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Abstract: Cnnently tlie University of Alaska Fairbanks Water and Environmental Research Center (WERC) 
maintains over fifly remote ~neteorological stations in Alaska, ten located on the Seward Pe~~insula, fiiteen on the 
North Slope of Alaska, two near Ivotuk and over twenty near Fairbanks, Alaska. Due to its latih~de and climate, 
Alaska poses difficult problems that tunst be solved to successfi~lly power and maintain a remote meteorological 
station network tlirougl~ont the year. Many of these sol~itiotis can be adapted 'o~n arctic to alpine environments. 
Over tlie past year WERC has deployed a variety of telemehy systems and has developed new configurations for 
these systems. The Seward Peninsula Radio Telemetry project utilizes Freewave 900 Mhz spread spectrum radios 
powered by 12 Volt battety and solar power systenls with the overall network encompassing over 5000 square 
miles. This network is connected to the Internet in Nome. A new radio feature was developed for this project that 
allows for expanded repeater capabilities, allowing tlie system to grow beyond pre-existing limits. The North Slope 
Radio Teletuetty project also utilizes Freewave rndios, but instead of a going with a t~aditional hard wired Ethernet 
connection the radio telelllehy network is coupled to n satellite based Internet sewice provider allowing for 
deployment of an internet connected radio nehvork virtt~ally anywhere in North America. The development of these 
networks required new software to co~itroi tlie networks and download data fro111 reniote dataloggers. III addition to 
developing innovative tele~net~y systems, WERC has developed a low power camera system that can be deployed at 
a remote weatlier station and transmit images hourly to tlie Internet. Pilots, the National Weather Service and most 
importantly local residents are using tliese meteorological stations to improve weather forecasts in order to nlake 
better travel decisions in remote areas. The first winter of operation has allowed 11s to learn more about the system 
instnllatiot~ and work tl~rough sor~le of the problems associated with operating remote radio sites in Alaska. Tlie 
cinrent cottditions for our Seward Peninsula meteorological stations may be viewed tlvough the Intenlet at 
I~://~"nv.uaf.edu/water!~ects/atIa~lnietdataIat1a~m~et~iteoia1,~1ihn 
A current image collected at a remote weather station can be viewed at 
I~~:l/www.i~af.edulwater/uroiects/c~~~~l~~~etdata~~neV~~~nent hhnl 
Near-real-time telemetrv of ~neteoroloeical data has imoroved our canabilitv to monitor weather nrocesses. bette~ - 
enabling us to respond to extreme events and allowing more efficient planning of field excursions. Snow scientists 
and avalanche practitioners could also utilize these telemetry solutions to acquire data in a more timely fashion. 
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1. Introduction 

Real time tl~eteorological data is a valuable 
resonrce for any group that makes critical decisions 
based upon ~neteorological events. In the avalancl~e 
industry real time data is a val~~able pait of a 
forecasting system, providulg reliable information 
abont meteorological conditions hi avalanche start 
zones. River warning forecast centers. the National 
Weather Service, airplane pilots and local residents 
also benefit by obtaining real time data fro111 remote 
meteorological stations. The University of Alaska 
(UAF) Water and Environmental Research Center 
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(WERC) has been upgrading remote meteorological 
stations with real time telemehy capabilities. These 
telemetry networks are sliown in Fignre 1. WERC's 
mission is to perform basic and applied research 
related to water and environmental resources, to train 
gradoate sh~dents at master's and PhD levels in this 
field, and to disseniinate pertinent research 
information to tlie public. These stations, provide a 
necessary researcl~ tool and a valuable public service. 

Alaska's size, remoteness and climate pose 
clialleoges to providing reliable telemetry to remote 
data logging sites. WERC has been developing new 
telemetry systems that push the litnits of existing 
teclmology and also bring together different 
teclu~ologies into hybrid telemetry systerns. This 
paper presents three teleinehy projects that WERC 
has been working on the past twelve months. 
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Figure 1: Map of Alaska showi~ig the Water and Enviromneatal Research Center Telemetry Networks. 

2. Remote Image Acquisition Etliemet device server. T h e  radio systciii coi~sists of 
Freewave 900 MIZ spread spectnuil radios that 

Irnages are a valuable piece of data that can be fruictioii as a transparent RS232 link. The end to elid 
collected from a site. ~ ~ ~ i ~ ~ l  11ses for ilnages reliable co~nniu~iicatio~i of Freewave radios cotnbiued 
are to: detennine the general weatlier conditio~is at n witli TCPKP filternet protocol allow for error free 
reliiote site, observe avalanclie start zones for cha~iges images to be collected hourly. A dedicated ColllPllter 
in suow deposition or avalaricl~e release, detenni~ie located in Fairbatiks c o ~ ~ h o l s  the system. Sofhvare was 
flying conditions at a partici~lar site and gather time developed that can both query and dowiload the 
series iriiages for scientific use. It is i~nporta~it to datalogger arid the11 also query and dowiload nn image 
distribute these images in timely fashion to potential duruig one connection to the site. This image is 
users. transferred as a binaryjpeg file. Due to their large size, 

WERC has developed a remote low power camera (70-500 Kbytes) it is preferable to transfer image files 
system that call be easily interfaced with existing directly to the system control c o ~ n p l ~ t e r  in Fairbanks 
dataloggers alid tele~iletry systems. The systetii uses ratlier tlian storing tlieni locally on the remote data 
approxiti~ntely 0.25 Whr of power to capture and logger. Table 1 shows the sequence of events with the 
traiisliiit all image back to a base station. Figure 2 typical duration of each step during an hourly dow~iload 
S ~ O W S  a schematic for a site at Caribou Poker Creek sequence. 
Researcli Watershed (CPCRW) that curre~itly uses this 
system. The unage sensor is based on Fujitso's 
SPARCLite microprocessor. The datalogger a~id 
caulera are connected by radio telemetry to a base 
station at UAF's Poker Flat Rocket Research Range. 
Tliis base station is co~niected to the Internet via an 

The di~ration of time needed to  dowtiload the image 
depelids on both Iiitemet traffic and strength of tlie 
radio comiection, with tile maximum transfer mte 
limited to 9600bps, the maximum comnlunication rate 
o f  the data logger. Orrce the inlnge and data ale 
downloaded, they are transferred t o n  public web page 

Figure 2: Schematic of the data path for a site at on the university's web server. Meteorological data 
Caribou Poker Creek Research Watershed that and liourly uiinges from CPCRW can be viewed at 

includes remote image acquisition. 
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3. Seward Peninsula Telemetry Network 

The Seward Penuisula is located on the west coast of 
Alaska. Tlie topography of tlie area includes broad 
uplands of convex hills and flat divides interspersed 
with several mountain ranges (800-1400 ni). WERC 
installed six tneteorological stations di~ring 1999 as part 
of tlie National Science Foundation Arctic Transitions 
in the Land Atmosphere System (ATLAS) project. 
Tluee stations are located approxiiiiately eighty miles 
n o ~ h  of Nome, near the Quartz Creek nlnway and tluee 
stations are located eighty miles east ofNome near 
Council. hi 2001 a radio tele~netty system was installed 
and connected to the Internet at University of Alaska's 
Nortl~west Campus in Nome. The radio systetn corisists 
of Freewwe 900 Mhz radios and is connected to the 
Internet with an RS232 to Ethernet device server. 

Repeater site selection was done osing cornpilter 
sofhvare to analyze a digital elevation model of tbe 
Seward Peninsula. Sites were selected wit11 respect to 
adeq~lare mtiio propogntioti pa~hs. 'llic tmns~i~it power 
for Fsec\\~avc radius is limited to I \Vat. 'l'l~eseforc llle 
radios reqnire line of sight propagation paths for long 
link distances. The longest distance from radio to radio 
UI this network is 65 h n  (Figure 3). Tlie entire network 
is sl~own in Figure 4. 
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Figure 3: Lidio path from repeater 1 to repeater 2 
calculated nsing GIS s o h a r e .  The radio pat11 is the 
straight line 'otn left to right, bracketed with curves 
representing tlie first two fresnal zones. The 
undulatiiig terrain is represented below the radio 
path. 

In order to reacl~ one of our sites, Freewave 
Tecl~t~ologies Itic. developed a new operating system 
that is capable of utilizing up to four repeaters when 
connecting to a remote radio. During the first winter of 
operation, reliable con~~nunicatious were intem~pted 
twice due to icing eve~its. Co~nmunicatiotl was lost for 
approximately hvo days during tlie first event and 
approximately eiglit days duriug the second event. 

Figure 4: The Seward Peninsala radio telemetry 
network showing the use of multiple repeaters. A 
new radio feature was developed to allow for more 
tlian two repeaters in a path. 

One significant difference between the Seward 
Peninsula network and tlie CPCRW network is that all 
communications, including tlie Inten~et co~u~ection to 
Nome are through a satellite. This introduces soine 
additional latency to tlie systetn, varying between 600 
and 1000 milliseconds. 

All of WERC's remote sites are battery powered. 
One of the constant challenges when designing any 
remote I2 volt remote power system in Alaska is 
supplying enough energy to operate the site through the 
winter montlis. Figure 5 shows a plot of solar 
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Figure 5: Average 30 year (1961-1990) solar 
insolation valnes for a flat plate collector for 
Non~e, Alaska and Great Falls, Montana. 

insolation for Nome, Alaska and Great Falls, Montana 
for coinparisoti. Mid winter solar insolation for @eat 
Falls is comparable to April and August solar i~isolation 
values for Nome. Duriu~g January the average solar 
insolation drops to 0.5 kWh/m2/day wit11 a miriimnm of 
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0.2 k ~ h / n i ~ / d a ~ .  During January, n 10-Watt solar 
panel will prodl~ce approximately 1.5 Watt hours of 
power each day. This inforniation represents thirty 
years of data and was obtained fro111 the National Solar 
Radiation Data Base (NSRDB, 1994), which is 
produced by the National Renewable Energy 
Laboratory's Analytic Shidies Division. These data 
illustrate the difficulties maintaining an adequate power 
supply for a remote system using photovoltaic cells. 
The United States Geological Su~vey reco~nn~ends the 
following to size a PV system for remote power: use a 
30 Watt solar panel and 100 Ah of batteries for each 2 
watts of average load (McChesney, 2000). These 
values are intended to be used in the contii~ental U.S. 
No pi~blislied values for Alaska were found. The 
measured energy consumption for a Freewave Radio 
was 0.75 watts at 25 "C when idle or 18 Watt-hours per 
day. Average euergy co~~sntnptioii is sliglltly higher 
thaii this. Using the USGS guidelines and neglecting 
icing conditions, a 11.25 Watt solar panel and 37.5 Ah 
of battery capacity would be recommended for our 
sites. A Inore conservative estimate for Alaskan 
conditions worlld be a 40 to GO wan solar panel for each 
2 watts of average load and enough batte~y reserve to 
power the sile for 120 days without any solar power 
input to the system. Additionally, on the Seward 
Peninsula sites should be able to operate up to six 

mo,,tlls w i tho~~ t  nuiy solar  gllill. 'I'llis is clue lo t l~c 
freqllellt nlld lleavy rilue ice oontlitions ill tllc wintcl: 
w~ l i c~ l  call ol.xc~lrc solilr p:ltlcls. liilcll tl;lt:lloygcr site 
on tile Se\var.d ~c11i11sul:l is l ~ l l ~ ~ ~ t l  by II con~bi~~nlion 
ofp~lotovoltnic cells ant1 ilh~ol'bctl ~ l n s s  111ot (AGM) 
lead acid batteries. 'rylyllicillly eilcll silc ilns ollc 55 Wnll 
solar a~lt l  320 Alllp I1011r~ ~ll'b:lt(c~)' reserve. 
AGM batteries were chnsc t~  h r  ihcir iibility to bc 
trausportetl by air  carriers as lion-~lozartiolls olntcrials. 
Powerh~g the rntlios Tor olll)' 2-10 lllilllll~s oilcll llollr 
also reduces tl~c eocrgy ctltlsllillpliarl of lhc rntlios 
durillg the winter. l'llis signi tic;lntly rctl~tcctl 1110 
average energy c o n s ~ ~ ~ n p l i o l l  oflbcsc relnolc sys lc~~~s .  

4. North Slope Rndio ill111 S~~tellitc Hybrid 
Telemetry syste~ll 

The W R C  has bccrl coll~ctillg hytlrology ilnd 
enviro~iruentnl climate tlnl:~ on ll~c N~)rlh Slopc oL' 
Alaska for a ln~os t  lwenly yt';lls. 'I'lrc strltly sites ilrc in 
close proxin~ity Lo thc  Ui11lo11 I ligllwny a ~ ~ t l  go froln lllc 
footl~ills OF  the Brooks  I l i~ngc  lo ll~c L~cu~orl Scs, 
approximalely 200 nlilcs to lhe norlll, 'Illis rclnolo nrcn 
is not well conneclcc1 to osislinp co~nnn~r~icolions 
inii-astructure. Therc  is 1nlcrrvA itcccss inttl cclluk~r 
phone covcragc it1 tho Prutllloc Ilny i~rc;~, whicl~ is tl~c 
northern cxtenl o f  WIIRC's rusci~rcl~ silcs. Sonf11 of 

Telstar 7 satellite located at 129" W.L. 
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Figure 6: Schematic of the North Slope telelnetry SYStenl. Tile Freewave radio i~elwvork is conllected lo the 
Intenlet with tile Starband system located at the State of Alaska Sag River D e p a r t t r ~ c ~ ~ f  ol.Tmt~sporlalion Sysfern. 
(Starband installation July 2002) 
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Pn~dl~oe  Bay, there are no year ronad telepl~o~~e or 6. Acknowletlgr~~cnts 
Jiternet con~lectio~is available. 

During the spring and summer of 2002, a telelnehy This projcct was made possible through grn~lts fro111 
system was installed that provides renlote collllectivib' the National Science Fountlatiot~ (Graals No. OPP- 
to fifteen of WERC's tneteorological at~d l~ydrologic 9818066,OPI'-981.1984 and DEB-0080609). Tltanks lo 
sites on the North Slope. The radio systelll is silllilar to rjyron Roys, Matthew Fmver nnd olbcrs nt ll~o Wnler 
both the CPCRW systeni and the Seward Penitaula and Environ~nenlnl Reseitrclt Center [or I~elping with 
systetn. During the sllniiner 2002 the radio telenletry tliis project Tl~nnks lo Oltl Colosado City 
systen~ will be co~inected to the filternet in Prlldlloe Bny Ca~ii~~li~~iicat io~~s Tor i~~itinti~ig radio \ele~~ietry at 
with a RS232 to Etl~ernet device. This will provide a CPCRW as part of the Long Tor111 Ecological Ilcsearch 
reliable link back to UAF at the nortl~ern elid of the Project. Thanks lo OW Scienlilic IIIC. Tor ll~cir 
study area. The sot~tl~ern end will he con~~ected nssistn~lce tbroiighout lltese projects, l'hnaks lo Slll 
Starband, a comn~ercially available satellite Intenlet I~tternaliortnl for co~tligurntio~l : I I I ~  i~~stallnliot~ of ll~e 
service provider (J~L~S, 2002). A diagralll of the systelll Starbnntl systeni. Tl~nnks to Veco Polar Ilcso~~rccs : I I I ~ ~  
is shown in Figure 6. A 1.2 m satellite dish will be Mnrin Kl~izenga for providing logislic supporl. 
located at the Sag River D.O.T. station. This will 
connect the relilote Freewave radio network to the 
Starband Internet svstetn. wl~ic l~  wrovides onlimited 

7. Refcre~lces 

Internet access. TI& system willbe operational by the 
middle of August 2002. The connection sequence to D~uilnp Mary Anne. 1994. Solnr Kadinlio~~ 1)ata Ma~n~al 

reach a remote data logger will be sitnilar to Table 1. for Flat-plate ant1 Co~~cenlrali~~g Collectors. National 

State ofAlaska workers at Saewol~ will also utilize the Renewable ~ . . .  EnergyLnboralosy Attalylic Slutlics - 
Starberid system. tllourrh the svstem is conlieured to Division. - 
give WERC data reqct&ts pridrity. The advantages of 
using the Starband systenl are: unli~nited Intcmet access McCl~esncy, P.J. 2000. Soltlr Eleclric I'owcr for 

with a low mo~~tlilv fee. two-wav commonication to anv I~istsuments at Re~nole Silcs. U~~itctl Sliilcs Cicologic 

site throuallout N&II America k d  it is designed for 
' Sutvey. Open Filc Reporl 00-128. 

both cotnmercial a ~ ~ d  residential  application^ Pairing 
of the Starband systenl with a Freewave radio network 
supporting Campbell dataloggers detnonstmtes a unique 
hybrid solntion to support extre~nely relitote 
meteorological sites wit11 two-way co~iirnnnicatio~i. 

5. Conclusions 

Over the past several years a variety new telemetry 
options have been introdnced by manufactures for 
collecting data Fto~u remote sites. This newer 
technology has alIowed users to collect clatn fro111 sites 
that were once i~meachnble. It has also increased the 
reliability and the speed of cornln~~nications to relnote 
data collectio~l platforms. This paper presents the 
merging of several telen~etry options in order to acqnirc 
environmentnl data in near real time so tl~at it niay be 
utilized for niaking time critical decisions. bnages 
from reniote weather stations coi~ld potentially provide 
valuable inforn~atio~~ about snow loadi~lg pattertls n~ltl 
recent avalanclie activity. Alaska wit11 its size and lack 
of transportatiotl and conitnn~iication infiastnlchlre 
could benefit greatly Fro111 in~proved remote sensing of 
avalanche activity. 




