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Abstract

Data collection plays a vital role in the analysis and results of
a study. In this paper, the authors will discuss a research study
in which sparse, unreliable data was collected. The original
goal of the authors was to estimate daily sediment discharge
at a number of tributaries. This paper will outline that orig-
inal goal, discrepancies in the data, and the effects of those
discrepancies on sediment discharge calculations. After deal-
ing with unreliable data, the authors provide ideas and tips
that some may have forgotten when conducting field work.

Introduction
One of the most important aspects of a research study
is data collection. The decisions a scientist makes when
collecting data will have a direct effect on the analysis and
results produced. It is equally important to not only collect
accurate data, but to collect as much data as is required to
perform all desired relations, regressions, and models used
in the analysis. For instance, if one was trying to estimate
their daily consumption of calories for the past 180 days
with 50 days of recorded daily calorie intake (observations),
then the 50 observations will have less error in estimating
daily consumption than 25 observations and a larger error
than 75 observations. Questions one should ask in such
cases is, what is the margin of error, how much confidence
do you want in the estimations (95% confidence or 90%
confidence), and what is the significant level (α) (Lenth,
2001). If 50 observations are required, but one is only able
to extract 25 observations, then the parameters listed above
need to be adjusted.

Background
In 2015, there was a fire disturbance at Ruth Reservoir
in Mad River, CA. The fire affected the river systems
tributaries to varying degrees, with some left unburned. Our
study site consisted of eight of these tributaries (Fig.1).
Originally, the authors were interested in studying the
effects of fire disturbances on these tributaries.

Figure 1: Mad River Study Area (Eco-Informatics, 2016)

By comparing annual sediment yield at burned and
unburned tributaries, we would be able to see, intuitively,
the effect of the 2015 fire on sedimentation. We expected to
see an increase in sedimentation at sites which were burned
in the fire. Depending on the severity of a fire, it can affect
soil integrity (Shakesby and Doerr, 2006), which may lead
to increased sedimentation into surrounding river networks
(Canfield, Goodrich, & Burns, 2008).

The authors tasks included calculating daily sediment
discharge records from each of the eight tributaries using



information gathered from undergraduates, faculty, and
staff on six site visits per tributary. Information such as field
notes, culvert measurements, measurements from samplers,
photos taken during site visits, and USGS data from the
upstream station gage at Ruth Reservoir was used. With this
combined information, point estimates of water discharge,
suspended-sediment concentration, and sediment discharge
can be calculated and then used to estimate daily sediment
discharge.

Point estimates of water discharge were calcu-
lated using various measurements at the tributaries
culverts. The authors used an online calculator (on-
linecalc.sdsu.edu/onlinechannel03.php) to find discharge
values. To calculate discharge within a culvert we need
the culvert diameter (D), water depth (y), culvert slope
(S), and Mannings Roughness (n). Culvert diameters were
measured twice, at the beginning and end of surveying. The
distance from the top of the culvert to the water surface was
measured at each trip. This measurement will be referred to
as the culvert height. Water depth was calculated indirectly
using those culvert heights and the culvert diameters.
Culvert slopes were measured during our surveying trip in
June. Finally, we consistently used a Mannings roughness
of 0.022, a known value for corrugated metal (LMNO,
2014).

Phillips (Fig.2), a time-integrated sediment sampler, was
used to collect suspended sediment. As shown in Fig.3,
the nozzle of the Phillips sampler is pointed upstream, and
water is directed through a small hole at the center of the
nozzle. As water is dispersed into the wider section of the
Phillips sampler, flow decreases and sediment falls to the
bottom of the sampler. Water exits through another small
hole at the downstream end of the sampler, allowing a
continuous flow and buildup of sediment. We can empty the
sample into a bucket, filter out the sediment, and measure
the mass of the sediment.

In order to obtain suspended-sediment concentration, we
used an automated pump water sampler (ISCO) at three of
the eight tributaries. The ISCO has a tube that runs into
the tributary and was set to pump 140 ml of water from the
tributary every 4 hours collecting 6 samples per day to fill
one bottle in the ISCO (ISCO contained 24 bottles). If we
separate the sediment from the water in our samples, we can
take easily calculate suspended-sediment concentration by
dividing volume from mass of sediment.

A grab sample is a depth-integrated method which we
used to measure sediment concentration as well. A bottle
was dipped along the cross-section of the tributary, and using
the same methods for the ISCO, we can calculate suspended-
sediment concentration.

Figure 2: Photo of Phillips Sampler.

Figure 3: Illustration of how suspended sediment is captured
using a Phillips Sampler.

Sediment Rating Curve
Different methods have been employed to calculate daily
sediment discharge records. One of the most commonly
used methods for estimating daily sediment discharge
records is the sediment rating curve (SRC) (Gao, 2008;
Sivakumar, 2006; & Gray and Simes, 2008). It relates sedi-
ment discharge and water discharge empirically and tempo-
rally (Gray and Simes, 2008) by,

Qs = C ∗Qw ∗K. (1)

Where suspended-sediment discharge (Qs), is in
(tons/day) or (tonnes/day); water discharge (Qw), in
(ft3/second) or (m3/second). Since we are calculating
Qw using culvert measurements and C using the Phillips,
ISCO, and Grab samples, Qs is only a point estimate, so it
is extremely important to get accurate and representative
measurements. Once point estimates are calculated from
Equation 1, the SRC can give our daily sediment discharge
estimates by the product function:



Qs = a ∗ (Qw)b. (2)

Here, a and b are coefficients. Often times, a and b are
estimated by log transformations on Qs and Qw, such that
Equation 2 is represented in a log linear equation (Porter-
field, 1972; & Sivakumar 2006):

ln(Qs) = a+ b ∗ ln(Qw) + ε; (3)

Qs = exp(a+ b ∗ ln(Qw) + ε); (4)

and ε is an independent random error with ∼N(0,σ2).

Gaussian Processes
Gaussian processes were also used in an attempt to calculate
daily discharge. Gaussian processes (GPs) are a machine
learning technique often used for regression. They are
commonly used for observations that are related spatially or
temporally. The closer two points are in space or time, the
more related they will be. In between those data points, the
exact behavior of a GP is defined by a mean and covariance
function.

Once a GP is defined by the mean and covariance
function and given test inputs and outputs, it can be used to
interpolate between data points. It will produce a continuous
function of estimations between data points, along with a
confidence interval. The farther an estimate is from a known
point, the greater this confidence interval will be.

Figure 4: Plot generated by a Gaussian process demo in
the pyGPs package, a Python library for implementing GPs.
Blue plus signs represent observations, the green line repre-
sents interpolated values, and the shaded green area shows
the confidence interval. (Neumann, M., 2014)

We wanted to use Gaussian processes defined by a
number of mean and covariance functions to find daily
estimations and confidence intervals between our known

data points. As we will see in the next section, this proved
more complicated than expected.

Data Discrepancies
As mentioned earlier, it is important to obtain accurate
measurements. Even the smallest errors in water discharge
measurements can lead to significantly larger errors in
sediment discharge estimations (Sivakumar, 2006). Fur-
thermore, Gray and Simoes (2008) state, An assessment of
data comparability and reliability is an important first step
in the estimation of sediment discharges. We immediately
noticed issues with culvert measurements and data retrieved
from the samplers, along with minor mishaps, that lead to
a large range of values for our point estimates in sediment
discharge.

A number of issues came about as we began calculating
culvert discharge. Water depth, which had been measured
indirectly, was a major source of discrepancy. Culvert
diameters were measured on the first trip to the tributaries.
On the six subsequent trips, the distance from the top of the
culvert to the water surface was measured. This distance
subtracted from the culvert diameter should have given us
the water depth. However, in several cases the water depth
came out to be a negative number.

There are two explanations for this: either our diameter
measurements or our culvert height measurements were
incorrect. One possible issue with the culvert diameter
measurements is that over the course of our trips, some
sediment may have built up in the culverts, effectively
changing the culvert diameter. In addition, the culverts
were made out of corrugated metal and it is not clearly
documented whether either the diameter or culvert height
measurements were taken from the outer ridge or inner
saddle of the corrugation. There also could have been error
in culvert heights if the measurement wasnt taken perfectly
vertically in the center of the culvert.

The Phillips and ISCO samplers can give us sediment
mass and sediment concentration respectively. However,
the measurements on the datasheets were incomplete. For
example, on the Phillips samplers, some of the container
weights were not obtained; meaning, out of the three
different buckets that were used to collect the sample from
the Phillips, we had to guess which bucket was used during
that particular site visit. This is a concern since the three
buckets have three different weights to them (we ran into
the same issues with the Grab samples). The ISCO data had
missing dates for which the sample was collected and the
ISCO samplers had technical malfunctions as well, so not
all the bottles collected samples.



In addition, some minor mishaps were discovered by the
authors. The camera used to take pictures of the sites and
samplers had not been adjusted for daylight savings and the
photos lacked reference points. For instance, site photos
containing Phillip samplers in the water show no reference
to site location, the overall behavior of the tributary, or
any other changes in the tributary besides the possibility
of water depth. Multiple worksheets or checklists were
incomplete, so when questions regarding water depths
were brought up, the authors could not locate some of that
pertinent information to answer those questions. The time
at which the measurements were taken was not recorded.
Recording the time when measurements take place is impor-
tant, especially when water discharge can drop or increase
quite a bit within 15 minutes. All these minor mishaps play
a crucial role in the organization and understanding of the
data.

Results
Estimating daily sediment discharge records with inaccurate
measurements for six data points cannot produce quality
estimates to make statistical inferences. With compounding
discrepancies it was difficult to calculate any type of point
estimate. The best we could do at this point in the research
was to check the range of values a point estimate could be.

Using the flowchart in Fig.5, the authors used Marina
Creek data from the site visit on January 9th, 2016 to
give a range of possible values for one point estimate on
sediment discharge. We took into consideration that the
culvert diameter could be off by (+,-) 3 inches, the top of
culvert to water surface could be off by (+,-) 1 inch, and the
bottle weight from the Grab sampler could either be 51 or
56.29 grams, since the container weight was undocumented
and there were two possibilities for the container used.
Taking those minimum and maximum values into account,
our point estimate range on that day was between 2.569
(tonnes/day) and 8.921 (tonnes/day). This is a very large
range, especially considering that our daily estimations
were meant to build off of these point estimates.

We continued this example, calculating the range of point
estimates on sediment discharge for all other site visits at
Marina Creek (Fig.6). We noticed that the range of possible
point estimates appears to be larger with larger recorded
values of sediment discharge, and more narrow with smaller
values of recorded sediment discharge, as seen in Fig.6.

Gaussian Process Results
Due to the uncertainty in our point estimates, we decided to
use the USGS stream gage data above the Ruth Reservoir as
a more reliable data source for our Gaussian processes. The

Figure 5: Flowchart for Marina Creek on 01/19/2016 to see
how small errors in the beginning lead to large errors in sed-
iment discharge estimates.

Figure 6: Range of values for sediment discharge per site
visit, where the red squares represent the observed value at
each site visit and the black circles represent the lower and
upper boundaries that observed point could actually take on
given the discrepancies.

USGS stream gage continually measures water discharge
every 15 minutes. Having this consistent dataset allowed us
to see how accurately a Gaussian process could interpolate
discharge data. Rather than feeding the GP our uncertain
and sparse data, we used the daily USGS data to see how
many observations are needed for a GP to predict discharge
with a reasonable level of certainty.

Using the USGS stream gage data from January 1st to
April 20th 2016, we gave the GP a decreasing number of
observations. First, the Gaussian process was given an
observation every day, for a total of 111 data points. The
resulting plot (Fig. 7) gives us an accurate idea of what was
really happening at the reservoir in this time period. There
is no uncertainty in our estimations, because we have an
observation every day and that observation is assumed to be
noiseless.



Figure 7: A Gaussian process plot of USGS stream gage
data, given an observation every day from January 1st (day
zero) to April 20th. The two yellow stars mark important
flood events.

As seen in this plot, there are several very quick events in
which discharge rises and falls dramatically. Though these
events take place over just a few days, they have a large
effect on overall sediment yield. As we begin dropping
out observations, these events quickly become overlooked.
When using a Gaussian process with observations every
third day (Fig. 8), two of these major events are already
lost.

Figure 8: A Gaussian process plot of USGS stream gage
data, given an observation every third day. The two yellow
stars mark known flood events which are overlooked in this
GPs interpolation.

It has quickly become clear that the six data points
we collected approximately every 24 days would have
been insufficient for interpolation, even if the data had
been collected with more certainty. When dealing with
measurements as unpredictable as discharge in a flashy
river system, data should be collected at least several

times a month, if it isnt possible to collect daily mea-
surements. While several observations a month would
still overlook certain events, they would give a much bet-
ter idea of the systems activity than a single point per month.

It should be noted that this USGS stream gage is mea-
suring discharge for a much larger area than our tributary
sites, so the rise in discharge during flood events will be
larger than at our sites. However, we expect similar quick,
dramatic events on a smaller scale at our tributaries. Any
missing data points will still greatly affect our understand-
ing of discharge activity at a tributary.

Discussion
In the design planning stage of research, the researcher
must consider how many observations are required to create
models, regressions, and analysis, and what parameters
would be used (Lenth, 2001). For example, to see if there is
a linear relationship between two variables, you would need
more than two points. In the authors case, six observations
were not sufficient to create daily discharge records for five
months, as seen in the GPs using the USGS stream gage
data.

Obtain accurate measurements. The authors started with
questionable data, so what would be the point of conducting
regressions and analysis? In other words, if we cannot rely
on our data, then we cannot rely on our inferences, and
should not. In the end, bad data produces bad results, so one
needs to make collecting accurate measurements a priority.
In carpentry work there is a saying, Measure twice, cut
once. A researcher can easily measure the culvert height and
diameter several times to ensure the most accurate measure-
ment (the time at which the measurements were conducted
should be documented as well). Documentation is also a
very important aspect of taking accurate measurements. If
you are using any type of instrument to collect samples,
such as a bottle, bucket, or filter, then record their initial
weight, size (i.e. 5 gallon bucket or wide mouth bottle),
identification number (if one does not exist, create one), and
color before using the instrument; every detail is important.

Along the way, review all the measurements collected
at survey site. A quick review will save a lot of headache,
especially when the data shows negative values for water
height. It is intuitive that water height should be greater than
or equal to zero, zero when the stream channel is empty and
greater than zero when there is water in the stream channel.
Intuition goes a long way in research–does the measurement
make sense? Reviewing the measurements at site and not
in the lab is most important; the survey site may be in
another state or country that is not easy to get back to, so
review while you still have the ability to analyze uncertain



measurements, for the authors ran into this issue. If a study
was analyzing temporal relationships, then revisiting the
study site to remeasure an uncertain past point estimate
would be considered pointless, but great as a new point
estimate.

A good rule of thumb is to photograph as much as pos-
sible. A researcher should photograph the site with correct
labels. Take photos from afar and close up of the samplers
used, culverts, and other significant figures/features of the
site (to include the field workers). If possible, photographs
of the measurements should be taken. All photographs
should be recorded in field notes with the correct photo
ID given by the camera and not just the order in which
the pictures were taken (i.e.the 5th photo). Photographs
are important, especially if something was missed or not
recorded. A great fall back or a reminder of that day is in
the photographs, so take as many as possible.

Finally, record as much as possible because any infor-
mation could be key to the research study. If a sampler is
removed from a site then it should be documented which
sampler was removed from site, who removed the sampler,
and why it was removed. Likewise, if a sampler is added
to a site, the type of sampler, its most accurate location,
and who added the sampler should all be recorded as well.
Worksheets or checklist do work great–granted they are
properly filled out. The authors find it beneficial that even if
a certain section in the worksheet did not apply, the section
should still be filled out with reasons as to why it did not
apply; otherwise, people who organize the data have to
guess if the section was skipped over or if did not apply.
Recording as much information as possible is being as
thorough as possible, and as scientists that is what we look
for.

When doing field work it can be easy to forget the
significance of these rules. However, it is important to
remember that every measurement taken will have a direct
effect on future analysis. When organizing a research study,
it is vital to first consider how many observations you will
need to accomplish your goals. When many individuals
are working on one project, be sure everyone is using the
same measurement practices. Perform quality control along
the way, but if you find issues with your data down the
line, consider the best course of action; to get something
meaningful out of your data, your goals may need to shift.
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