
 
3.0 DATA CONSOLIDATION AND CONVERSION 
 
All data have been converted from the raw ASCII format (i.e. raw data logger 
output) in to MS Excel spreadsheet files. Each MS Excel files contains data for a 
single station and recording program. Files are named in the format: StnN-ppp.xls, 
where N refers to the station identification (A, B, C, D, E, F, H, J, or L) and ppp is 
the program designator (m30, m60 and day for 30-minute, hourly and daily 
recording, respectively). Each file contains a worksheet for every year and variables 
are grouped by year. Each worksheet contains a two-row header with variable 
descriptions as follows: 
 

a) DAY – day of year (1 to 365/366); 
b) HOUR –  time in PST formatted hmm; 
c) TEMP_AIR – average air temperature (oC); 
d) RH – average relative humidity (%); 
e) RAD_S – average global solar radiation (W/m2); 
f) PRECIP – precipitation depth during recording interval (mm) 
g) AV_WIND – average wind speed (m/s); 
h) MX_WIND – maximum wind speed during recording interval (m/s); 
i) DIR_WIND – wind direction (degrees); 
j) TEMP_W – average water temperature (oC); 
k) WDEPTHn – average water depth for sensor n (mm or m); 
l) Flags TEMP_AIR – quality control flags for TEMP_AIR; 
m) Flags TEMP_W – quality control flags for TEMP_W; 
n) Flags PRECIP – quality control flags for PRECIP; and 
o) Flags RAD_S – quality control flags for RAD_S. 
 

Missing data records are padded with -999. As the 30-min, hourly and daily data 
for each variable are recorded by the data logger using the same sensors, record 
completeness (i.e. data gaps) is identical for each recording program. Therefore, 
record completeness for the period 1989 to 2004 for 30-min, hourly and daily data 
is summarized as a whole in Tables A1 through A7 in Appendix A. Data gaps 
(indicated by -999) are not a function of quality control, but simply indicate periods 
of lost data due to either logger failure, sensor equipment failure, or data lost during 
upload. 
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4.0 DATA QUALITY CONTROL 
 
Due to the volume of data that required quality checking, screening rules were 
developed in order to automate the process to some degree. Due to time constraints, 
quality assurance was performed on the hourly and daily data only as in practical 
application it is typically hourly and daily data are of most use (and, therefore, most 
demanded). Priority of quality checking was given to air temperature, water 
temperature, precipitation and solar radiation; time did not allow the checking of 
any other variables. The screening rules were used only to identify suspect data; in 
all cases the original data have been left intact with no attempt made to correct or 
replace the data. Several different text labels are used to identify data as suspect and 
to indicate the screening rule that generated the flag. The screening rules used in 
the quality control process are described in the following sub-sections. 
 
 
4.1 Temporal Outlier Limit Check 
 
This check was intended to flag data as suspect that are much larger or smaller than 
neighbouring values (i.e. extreme) or data that exceed known physical limitations 
(i.e. non-zero solar radiation measured between sunrise and sunset). Lazante’s 
[1996] bi-weight mean and bi-weight standard deviation are used to identify 
temperature outliers. The bi-weight estimate of the mean is a weighted average 
such that weighting decreases away from the centre of the distribution. Such 
statistics are robust and more resistant to outliers and provide a more robust means 
of deriving test statistics from the same data in which quality is suspect. In order to 
account for seasonality, only a portion of the record is used to check a suspect 
value. Following a technique similar to that of Feng et al. [2004], for hourly data, a 
suspect value is checked by comparing it with neighbouring values in the preceding 
and succeeding 3 hours, within the preceding and succeeding 7 days for every year 
of the record. For daily data, neighbouring values are based on the preceding and 
succeeding 7 days for every year of the record. This process creates a new time 
series Xi, which is but a small subset of the overall time series. No-data values are 
excluded from calculations. Once the Xi time series is obtained, the median (M) and 
median absolute deviation from the median (MAD) are estimated; and from these 
statistics, the weights ui are calculated as 
 

MADc
MX

u i
i ×

−
=  (1)

 
where c is a constant representing a censor value, such that all observations beyond 
a certain critical distance are given zero weight. A censor value of 7.5 was used 
[Lazante, 1996; Feng et al., 2004]. In order to accomplish the censoring, one sets ui 
= 0 when |ui| > 0. The bi-weight mean is estimated as 
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and the bi-weight standard deviation is estimated as 
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Due to the short data records, the seasonal variation of the bi-weight statistics for 
the daily data, particularly sbi, is not always smooth. As such the biX and sbi for the 
daily data for each station were smoothed using the first two harmonics of a Fourier 
series, which gives 
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where Ybi is any bi-weight statistic and d is the day of the year (1 to 366), and the 
parameters ai are estimated from least squares. An example of the smoothed biX  
and sbi for daily air temperature at Station A is shown in Figure 11. Data values are 
checked by comparing a Z score which is determined from 
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XX
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−
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where Xo is the observed value. Observed values are flagged as suspect when Z is 
greater than 3, 4, or 5 (i.e. Xo is outside the range of biX  ± A*sbi, where A = 3, 4, or 
5). Values of Z > 3, 4, or 5 are flagged “A3”, “A4”, and “A5”. Respectively, 
indicating different degrees of suspicion. This method is only applied to the 
temperature data (i.e. air temperature and water temperature).  An example of the 
application of the outliers check is shown in Figure 12. The percentage of hourly 
air and water temperature data flagged for temporal outliers is shown in Table 1; 
the percentage of daily air and water temperature data flagged for temporal outliers 
is shown in Table 2. The proportion of temperature records flagged A3, A4, or A5 
is generally quite low. 
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Figure 11. Estimated (circles) and smoothed (red line) bi-weight a) 
mean and b) standard deviation for Station A daily air temperature. 

 

 
Figure 12. Temporal outliers check for daily air temperature at 
Station C, 1989 to 1998. 
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Table 1. Hourly Data Quality Summary. 

Proportion of Records Flagged (%) Station A3 A4 A5 B C
Air Temperature 

A 0.39 0.07 0.03 0.23 6.07
C 0.80 0.25 0.10 0.11 8.31
D 0.49 0.08 0.03 0.47 5.67
E 0.27 0.05 0.31 0.14 5.68
F 1.16 0.23 0.09 0.59 5.69
H 2.01 0.93 0.51 0.29 5.02
L 0.47 0.11 0.04 0.03 12.43

Water Temperature 
B 0.20 0.19 0.08 0.02 15.17
C 1.32 0.44 0.86 0.50 8.17
E 0.33 0.07 0.59 0.18 5.03
H 0.42 0.19 0.59 0.08 3.19
J 0.42 0.07 0.01 0.01 0.56

Precipitation 
A --- --- 0.00 0.00 0.25
C --- --- 0.01 0.10 0.38
D --- --- 0.00 0.00 0.27
E --- --- 0.00 0.00 0.00
F --- --- 0.01 0.54 1.27
H --- --- 0.00 0.00 0.59
L --- --- 0.01 0.18 0.83

Solar Radiation 
A 1.63 0.09 10.14 --- 8.81
C 0.08 0.04 4.61 --- 3.49
H 0.45 0.06 4.59 --- 3.77
E 0.22 0.07 1.59 --- 1.18
L 3.30 0.35 10.19 --- 8.31
 
 
Outliers for hourly and daily precipitation were set using constant values, Pmax. A 
Pmax value of 50 mm was set for hourly precipitation, based on mechanical 
recording limits for typical tipping bucket rain gauges determined by Meek and 
Hatfield [1994]. A Pmax value of 225 mm was set for daily precipitation, which was 
the highest daily precipitation value recorded for the Carnation Creek CDF station 
(Environment Canada Station ID 1031413) in February 1986 [Environment 
Canada, 2004]. Precipitation values that fail the outlier limit screening are flagged 
with the text label “A5”. The percentage of the precipitation record flagged in this 
manner is given in Table 1 and Table 2 for hourly and daily data, respectively. 
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Table 2. Daily Data Quality Summary. 

Proportion of Records Flagged (%) Station A3 A4 A5 B C
Air Temperature 

A 0.81 0.28 0.11 8.65 0.42
C 2.46 0.77 0.40 6.41 0.28
D 1.04 0.00 0.00 5.54 0.66
E 0.69 0.06 0.00 6.60 0.09
F 1.46 0.38 0.00 7.06 0.46
H 2.64 1.96 1.51 2.44 0.89
L 0.63 0.00 0.00 4.35 2.30

Water Temperature 
B 0.12 0.16 0.12 0.04 4.11
C 0.58 0.18 4.28 1.76 6.18
E 0.88 0.00 0.04 0.70 5.38
H 0.24 0.00 0.00 0.15 3.96
J 0.57 0.13 0.00 1.38 0.94

Precipitation 
A --- --- 0.00 0.24 0.00
C --- --- 0.00 0.03 0.00
D --- --- 0.00 0.00 0.00
E --- --- 0.13 0.00 0.00
F --- --- 0.00 0.00 0.00
H --- --- 0.00 0.25 0.00
L --- --- 0.88 1.38 0.00

Solar Radiation 
A 0.61 0.00 0.00 --- 1.26
C 0.12 0.43 0.71 --- 3.38
H 0.46 0.36 1.49 --- 1.49
E 0.00 0.00 0.00 --- 1.34
L 2.91 0.00 0.05 --- 0.30
 
 
Outliers for hourly and daily solar radiation were checked by establishing the physical 
upper bound on measurements as the above-atmosphere potential solar irradiance curve 
[Bras, 1990] 
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where Wo is the solar constant (1353 W/m2), r is the ratio of the actual earth-sun distance, 
δ is the declination of the sun, Φ is the local latitude (48.9o), ∆t is the time interval (t2 – 
t1; 3600 s and 86400 s, for hourly and daily data respectively), and τ1 and τ2 are the local 
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hour angle of the sun at time t1 and t2, respectively (based on a latitude of 125o W). It was 
assumed that all solar radiation sensors were installed such that they measured solar 
radiation incident on a horizontal surface and (6) was not adjusted to account for local 
slope angles. The lower bound for solar radiation was set at zero. Due to scattering and 
absorption of solar radiation as it passes through the atmospheres, the clear-sky solar 
radiation incident upon a horizontal ground surface is somewhat less than that given by 
(6), ranging from 0.75  for the clearest of days to lower than  0.40  for overcast 
days [Campbell and Norman, 1998]. As such, values of observed solar radiation that 
exceeded 0.75  were considered suspicious and flagged “A3”; values that exceeded 
0.90 were treated as highly suspicious and flagged “A4”; and values that 
exceeded were regarded as likely corrupted and flagged “A5”. The proportion of 
flagged hourly and daily solar radiation data is summarized in Table 1 and Table 2, 
respectively. 

o
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o
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o
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tI ∆
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A substantial portion of the hourly solar radiation record is flagged A5, indicating that 
physical impossible values of solar radiation are frequently recorded. A great majority of 
these flags occurred when the solar radiation sensors at Stations A and L continued to 
read non-zero radiation values between the hours of sunrise and sunset, predominantly 
during 1994 and 1995; this apparent freeze-up also accounts in some part for the large 
proportion of NOC flags recorded at those two locations. The process of daily averaging 
tends to mask this sensor trouble, and the daily average solar radiation values show a 
smaller proportion as the record flagged for outliers. The generally high proportion of 
hourly solar radiation flagged as NOC (3.8 to 9%) can also potentially be attributed to the 
suppression of solar radiation incident on the sensor due to vegetation and topographic 
shading. 
 
 
4.2 Rate of Change Check 
 
The rate-of-change rule [Meek and Hatfield, 1994] was used to identify those values that 
may have passed the temporal outlier check but still tend to show abnormally high step 
changes from one reading to the next. The rate-of-change limit for any air and water 
temperature value Xj is defined as 
 

[ ] [ ]( ) bsjXsjXXX bibibibijj 4)1(4)(0 1 −−−+≤−≤ −  (7)
 
where b is another censoring value; a value of b = 6 was chosen for both hourly and daily 
data. Essentially any temperature value (hourly or daily) that steps higher than one-sixth 
the range of the bi-weight mean plus/minus four bi-weight standard deviations is flagged 
as having a suspiciously high step. The use of (7) allows for a dynamic rate-of-change 
limit that fluctuates seasonally. Temperature values which fail the ROC screening are 
flagged with the text label “B”. The percentage of hourly air and water temperature data 
flagged for ROC is shown in Table 1; the percentage of daily air and water temperature 
data flagged ROC is shown in Table 2. 
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The rate of change limit for precipitation was set at a constant value of Pmax/2 for both 
hourly and daily precipitation [Meek and Hatfield, 1994]; 25 mm and 112 mm, 
respectively. Precipitation values that fail the ROC screening are flagged with the text 
label “B”. The percentage of the precipitation record flagged in this manner is given in 

 and  for hourly and daily data, respectively. Due to high temporal 
variance, no ROC screening was conducted for hourly or daily solar radiation. 
Table 1

Table 1

Table 2

 
 
4.3 No-Change Check 
 
A no-change (NOC) screening was utilized to check for data values that do not change 
over a specified period of time [Meek and Hatfield, 1994].  The NOC rule for a variable 
Xj is given as 
 

njjjj
N XXXX −−− ==== L21  (8)
 
where N indicates logical negation of Xj and the limit n indicates the time period over 
which X is permitted to remain stable; n = 3 for hourly and daily air temperature, daily 
water temperature, hourly and daily precipitation and hourly and daily solar radiation 
[Meek and Hatfield, 1994]. Due to the high heat capacity of water, it was found that n had 
to be set to 24 for hourly water temperature in order to avoid an excessively large number 
of records being flagged. Only non-zero hourly and daily precipitation and non-zero 
hourly solar radiation values are subject to the NOC screening. Values which fail the 
NOC screening are flagged with the text label “C”.  
 
Surprisingly, the results of ; suggest that for all stations, failure to pass the NOC 
test for hourly air temperature is a common occurrence, despite a measurement resolution 
of 0.1 oC, and the proportion of record flags exceeds 5% for all stations, and is as high as 
12.4% for Station L. For hourly water temperature the proportion of record flagged for 
NOC is proportional to discharge, ranging from 15.2% for station B to 0.6% for Station J. 
Although these results suggest that the NOC criteria for water temperature may be set too 
high, it seems unlikely that water temperature should fail to fluctuate by the measurement 
resolution of 0.1 oC over a 24-hour period so frequently. The proportion of the daily 
record flagged for NOC is less than 3 and 6.2% for all stations for air and water 
temperature, respectively. The proportion of the precipitation record flagged for NOC is 
low; less than 2% for hourly and zero for daily. 
 
 
4.4 Double Mass Check for Precipitation Homogeneity 
 
A qualitative check on precipitation was conducted using double mass curves. Double 
mass curves essentially check data homogeneity; they are useful for detecting shifts in the 
calibration or functioning of equipment at one station using concurrent readings from 
another station [Allen, 1996]. As this method of assessment is qualitative in nature, 
general comments will be made regarding the quality of precipitation measurements, but 
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no flags have been added to the data as a result of a suspicious double-mass result. As the 
double mass comparison is based on cumulative precipitation, no distinction need be 
made between hourly and daily data. A preliminary analysis of the data suggests that 
Station A has the highest and most consistent precipitation data (during 1989 to 1998) 
and, as such, the Station A precipitation data forms the baseline for all double mass 
analysis. Double mass precipitation comparisons are shown in Figure 13. 
 
The double mass analysis indicates that precipitation records for Stations C, F, and H are 
generally sound, although the data from Station C doe s show some erratic behaviour that 
may justify closer scrutiny (Figure 13) and the rate of precipitation accumulating at H is 
decreasing slightly with respect to A. Precipitation recorded at Station E is generally 
unreliable, not showing any clear relationship with precipitation from Station A; 
measurements are erratic and precipitation often fails to register when it is being recorded 
concurrently at A or, conversely, precipitation is recorded at Station E when none is 
recorded at Station A (Figure 13c). Differences in precipitation occurrence, depth and 
intensity due to topography and other influences can likely be ruled out as the agreement 
between precipitation recorded at Stations A and H is very good (Figure 13e), and Station 
H is located only a few hundred metres to the west of station E. The last month of 
precipitation data record at Station D (from December 1996) appears to be unreliable, 
with virtually no precipitation recorded while almost 34 cm was accumulated at Station 
A.  Similarly, the last half of the precipitation data recorded at Station L also appears 
unreliable, generally underreporting from November 1994 onward. Although the high 
precipitation gradient (about 2.0 cm/m) recorded between Station L and Station A prior to 
November 1994 might generate some suspicion regarding the first half of recorded at 
Station L, a similar gradient was recorded between Stations A and F (2.3 cm/m) (Figure 
13d). 
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Figure 13. Double mass curves of Station A precipitation versus Stations a) C, b) D, c) E, d) F, e) 
H, and f) L. 
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