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SOME OFERATIONAL USES OF SATELLITE
RETRANSMISSION IN CANADA
R A, Halliday and I, A, Retd

Water Resources Branch
Envirorment Canada
Ottawa, Ontario

ABSTRACT .

It is now possible through use of the data collection
pystems carried by satellites such as Landsat and ACES to
obtain near real time water resources data from any location
in Canada., These data have been used for flow and flood
forecasting and to assir: in the conduct of hydrometric sure
veys, Present program: will be continued and, 1likely, ex-
panded, depending on the avallabllity of suitable satellite
systems,
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1, INTRCDUCTION

Shortly after ERTS 1 (now Landsat 1) was launched in 1972, the Water Resources Branch of
Envirorment Canada began using the data collection sys.em carried by the satellite to retranmit
water resources data from remote Water Survey of Canada pauging stations to data users in various
parts of the country. Nine sites were originally instrumented for satellite data collection, and
on the basls of good success, additional equipment was purchased for installation at 19 additional
sites in 1975, The sites are shown in Plgure 1,

This paper discusses the satellite retransmission systems that are now available and glves
examples of operational uses of these systems in Canada, Plans for the near future are also dis-
cussed,

2., OSATELLITE RETRANSMISSION SYSTEMS

f
Satellite retransmission systems consist of a Data Collectlon Platform (DCP) which trantmits
sensor data from a field site to a satellite, a transponder carried by a spacecraft, a receiving
antenna and a ground data handling facility. The tranamissions from a DCP may be controlled by an
intermal clock or by interrogation command from a spacecraft. Some of the spacecraft that have
data collection systems are discussed below,

2,1, LANDSAT

The polar orbiting Landsat spacecraft carry a data collection system in addition to imaging
systems. This data collection system iz designed to relay 64 bits of data from a DCP to a re-
celving antenna whenever the satellite 1s in mutual view of a receiving station and a transmitting
DCP, Canadian data are retransmitted during three to elght orbits each day depending on location,
(Only Landsat 2 is used for sensor data retransmission). Data can be retransmitted during the
southbound passes each morning and northboind passes 'n the evening, t

Canadian data are received by Natlonal Aercnaut cs and Space Administration (NASA) ante:nas
at Goldstone, California or Greenbelt, Maryland then formated and tranamnitted by NASA land 1im s
to a ground data handling centre at Greenbelt, Maryland, The data are sorted and sent to users by
mail in computer printout and punch card format., In addition the data are sent by a dedicated
telephone 1line to the Canada Centre for Remc“e Sensing (CCRS) at Ottawa after each orbit with a
delay of less than an hour,
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These data are periodically (normally once dally) entered into the CCRS time sharing computer
aystem, A software data retrieval system sorts the wer platformo, reformats the data into engine-
ering units and stores individual user files on disk., Canadlan users may then accens a data file
uting either a 110 or 300 baud Teletype or Telex remote terminal,

An the data tranimitted over land lines are sometimes degraded, the data received in punch card
form are tranclated into engineering units by computer and the results used to make comparisons
with date recorded at the pauging station, Programs have also been written to penerate some
statistice on data recelved,

The Landsat DCPs consist of a small electronic unit (about 0,01 m3 volume, 5 kg mass) and an
antenna, ‘The electronie units can function In severe temperatures and high humidities, Data in-
puts conalst of eipght, 8 bit words in analogue, serial digital or parallel digital form, Laiver
r;:dela of DCPs are convertible to use with the GOES system and have data memories up to 720 hits

length,

2.2, OEOSTATIONAI™! OPERATIONAL ENVIRONMENTAL SATELLITE (GOES)

Unlike Landcat which 1s experimental, the GOES spacecraft was developed ar an operational system
and 1 the USA's contribution to a worldwide svstem of similar satellites, The OOES spacecraft
perform several tasks Including censor data retransmisslon, The spacecraft has the abllity to
handle data from both self timed and interropatable DCPs, 'The mecoame length of a GOES DCP ia not
restricted to 6l bita = mesoames up to 2000 bita in length can be trancmitted,

The GOES cystem will conslst of peostationary satellites at 75 and 1357 West longitude and an
ineorbit spare mid=way between the two operating satellites, SMS 1 and SMS 2 (the NASA prototypes
of the GOES spacecraft) were launched on May 17, 1974 and February 6, 1975 and are in operation at
75° and 115°, GOES A will be launched In October of 1975 and OOES B about one year later, Similar
satellites will be cperated by the European Space Agency, the Soviet Union and Japan at 0°, 70°E
and 140°E respectively by 1978 thus providing global coverage,

.2 operator of the OOES aystem 1s the National Environmental Satellite Service (NESS), National
Oceanice and Atmospherie Administration (NOAA), United Staten Department of Commerce, All data
from the satellites are recelved at Wallops Flipht Center, Virginia, Some processing iz carried
out then the data are sent by landline to Sultland, Maryland for dissemination to users, Canadian
data are sent to the Atmospheric Environment Service of Envirorment Canada at Toronto, Ontario on
a 2400 baud dedicated US National Weather Service clreult, From Toronto the data can be distri-
buted by Telex to users, Printouts of retranomitted data are alco mailed by NESS to the data users

2.3, OTHER SATELLITES

Tiros N, which is ccheduled for launch in 1978, will carry a data collectlon and localization
gystem designed by the French Centre Natlonal d'Etudes Spatlales. ‘This polar orbiting satellite
1g, 11ke SMS 1 and SME 2, a NASA prototype of a future operational system, The Tiros N system will
handle up to 6000 platforms and, in addition to retrancmitting senior data, will determine the
location of the DCP by computing the Doppler shift of the Incoming message. This feature makes
the system attractive for use In tracking drifting buoys, meteorologleal balloons, or ice floes,

The Canadlan Jepartment of Communications 1s now in the project definition phase of a study for
a peostationary, low capacity, UHF comunications satellite that would have a sensor data retrans.
misagion eapabllity. The main purpogse of the satellite would be to provide communicatlons services
(volce, data, facaimlile) in support of fleld operations in ncrthemn Canada, Tt's possible that
the first satellite In such a system would be launched in 1979.

3. OFERATIONAL USES OF SATELLITE RETRANSMISSION

In Canadn, the data retranomitted by Landsat have been used by many spencles in preparation of
flow forecasts, flood forecasts and In conductling hydrometric operatlons.

3.1. MACKENZIE RIVER FLOW FORECAST

The Mackenzle River (Flpure 2) flows north, dralninge a 1.8 x 106 1 portion of western Canada -
an area as large as that of Great Britaln, Prance, Germany, Spain, Portupal and Italy combined,
The 1600 tmn ceach from Great Slave Lake to the mouth of the rlver 1z navipable during the short
{ce=free ;eriod in the summer, Durlng this time about 400 000 tonnes of ecarpo are shipped by
barge from Hay River to resupply 18 cmall communitles alonyr the waterway and to support oll and
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The navigation channel 1o so shallow that, under low water conditions, barge loadings must be
reduced to 75% of capacity., Because of this, the Water Survey of
tions of Mackenzie River flows and produces a water level bulletin that i
marine radio, The barge operators can “hen adjust luadings sc that as much cargo as possible may
be carried without danger of running aground,

Until recent years, preparation of an accurate forecast was difficult as water level data were
available only from a few locations on the main stem of the river, This information was obtained
by local observers and relayed to Calgary, in some cases us "g uncertain radio telephone links, In
addition very little information concermning tributary inflow vas available on a daily basis, Tri-
butary inflow accounts for at least 40% of the flow in the Ma.‘enzie and this inflow can vary
widely because of storms that move south from the arctic coast along the Mackenzie mountains to the
west of the river., Preparation of the forecast is essentially a flow routing procedure and is
described in Holinshead, 1974 and in Davies, 1975..

In 1972, two Landsat DCPs were installed on the main stream of the Mackenzie at critical points
thus ensuring that several dolly readings of water level would be available for the forecast, Also
in 1372, the Regina office, Water Survey of Canada, installed a DCP on Lake Athabasca, Data from
this slte are not used in the Mackenzie forecast but are used by navigational and environmental
intereats on Lake Athabasca, The principle purpose of the data is to monitor water levels in the
Peace-Athabasca Delta, Fluctuations in water level affect migratory birds, fish, and wildlife in
the Delta thus affecting the lives of the native people in the area. Water levels are now partidly
controlled by welr on the Rividre des Rochers - one of the principle water courses in the Delta,

During 1975, four more DCPs were installed on major tributaries of the Mackenzie so that
tributary inflow could be determined more accurately on the basis of real time data, Table I lists
the present location of all the DCPs in the Mackenzie River basin, 'The sites are plotted in

Flgure 2.
TABLE 1. DATA COLLECTION PLATFORMS IN MACKENZIE RIVER BASIN
Gauging Station Latitude Longlitude

Lake Athabasca at Crackingstone Point 59° 23, 108° gg:
Mackenzie River rear Wrigley 63° 16, 123° 2
Mackenzie River at Sans Sault Rapids 65° 46, 128° 45,
Mountain River below Cambrian Creek 657 14, 128° 3,
Root River near the Mouth 62° 29, 123° 26,
Liard River at Fort Liard 60° 15 123° 29,
South Nahanni River above Virginia Falls  61° 38 1250 48

No rigorous benefit-cost study of the value of the forecast service has been conducted., How=
ever the $31 000 capital cost of DCP: and assoclated equipment plus the $50 000 annual operating
cost of the forecast network seems minor in comparison to the multi-million dollar investment in
transportation equipment and the value of the cargo shipped each year, The annual cost of channel
dredging alone 1s in the order of $1. 000 000 a year.

3.2. SAINT JOHN AND FRASER RIVER FLOOD FORECAST

The 3aint John River is an intemational river forming part of the boundary between llew
Brunswick in Canada 24 Maine in the United States, The 55 000 basin is subject to heavy show-
falls during the wincer. Therefore, every spring the lower Saint John Valley could be subject to
flooding if stow melt 15 rapid and If there is precipitation during the melt period.

Three DCPs are installed in the basin - two on the St. John River in Maine are operated by the
United States Army Corps of Englneers and one on the St. Francls River (Site 27, Figure 1) in New
Brunswick by the Halifax office of the Water Survey of Canada, The stage-discharge relation for
the St, Francis River site is not subject to backwater effects from ice therefore the retransmitted
water level data can be used to compute accurate discharges., These figures are then used as an
index of tributary inflow in a SSARR (Streamflow Synthesis and Reservoir Regulation) forecasting
model for the lower Saint John River.

The St, Francls River data are also used by the United States Geologleal Survey, Water
Resources Division to assist Inflow computations for the Intermational Gauglng Statlon on the
St. John River at Fort Kent, Maine, a typical station in their reportine netvork and by the United
States Army Corps of Engineers for their water manapement sctivities in the upper St, John basin
in the state of Maine,
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The Praser River drains 215 000 kv’ in British Columbla, flowing into the Pacific Ocean at
Vancouver, Canada's third larpect ecity, Like the 5t, John basin, the snow accumulation in the
Praser waterched is sufficlent to cause gﬁﬂw flooding 1ff unfavorable climatie conditions prevalil
during the melt pericd, One flood, in 1948, caused $300 000 (00 damape,

Two DCPe are operated on tributaries of the Praser by the Vancouver office of the Water Survey
of Canada to provide an index of tributary Inflow into the river, One ICP is In the headwaters on
the McGrego.: River (Site 2, Flgure 1) while the other is in the lower canyon area on the Nahatlatch
River (Site 1, Flgure 1), Precipitation and alr temperature data are transmitted from the
Nahatlatch site as well as water level data. Access to both of these sites is difficult and costly,
therefore, prior to installation of the DCFa, it was not posaible to make a pood estimate of the
tributary inflow to the Fraser,

3.3, HYDROMETRIC OPERATIONS

In addition to the water management usez of satellite retranomitted data, there are ways in
which the data may be used by operators of hydrometric data gathering ne‘works, Incoming data can
be examined to ensure that water level and other usensors are operating 'ormally, Also diagnostic
data such as battery voltages or recorder status can be transmitted, ' malfunctions are noted,
repalr parm.s can be carried in on the next visit to the site,

T™e data can also be used in trip planning; visits to a site may be post-oned if the instrue
mentation 15 operacing normally and the water level 1s such that no discharyge measurement is
necessary, Altematively, speclal trips can be scheduled ir river conditions warrant it, The
multhor data retransmiassion, then, 1s elther decreased operating costs or better quality data,
or both,

Pnother promising application to hydrometric data collection is that of using a NCP equipped
with a memory to store then transmit water level data thus eliminating the need for on-site re-
coralng of data, Memories having a 720 blt capacity have been used to produce dally water level
record based on 96 observations a day,

4, PLANS FOR THE NEAR WUTURE

The Water Survey of Canada DCrs will continue to be used with Landsat 2 to provide real time
data for operational purposes, It's llkely that, as more experience is gained with the (GOES system
some ~f the Landsat sites will be converted to GOES operation, This will apply particularly to
those sites used for flood forecasting as 1t's possible to obtain data more frequently using GOES,

The Canada Centre for Remote Sensing has completed a study of the reception of Landsat and
OOES data collectlon system data at the Prince Albert Satellite Station, Implementation of the
system 1s particularly attractive for the Landrat data as this would enable data to be received on
more orbits of the satellite as Prince Albert 1s much clozer to the transmitting DCPs,

One Cinadian manufacturer 15 now making a small number of GOES DCPz under contract to Environ-
ment Canade, No large purchases of additional DCPs are plamned at present, however, quantity
purchases will be made after the decislions with respect to the Canadian UHF system are known,

5. CONCLUSIONS

Satellites that carry data collectlon systeme such as Landsat and GOES have been used to relay
water resources data from remote areac in Canada with pood success, The data have heen used for
flow forecasting, flood forecasting and for hydrometric operations, The systems have proved to be
rellable and cost effective,

Future activities Include contlnuation of existing programs with possible direct reception of

data in Canada and more input from Canadian manufacturers. Expansion of r.:tworks in Canada likely
will not take place until decizlons are made with respect to satellite:,
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FIGURE 2
DATA COLLECTION PLATFORMS IN THE MACKENZIE RIVER BASIN
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