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ABSTRACT 

Satellite remote sensing offers several advantages in the monitoring of natural 
resources. Coverage is repetitive, available, and relatively cheap. It allows for broad, 
simultaneous coverage (on the order of 20-25% of the state at a time), thereby allowing 
synoptic surveys. The purpose of this project was to evaluate methods of using remote 
sensing in determining characteristics of lakes, estuaries and their watersheds that could 
either supplement, replace, or help direct more traditional, on the ground monitoring. 

Two approaches were pursued. The first was to directly observe water quality 
parameters, both qualitatively and quantitatively. Qualitative observation meant simply 
examining the satellite data itself. Quantitative methods required measurements to be made 
in the field at the time the satellite imagery was taking the images. The field measurements 
would then be statistically related to the digital imagery to obtain quantitative equations to 
relate reflectance in various spectral bands to water quality parameters. The second 
approach was to examine watershed land cover changes and infer water quantity and 
quality changes from those changes. 

Two intensive study sites were chosen, Lake Lashaway in central Massachusetts 
and Buttermilk Bay in southeastern Massachusetts. Field sampling was carried out at both 
locations. Two types of satellite imagery were obtained. Landsat Thematic Mapper (TM) 
imagery provided 7 spectral bands, 185x185 km coverage, and 30 m pixels (picture 
elements) for 6 bands with 120 m pixels for the thermal band. SPOT (a French satellite) 
imagery provided 3 spectral bands, 60x60 km coverage, and 20 m pixels. 

Qualitative observation of the imagery produced a number of unusual looking water 
bodies, i.e., water bodies that differed significantly in their appearance from their 
neighbors. Although, qualitative, this appears to be a reasonable way to spot grossly 
polluted water bodies, or other unusual circumstances. 

The quantitative approach to water quality assessment was not very successful in 
this project. Although an appropriate number of samples was taken, the range of the data 
for the samples was too small to adequately characterize regression equations. However, 
by combining fresh and saltwater measurements for chlorophyll, suspended solids and 
turbidity, quantitative maps of these parameters were produced. A temperature map was 
produced using regressions from another study, and produced reasonable temperature 
maps of the study sites. 

In classifying land use, TM proved more effective than SPOT, especially at 
differentiating between wetlands and water on the one hand and wetlands and 
urban/residential areas on the other. The uplands changed remarkably little on either 
watershed between 1971 and 1987. However, there was a 50% increase in 
urban/residential classes on both watersheds, at the expense of wetlands and, on the Lake 
Lashaway watershed, agriculture as well. These land cover changes produced no 
significant change in the hydrologic character of the watersheds (as predicted by a simple 
hydrology model BROOK6), but they did produce changes in the estimated sediment and 
phosphorus loadings for the Buttermilk Bay and a small change in phosphorus loading for 
Lake Lashaway. 

Remote sensing can be a reasonable, cost effective tool for assessing water quality 
in both fresh and saltwater. It can quickly provide qualitative information on lake and 
estuarine water quality which may be useful in supplementing and guiding an ongoing 
monitoring effort. It can provide good quantitative estimates of several water quality 
parameters if care is taken in sampling from bodies of water with a wide range of water 
quality. 
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CONCLUSIONS AND RECOMMENDATIONS 

The objective of this project was to evaluate the utility of satellite data for examining 
water quality directly, and for examining land use changes that would have a predictable 
effect on water quality. These concluding remarks will be divided into those applicable to 
the direct approach (observing, qualitatively or quantitatively, water quality parameters), 
those applicable to the indirect approach ( observing land cover changes and inferring water 
quality changes), and general conclusions. 

A. Direct Approach 

Direct observation of water quality parameters by examining single bands and color 
composites of several bands, may provide sufficient information for some monitoring 
purposes. For example, in order to help direct an ongoing ground survey of ponds and 
lakes, it may not be necessary to quantify water quality, but only to qualitatively class lakes 
and ponds by their similarity of appearance on the images. Water bodies that are 
conspicuously different from their neighbors may move up in the sampling priority. An 
advantage of this qualitative analysis is that it can be done quickly (a week to a month), 
whereas the quantitative analysis of large areas takes much longer. 

A quantitative sampling program requires field sampling at the time of the overpass 
to collect enough data to produce good regression equations. In this study, enough 
samples were collected, but the range of the variable of interest (e.g., chlorophyll) in those 
samples was too small to produce good regression equations. The range of these water 
quality variables within Lake Lashaway and Buttennilk Bay were too small to adequately 
calibrate the satellite to make good predictions of water quality. Combining data from 
Buttennilk Bay and Lake Lashaway was the only way to get decent regression equations, 
and therefore, the SPOT data could not be used for direct quantitative analysis. 

Therefore, if quantitative results are desired, field sampling must be arranged 
differently from what was done for this study. Sampling stations must be chosen so that a 
number of lakes or estuaries of differing properties are sampled, instead of a number of 
samples taken at only one or two sites. There simply is not enough variation in most 
properties of interest in a small lake or estuary to be able to produce valid regressions. A 
temperature and chlorophyll sample from Wachusett Reservoir, or from Cape Cod Canal, 
in addition to the samples taken, would have improved both regressions greatly. For some 
properties, it may be perfectly acceptable to combine data from freshwater and saltwater 
stations (e.g., temperature). For other properties (e.g., chlorophyll), although there are 
some theoretical objections (Platt and Sathyendranath 1988), empirically, it again may be 
acceptable to combine data. 

For such a field exercise, communication between the satellite data vendor (EOSA T 
or SPOT), the purchasing agent and the field crew is essential to ascertain 1) when field 
crews should sample and the time of the overpass, 2) whether or not weather conditions are 
suitable for both field crews and satellite, and 3) exactly which satellite data to purchase. 
This is much more important for the pointable SPOT satellite, which only operates on 
demand, than it is for Landsat, which always takes an image over the U.S. if the cloud 
cover is low enough. To improve coordination of these aspects of satellite data acquisition, 
two computer programs would assist greatly. The first is called SATCOV, and it provides 
estimated coverage times and dates for both Landsat and SPOT satellites (EOSA T 1988). 
The second is a commercially available weather data program that allows maps of cloud 
cover to be received from the U.S. Weather Bureau over phone lines, at any time. The 
maps are not high resolution, but they would help immensely in making a timely decision 
to cancel or proceed with a field trip. 

Because of the large number of bands, TM data is in many ways superior to SPOT 
data for both qualitative and quantitative water quality assessment. However, if 
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quantitative assessment of small water bodies is desired, SPOT data is essential (see 
below). 

B. Indirect Approach 

Satellite remote sensing is quite adequate for determining changes over time of 
hydrologically important cover classes. The ability to overlay remote sensing imagery with 
GIS maps is crucial in both accurately classifying land cover, and in making use of that 
cover data for hydrologic modeling. This overlay was attempted unsuccessfully in this 
project, but has become easier as the GIS vendors improve their interfaces with image 
processing systems, and the satellite data vendors (e.g., EOSA T) code their data for easy 
entry into a GIS. 

Of the three classification methods employed, unsupervised classification of 5 of 
the 7 1M bands was superior to either principal component classification using all 7 TM 
bands, or classification of SPOT data. Separating wetlands from water on the one hand, 
and urban areas on the other is crucial for hydrologic modeling. 1M has the spectral range 
to do a better job in this regard than SPOT. The thennal band was not a large factor in 
separating classes, although it was important. Thermal signatures would become more 
important in more densely populated areas. 

The simple hydrology model used (BROOK6) was not sensitive enough to 
distinguish between the 1971 landscape and the 1987 landscape. In fact there may not be 
much difference in the hydrographs between now and then. However, Novotny and 
Chesters' (1981) approach to estimating pollutant loadings (e.g., sediment, P) did 
demonstrate a potential effect of the land cover changes on the two watersheds in the last 16 
years. Their approach can be a good way to evaluate the effect of watershed land cover 
changes on water quality, and to explore management alternatives for improving the 
situation. Two main problems with the approach are 1) soils and topography layers in the 
GIS are required for improving the accuracy of the loading estimates, and for distributing 
loadings over the landscape, and 2) the contribution of septic systems, and groundwater in 
general, to pollution loadings needs to be addressed. 

C. General 

Problems inherent in ponds and lakes inventories are different from problems in 
examining estuaries and near coastal waters. In terms of the total amount of infonnation 
(number of bits of data) that satellite remote sensing can provide to an investigator, there is 
much more direct information in a satellite image about estuaries and coastal waters than 
about ponds and lakes, in terms of number of bits, simply because the coastal waters cover 
a larger area. It is also true that coastal waters are inherently more variable than ponds and 
lakes, and the information provided by satellite becomes even more valuable. 

Finally, in planning a monitoring program involving satellite imagery, it is 
important to keep in mind the various spatial scales of the phenomena being considered, 
and relate those to the spatial scale of the satellite data available (Table 1 ). The instruments 
listed represent most of the range of data available. The uses of the data range from 
identification (ID) of a body of water, to quantification (Q) of one or more variables for the 
entire water body, to distinguishing patterns (P) within a water body for some variable of 
interest. Small farm ponds of less than 400 m2 are generally below detection limits, 
although this depends upon the background signatures. At the other extreme, the patterns 
of the Gulf stream show up well on a Coastal Zone Color Scanner image covering the east 
coast of North America from Nova Scotia to Cape Hatteras, whereas Landsat and SPOT 
could not provide coverage of phenomena that large. In between these extremes, one must 
compromise between the highest possible resolution and the lowest possible cost. 
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Table 1. Relation Between Pixel Size and Potential Uses of Satellite Imagery for 
Water Bodies of Different Sizes. 

SIZE OF WATER BODY SPOT TM 

~ 120ml (30ml 
<0.04 NA3 NA 
0.04 - 0.2 ID NA 
0.2 - 0.5 ID,Q ID 
0.5 - 1.0 Q ID,Q 
1.0 - 2.5 Q Q 
2.5 - 10 Q,P Q 
10 - 100 p Q,P 
100 - 1000 p p 
1000 - 10,000 p p 
10,000 - 100,000 p p 

I Multispectral Scanner on Landsat series. 
2coastal Zone Color Scanner. 
3Data use codes: 

MSS 1 TM (THERMAL) 

1somi p20 ml 
NA NA 
NA NA 
NA NA 
ID NA 

ID,Q ID 
Q ID,Q 
Q Q 

Q,P Q,P 
p p 
p p 

NA - Data has No Applicability to this size of water body. 

czcs2 

11000ml 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
ID 
Q 

Q,P 

ID - Data can be used to locate or Identify the presence of a water body of this 
size. 

Q - Data can be used to Quantify some variable (e.g., chlorophyll, temperature) 
for the entire water body. 

P - Data can be used to find Patterns (water masses with different characteristics) 
within the water body. 
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