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Observational date is integral in our understanding of present climate, its natural variability and
any change due to anthropogenic effects. This study incorporates a brief overview of sampling
requirements using data from the First ISLSCP Field Experiment (FIFE) in 1987, which was a multi-
disciplinarz' field experiment over a 15km grid in Konza Prairie, USA. Sampling strategies were
designed for precipitation and soil moisture measurements and also detecting land cover type. It
was concludes that up to 8 raingages would be needed for valuable precipitation measurements
covering the whole FIFE catchment, but only one soil moisture station. Results show that as new
gages or station are added to the catchment then the sampling error is reduced, but the
improvement in error performance is less as the number of gages or stations increases. Sampling
from remotely sensed instruments shows different results. 1t can be seen that the sampling error
at larger resolution sizes are small due to competing error contribution from both commission and
omission error.

Key words : Sampling, sampling emor, precipitation, soil moisture, land cover

1. Introduction 5. conducting process studies

Climates studies hope not only to simulate pre-
sent climate, but to understand the natural variabi-
lity and to detect changes due to anthropogenic ef-
fects. Understanding the controlling factors and
feedbacks is an important part of this process and
particularly when predicting and assessing the im-
pact of regional and global change (at least as far
as the 21st Century). An integral part of this are
observations required for:

data assimilation procedures to model
providing model boundary conditions
initializing model studies

=W

model verification
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It is important that observations are readily avai-
lable and objectively from both remotely-sensed
and in situ data. In practice the available data are
a combination of these two, often brought together
the use of a physically-based conceptual model.

The purpose of this study is to consider a range
of sampling techniques for use with either in situ
or remotely-sensed data. Techniques to combine
these two types of observational data are beyond
the scope of this study. All observations contain an
error of some magnitude and one hopes that by
choosing the most appropriate sampling technique
for any application, then this error can be minimi-
zed. Precipitation, land use, and soil moisture
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have been chosen for this study, with a view to
examining the sensitivity to the sampling techni-
ques discussed above.

2. First ISLSCP Field Experiment (FIFE)

This was a land-surface-atmosphere experiment
based on a 15kmX15km ares of predominantly
grassland on the Konza Prairie, near Manhattan,
Kansas. There was extended monitoring of satellite,
meteorological, biophysical and hydrological data
during periods in 1987 and 1989. The sampling
stations were distributed over the catchment. Sel-
lers et al. (1992) gives an overview of the experi-
ment,

3. Sampling Study of Precipitation Data

In this analysis 21 raingages within the FIFE ca-
tchment were used. These collected data at 30 mi-
nute intervals, at locations shown in Figure 1. Two
types of sampling analysis were performed: spatial
and temporal A short rainfall event from 20 June
1987, Julian day 171, was selected for the spatial
sampling analysis. This was only 3 hours long so
limited unnecessary calculations. The following as-
sumptions need to be made so that the spatial sa-
mpling errors from the raingages can be estimated:

1. the averaged rainfall information over the gi-
ven area represents the ‘true’ rainfall

2. the area considered is small enough to disre-
gard the effect of storm movement in time

3. the observation timing error among gages is
negligible.

The Root Mean Square error (RMS error, E)
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15 km
X

15 km
@ Rain gauge records from 20 June 1987
@ Rain gauge used for temporal sampling

X Soil moisture sampling records from
25 June and 20 July 1987

Fig. 1. Location of rain gauge and soil mois-
ture sampling stations over the FIFE
catchment, used in this study.

between the observed rainfall value at one point
within a region and the ‘true’ rainfall for that re-
gion is calculated at each time of observation (that
is every 30 minutes) using the following expres-
sion:

E=Z v/ (0OBS—TRUE)?

where OBS is the observed value and TRUE is
the ‘true’ value of rainfall. The catchment can
therefor be divided into n regions and the RMS
error for n gages calculated, leading to an estimate
of the least number of gages required to observe
the rainfall event to the required accuracy. Figure
2a relates the total rainfall recorded at each gage
to the sampling error. This shows that approxima-
tely 4 gages are necessary to observe the precipita-
tion to within 10% of the mean. Figure 2b shows
rainfall sampling a each time within the storm
event integrated over the duration of the storm.
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Fig. 2a. Sampling error as a function of the
numger gauges, for total rainfall over
the event (without including temporal

variability).
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Fig. 2b. Samgling error as a function of the
number gauges, for rainfall at 30-mi-
nute intervals intergated over the du-
ration of the event.

This accounts for the temporal variability within
the event not considered in Figure 2a. in this case
sampling errors are greater and 6 to 8 gages are
required to achieve a 10% error.

The temporal sampling analysis examined a
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Fig. 3. The increase in error as a function of
both sampling interval and time of sa-
mpling within that interval (shown by
the vertical variability at each sampling
interval)

time series of data from midnight on 24 June (day
175) to midnight on 9 July (day 190), for one
gauge selected at random from those available. The
sampling errors introduced due to the intermittent
sampling of the rainfall were estimated using a si-
milar technique. It was assumed that methodologi-
cal condition recorded at each time (that is wet or
dry) continues until the next sampling time. The
data shows highly varying rainfall intensities, that
introduces significant errors into the estimation.
The sampling intervals were increased and the er-
rors examined as shown in Figure 3. It can be seen
that, as expected, the sampling error increases as
the sampling interval increases. Figure 3 further
shows the variability of error due to the start time
of the integration within the sampling interval, de-
monstrated by the spread of points at each samp-
ling interval. Figure 4 shows the variability of re-
sults from selecting different start times to the
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Fig. 4. An example of variation in error given
different start times over a 12-hour sa-
mpling interval.

sampling interval during a 12 hour period. One la-
rge duration precipitation event during the obser-
ving period could affect sampling error significan-
tly, especially when the observing period is relati-
vely short such as in this case. If a longer data set
had been used with a finer temporal resolution,
more reliable results would have been obtained.

4. Sampling Study of Soil Moisture

Data

Soil moisture measurement are required to imp-
rove estimations made using process scale studies.
They are also used for model validation. The mea-
surement accuracy required depends on the model
type, and purpose. In this study, a representative
soil moisture value has been calculated for the
FIFE catchment.

The hypothesis for this part of the study is that
soil moisture varies over the area of the catchment,
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but can be represented by some point measureme-
nts, using the assumption that the area can be con-
sidered homogeneous. The average soil moisure
calculated using all of the stations over the catch-
ment was assumed to be the ‘true’ soil moisture
value.

In situ gravimetric soil samples were taken over
the first 10 cm of the soil profile at 15 stations ac-
ross the FIFE catchment. As can be seen (Figure
1) these sampling stations were not evenly distri-
buted over the experimental area. An airborne ra-
diometer detecting the top 5cm soil water content,
the PushBroom Microwave Radiometer (Wang et
al, 1992), PBMR, was flown over parts of the cat-
chment at periods throughout the experiment.

Data was selected for two days: the 25 June 19
87, Julian 176, collected barely hours after a heavy
rainfall event of 26 mm. The PBMR data was also
flown on that day. The 20 July, day 201, was the
second day selected, which was 15 days after a rai-
nfall event, when the soil was much drier.

A preliminary study was undertaken within the
data: all of the samples at each station were avera-
ged and the mean values compared to that of the
whole catchment (Figure 5a and 5b). It can be
seen that the individual mean values at each sta-
tion vary considerably about the catchment mean.
Therefore the soil moisture field can be seen to
have a natural variability.

The number of sampling stations was then redu-
ced and the mean values of the remaining sites ca-
lculated. This was repeated several times and the
results shown in Figure 6a and 6b.

It can be seen that the errors introduced by re-
ducing the number of stations are small, and thus
it can be concluded that a few sites can give a rep-
resentative soil moisture value. While the % error
is small however many stations are selected the
error variability is reduced by having more sta-
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5a. Mean and standard deviation of soil moisture for each sample station on day 176.
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Fig. 5b. Mean and standard deviation of soil moisture for each sample station on day 201.

tions in the sample. To examine further the num-
ber of stations required, a study of sampling stra-
tegy was carried out. The mean value of an area
of the catchment was compared to the value of a
central point within the area. The catchment was
then divided into segments of equal areas, and the
error between the mean value for each segment
and the representative point was considered for di-
fferent number or segments. It was found that the
errors did not decrease noticeably, as the segment
size decreased. There it can be concluded that, in
the case of soil moisture needs only to be measu-

red in one or two places over the catchment. It
must noted that there are extreme cases, where
the soil moisture appears anomalous, but these ca-
ses can be reduced by taking a large number of
samples at each station.

These analyses have been performed on the as-
sumption that the area is homogeneous: in reality
there are effects from the 5 different types of soil;
different vegetation cover and topography. These
variables all affect soil moisture, resulting in varia-
bility over the whole catchment. This can also be
seen from the PBMR image shown in Figure 7.
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Fig. 6a. The % error between the catchment mean and the mean obtained from an increasing
amount of stations, for day 176.
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Fig. 6b. The % error between the catchment mean and the mean obtained from an increasing
amount of stations, for day 201.

The analysis on the other hand show that when the racy of the soil moisture measurements depends on
area is sampled by several different methods the the needs of the user, but 10% error is taken to
mean soil moisture agrees with the ‘true’ value to be acceptable case. This result holds for both day
withir.  standard deviation or 10%, and can be co- 176, when the soil is wet, and day 201 when it is

nsidered as a random variable. The required accu- drier.

108



Sampling Study on Environmental Observations: Precipitation, Soil Moisture and Land Cover Information

200

500

600

700 —

800 —

900

T T T l T T T T T
o 100 200 300 400 500 600

Column

15 20 25 30 35 40

Fig. 7. PBMR measurements of % soil mois-
ture over the FIFE catchment, on day
176.

5. Sampling Study of Land Cover Info-
ramation

The FIFE catchment was largely grassland, but
with about 5% trees in the bottom of the river val-
leys. The wooded area is organized in narrow lines
along these valleys. In order to observe the correct
proportion of trees it is necessary to be able to re-
solve these narrow features. This study examines
the minimum resolution required in order to esti-
mate the proportion of trees currently, using SPOT
30 m data for the catchment. These data (Strebel et
al,, 1992a, b, ¢) at full resolution gives a close esti-
mate of the proportion of trees. One band of the
data (band 2) was used for simplicity, and a reflec-
tion band was selected, with two thresholds, to es-
timate the proportion of trees. Bi-directional reflec-
tance distribution functions and shading effects on
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the hill slopes meant that grass could be either
brighter, or darker than the area classified as trees,
and so for future studies it would be more effec-
tive to use the full multi-spectral information.

From first principles, a feature has to be resol-
ved by sampling at least twice its scale length to
be estimated without aliasing errors, otherwise it is
subject to commission error. At larger scales, not
identifying areas of woodland which emit result in
omission errors, Both types of error are evident
when sampling at the range of pixel resolutions.

The original 30 m data were degraded by avera-
ging into larger pixels, and the mean reflectance
calculated for those larger pixels. The data were
then threshold for each of these larger with the
same threshold values for reflectance to estimate
the proportion of woodland pixels. The original
image 1s shown in Figure 8a and the degraded
image in Figure 8b (at a pixel size of 120 m) and
8c (at a pixel size of 480m). All adjacency and
non-linear effects were assumed negligible for this
problem. A more complete study would have had
to take into account instrumental effects along with
other effects on the surface radiance, such as the
atmospheric correction. These results therefore
only illustrate the principle observations that may
be expected from a larger study.

As already mentioned sampling from remote ins-
truments suffer errors due to both commissioning:
the effect of aliasing due to insufficient sample le-
ngth and omission: the sampling interval is too la-
rge to resolve the features. It was assumed that
the % of trees resolved at 30 m resolution is the
true woodland cover: of the order of 5%. Figure
9 shows that larger commission errors, even for
the 60 m pixel sizes. This analysis probably over
estimates these errors, but they are not negligible.
It may be seen from the data that much of the
woodland is in very narrow strips, and a doubling
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Figure 8: SPOT images of the FIFE catchment's
variable land use, for resolutions of
(a) 30 m, (b) 120 m and {(c) 480 m.
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Fig. 8. SPOT images of the FIFE catchment’s variable land use for resolutions of (a) 30m, (b)

120m, (c) 480m.

of the pixel size will indeed result in larger er-
rors.

At larger pixel sizes, greater than 300 m resolu-
tion, omission errors dominate. At just over 1km
pixel size, the two errors approximately balance.
Data from a satellite viewer such as AVHRR should
therefore give errors in the estimation of wood-

land areas on the FIFE catchment that are smaller
than viewers with half resolution, but still not as
good as those that resolve the woodland currently.

Data such as AVHRR has sampling errors as low
as instruments with half the resolution because in-
creasing errors due to omission and commission act

against each other. The spatial distribution of
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Fig. 9. The % tree cover over the FIFE catch-
ment as a function of sample pixel size.
The value of 5% at 30 meters resolu-
tion is assumed to be the catchment
cover.
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a land use type can also affect its ability to be sa-
mpled. Figure 10 shows as example of this: as the
length of the woodland area increases the classifi-
cation of ‘the continuity of the woodland features
‘becomes ‘harder. This demonstrate the difficulty in
sampling land use features, that are not evenly dis-
tributed in space.

6. Conclusion
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This study examined a number of sampling me-
thods from both in situ and remotely-sensed data.
In particular the study concentrated on sampling of
precipitation, soil moisture and woodland cover
over the FIFE catchment. The FIFE data was assu-
med to be the ‘truth’ and variations of the samp-
led data provide an estimate of deviations from this
‘truth’.

In the precipitation study it was noted increasing
gauges in the catchment improves the sampling of
rainfall. In this study around 4 gauges were requi-
red to reduce the error to 10%, by considering the
total rainfall over an event. If the temporal variabi-
lity of the rainfall was included the number of gau-
ges increased to between 6 to 8. It was also found
that the % error was affected by the sampling in-
terval and collection time within the interval. The
sampling of soil moisture over the study catchment
was found to be much simpler. Insensitivity in sa-
mpling error to measurement stations meant that
a small number are required to provide represen-
tative values for the catchment as a whole.
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. 10. The identification of woodland features across the FIFE catchment as a function of run
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In sampling woodland cover it was found that
degrading the sampling resolution did not necessa-
rily increase classification error. In fact errors due
to commission and omission of the woodland region
acted against each other to reduce classification er-
rors at larger resolution. This also appeared to be
a function of the feature’s continuity.

Although many of the results discussed here are
based on a small data set, the methods are applica-
ble to larger studies. The study aims to suggest
some important areas of sampling strategy, particu-
larly in relation to obtaining data for use with pro-
cess models and larger scale Global Climate Mo-
dels (GCMs).
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