data in close proximity to the study
region compared with the other two databases. Although
ECCC has fewer stations (four), and these stations are several
kilometres away from our research sites, the flat topography
around Lake Diefenbaker meant that the distance between the
stations and sites did not lead to large errors. Second, the lack
of cloud cover data could successfully be compensated for
using the SHADE coefficient. Similarly, MeteoBlue overesti-
mated almost all the variables compared with measured values
in ECCC and AccuWeather databases. However, calibrating
SHADE and WSC coefficients seems to correct the values
imposed on the lake’s surface.

It is worth mentioning that the SHADE coeflicient only
compensates for the effect of cloud cover on shortwave solar
radiation and does not affect the longwave radiation calcula-
tions. However, in the case of Lake Diefenbaker, a large por-
tion of thermal energy comes from the SSR, according to
Sadeghian et al. (2015). In that study, the proportion of the

Table 4. Statistics on the meteorological variables in the three databases for the station at Elbow (water body 9) for 2011-2013. ECCC: Environment and Climate
Change Canada; TAIR: air temperature (°C); TDEW: dew point temperature (°C); PHI: wind direction (rad); CLOUD: cloud cover (0-10); Solar: shortwave solar radiation

(Wm?s™").
AccuWeather ECCC MeteoBlue

2011 2012 2013 2011 2012 2013 2011 2012 2013

TAIR Min -35.0 -33.9 —-344 -35.1 -344 -34.6 -30.6 =279 -34.1
Max 328 328 339 33.0 327 34.0 354 353 36.4

Average 34 3.9 2.0 34 39 2.0 5.1 5.9 4.1

TDEW Min -389 -37.8 -38.9 -38.9 -38.4 -38.7 -33.8 =311 -37.6
Max 22.8 22.2 20.6 23.2 22,0 20.3 20.5 22.0 18.7

Average -2.1 -1.8 -33 =21 -1.8 -33 -0.6 0.1 -19

WIND Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Max 14.8 16.5 17.4 15.0 16.4 17.5 23.2 20.3 20.7

Average 4.6 4.5 4.5 4.6 4.5 4.5 5.7 5.7 55

PHI Min 0.0 0.0 0.0 0.2 0.2 0.2 0.0 0.0 0.0
Max 6.3 6.3 6.5 6.3 6.3 6.3 6.3 6.3 6.3

Average 35 35 34 35 35 34 3.6 3.6 35

CLOUD Min 0.0 0.0 0.0 0.0 0.0 0.0
Max 10.0 10.0 10.0 10.0 10.0 10.0

Average 6.6 6.8 7.0 4.2 43 48

Solar Min 0.0 0.0 0.0 0.0 0.0 0.0
Max 871.0 874.0 855.0 968.0 867.8 869.5

Average 114.5 114 110.2 189.1 162.6 170.0
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Figure 2. Time series comparison of air temperature in the three databases for the station at Elbow (water body 9) for 2011-2013. The plot at the bottom is enlarged for
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Figure 3. Time series comparison of dew point temperature in the three databases for the station at Elbow (water body 9) for 2011-2013. The plot at the bottom is
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Table 5. Model performance results based on root mean square error (RMSE) for
different stations during 2011-2013. ECCC: Environment and Climate Change
Canada.

Year AccuWeather ECCC MeteoBlue
2011 1.40 1.27 1.21
2012 1.08 0.91 1.12
2013 1.13 1.22 1.20

thermal budget from each thermal source to the lake was
quantified; it showed a considerable portion of the thermal
budget is the thermal energy from the inflow water. Hence,
although the SHADE does not affect the longwave radia-
tion, our models were able to perform well due to the
hydrological characteristics of the prairies, with many
clear-sky days (i.e. shortwave radiation dominating the
longwave radiation).

The three databases produced very good model perfor-
mances, but with slightly different parameter settings. Both
the WSC and SHADE parameters show sensitivity (RMSEs
between 1 and 5°C) to the databases, which varies for
different years. The WSC has optimum values of 0.72,
0.92, and 0.91 with AccuWeather, 0.86, 1.00, and 0.96
with ECCC, and 0.88, 1.09, and 0.97 with MeteoBlue for
2011, 2012, and 2013, respectively. The SHADE has

HYDROLOGICAL SCIENCES JOURNAL . 9

optimum performances with 0.90, 1.00, and 0.92 with
AccuWeather, 0.63, 0.71, and 0.60 with ECCC, and 0.61,
0.82, and 0.65 with MeteoBlue for the same years. It is
worth mentioning that a value of 1 (100%) for these coeffi-
cients means that there is no need for adjustment. Thus,
AccuWeather data for WSC (wind) provide the best results
without any adjustment, while MeteoBlue data require
some calibration. For wind speed data, MeteoBlue performs
slightly better than AccuWeather for the whole 2011-
2013 period.

Errors in model performance with the MeteoBlue data
decreased when the WSC values were greater than 1 in
2012 (Fig. 8). A value greater than 1 means the recorded
wind speed from the meteorological station needs to be
intensified when it is applied to the reservoir. The primary
reason is the fetch effect, which is a well-understood con-
cept when using land station data on a water body (e.g.
Gulliver and Stefan 1986, Condie and Webster 1997,
McJannet et al. 2012). According to the yearly averages
(Table 4), MeteoBlue has even higher wind speed values
(I.1 m/s on average) compared to the other databases.
Hence, the main reason for higher WSC values could be
inaccuracies in wind direction calculations, and conse-
quently smaller fetch, in MeteoBlue.
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Figure 8. Sensitivity analysis of Lake Diefenbaker temperature model performance using the three meteorological databases, for each study year. The figure shows the
effects of wind sheltering coefficient (WSC) on model performance for all the measurements based on the best run for each meteorological station for 2011-2013.
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Figure 9. Sensitivity analysis of Lake Diefenbaker temperature model performance based on the three meteorological databases. The figure shows the effects of solar
radiation shading (SHADE) on model performance for all the measurements based on the best run for each meteorological station for 2011-2013. RMSE: root mean

square error.
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In contrast to the WSC, model errors decrease with
MeteoBlue and ECCC data when smaller values are used
for the SHADE coefficient (Fig. 9). Small SHADE values
indicate that the amount of solar radiation that reaches the
surface of the water in the river and reservoir should be
decreased. As mentioned before, cloud cover data are an
important variable, which is absent in the ECCC database.
Also, in MeteoBlue stations, the cloud cover is underesti-
mated while the shortwave radiation is overestimated.
Therefore, the small SHADE coeflicient compensates for
cloudy days which are missing from the ECCC, and
adjusts the inaccuracies in cloud cover and solar radiation
in MeteoBlue.

Model performances with the data from the AccuWeather
database are the best, with no need for adjustments except for
WSC in 2011. Discovering this point is a rewarding achieve-
ment because we now know we can use the AccuWeather data
for historical modelling when there are no data available for
model calibration and validation with higher confidence.

Based on RMSE values, the re-analysed data in the
MeteoBlue database may produce slightly better results com-
pared with the actual measured data in the AccuWeather
database but with more parameter adjustments. The best
results with the MeteoBlue data for WSC are similar to
those obtained with the AccuWeather data when the calcu-
lated wind speed values are used without any correction. But
the model outcomes based on the SHADE coefficient show
that the results match better with the observed temperature
values when the solar radiation input is used with slight
alterations. The reason for this may be uncertainties in
cloud cover estimation in the MeteoBlue database while, in
AccuWeather database, the cloud cover data are actual
measurements.

Figure 10 compares all field measurements and simu-
lated values for the best model performances based on each
database for each year. The recorded water temperature
data used for model calibration are from field observations
from late spring until early fall. Hence, the measurements

seldom approach 0°C. The majority of observations range
between 10°C and a maximum water temperature of 25°C
in summer. The graphs show that the simulated values
from all three databases plotted against measured values
overlap each other very well, with similar deviation
patterns from the straight line. These deviations are higher
in 2011 followed by 2013 (Fig. 10).

Temperature profiles for the best performances of each
database show that the model was able to emulate the stratifi-
cation at different places along the reservoir (Fig. 11 and
Appendix Fig. Al). Vertical water temperature gradients are
high during the stratification period. Hence, correctly calculat-
ing the time of stratification and the depth and thickness of the
thermocline significantly affects the model performance. This
is the main reason for the strong influence of an accurate
prediction of meteorological forcing data on the model per-
formance, especially where the effects of inflow water are
reduced. Thermocline thickness predictions were accurate in
model runs using the data (see the Appendix, Fig. Al). The
vertical profiles for all three databases almost overlay each
other completely in most locations and most times. Thus, the
modelled data from the MeteoBlue database produced results
as accurate as those from the AccuWeather and the ECCC
database.

Another important issue for selecting a database is ease
of access to the data. ECCC data are available through the
ECCC website free of charge and are the easiest to obtain.
In contrast, there are processing fees for obtaining the data
from the other two databases. MeteoBlue provides data free
of charge for educational purposes, and we were able to
obtain the data in less than 24 hours. AccuWeather data
are most expensive, and it took almost a month to obtain
the data.

In selecting a good climate database, it is important
that the database has all the required variables for the
specific study. ECCC has high-quality databases; however,
a limited number of meteorological stations and an
absence of cloud cover data can produce large errors in
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Figure 11. Comparing the temperature profiles from the results of the three meteorological databases with the measured water sampling data. The results are
presented from the most upstream station to the most downstream station for observations made during 2011-2013.

the absence of measured data to calibrate the model.
AccuWeather has more stations and variables, but the
data are expensive and takes weeks to receive. We also
found the MeteoBlue database a very good option because
the data produce good results, are free of charge, and are
readily obtained.

Conclusions

We used three different climate databases to test the performance
of a water quality model: ECCC data with long-term quality
control standards, AccuWeather data with less than 10 years of
quality control data, and modelled MeteoBlue data. We used the
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climate data from these databases to run the CE-QUAL-W2 water
quality model for Lake Diefenbaker in Saskatchewan, Canada. The
results show very good model performances with all three data-
bases, but with more reliance on calibration in ECCC and
MeteoBlue. The main reasons are a lack of cloud cover data and
the lower number of stations in ECCC databases, and the over-
estimation of solar radiation and underestimation of cloud cover
data in MeteoBlue. Cloud cover influences the heat budget by
affecting shortwave and longwave solar radiation.

MeteoBlue data, which are modelled data, produced small
errors but required adjustments to some parameters. These results
are a validation of the MeteoBlue modelling algorithms as well.
Easiness and quick access to the database and support of academic
projects by providing free access to those data can be a motivator
for considering the use of MeteoBlue data in many environmental
studies in future.

AccuWeather data are expensive and time consuming to obtain
but provide the best results with little need for adjustment of
parameters. Considering the length and cost of a study, these fees
and the time to obtain data may be justifiable in many large
research programmes. The database can be used for modelling
the locations or time frames when observations are not available
to calibrate model parameters. Additionally, AccuWeather data can
significantly reduce the field monitoring costs with lower data
requirements for model verification.

When selecting a meteorological database, it is important that
the database has all the required variables. ECCC has high-quality
databases; however, the lack of cloud cover data demands model
parameter calibration to avoid errors in the CE-QUAL-W?2 water
quality model. Also, the limited number of meteorological sta-
tions is a drawback. Depending on the proximity of the study site
to stations available in the database and the variables required for
the study, the ECCC data can be used with confidence.
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Figure A1. Temperature profiles for the best performances of the Environment and Climate Change Canada, AccuWeather and MeteoBlue databases among all the
temperature profiles recorded in Lake Diefenbaker during 2011-2013.
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Figure A1. (Continued).
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Figure A1. (Continued).
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