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PREFACE 

Alaska ' s arc t i c  seas and coasts are a focus of i nterest to the 
ens ineer and s c i ent i s t  who must know and use the latest technolosy to 
develop and protect resource s  i n  the nation ' s  larseat and moat envi ron­
mentally challens ins frontier . S i nce 1980 , the need for informati on 
and data for ens i neer lns and research in the Arct i c  baa been vall 
ident i f ied i n  reports prepared by the National Research Counc i l  ( 1979 , 
1981a , 1981b , 1982 , 1984 , 1985 ) . 

The need for arcti c  oceanosraph i c  and meteorolos i cal data and 
i nformation conti nues to i ncrease , despi te fluctuat i ons i n  offshore o i l  
and cas leas i n& act ivity . Indeed , lone-term pres sures to d i scover , 
develop , and transport nonl i v i n& and l ivins resources cont inue . The 
follovi ns examples reflect the present pace of resource use and probable 
development :  

• Baaed on known reserves , of every two barrels of o i l  extracted 
from Un i ted States o i l  f ields , one i s  l ikely to be from Alaska . Such a 
l ikel ihood accentuates the ursency to further develop Alaska ' s o i l  
f i elds bec ause o f  the rapid deplet ion o f  the Prudhoe Bay Field , wh i ch 
nov suppl ies  17 percent of u . s .  domest ic  o i l  produc t ion ( i . e . , 1 . 5  
mi ll ion barrels per day [U . S .  Department of the I nter ior , 1985 ) ] .  O i l  
mus t  be found beneath Alaska ' s Outer Cont i nental Shelf i f  the nat ion ' s 
dome s t i c  supply i s  to be maintai ned . 

• The Ber i ns Sea f i sher i es ' allowable catch i n  1984 vas set at 2 
mi ll ion metr i c  tons , and accounted for 40 percent o f  all f l ab causht 
wi th i n  the 200-mi le Exclus ive Economi c Zone ( liZ ) of the Un i ted States . 

Local coastal inhab i tants al so bave i nc reas i ns needs for envi ron­
mental data serv i ces to support plann i n& and operat i ons in a harsh and 
rapidly chanseable cl imate . There i s  an i nc reaa i ns rel i ance on air  and 
sea transport of people and suppl ies , wh i ch often c annot overcome 
unexpected hazards , storms , and system fai lures i n  remote areas . 

v 
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ORIGINS OF THE STUDY 

In support of i ts ocean servi ce respons ibi l i t ies , the Nat ional 
Ocean ic and Atmospher ic  Admin i strat ion (NOAA) has made orsan i zat ional 
chanses and sousht ways to enhance the qual i ty and usefulnes s of i ts 
envi ronmental data products . The arctic mari ne env i ronment presents a 
un iquely d i f f i cult challense to improv ins and chans i ns the acqu i s i t ion , 
proces s i ns ,  and d i s semination o f  data . Moreover , user needs may be 
h i shly di ffuse . Accordi nsly , at the request of NOAA , the Mar ine Board 
asreed in 1985 to undertake an as ses sment of the asency ' s  environmental 
data that would provide the techn ical bas i s  for sovernment dec i s ions 
resardins these activities in ocean areas off Alaska , part icularly i n  
arc t i c  and i ce-frequented waters . 

STUDY SCOPE AND APPROACH 

Th i s  report encompas ses the Ber i ns , Chukch i ,  and Beaufort seas--as 
well as the subarctic Pr ince W i l l i am  Sound and Cook Inlet where there 
i s  some seasonal sea i ce .  A committee was appo inted to ident i fy and 
as ses s var i ous user needs for oceanosraph i c  and meteorolosical data and 
i nformat i on servi ces , ava ilable technolosy , and prac t i ces employed to 
respond to user needs . The technolosy as ses sed was to i nclude 
remote-sens i ns systems , and data proces s i ns ,  i nterpretation , trans­
mi s s ion , and di s semination . Def ic ienc ies  in i nfo�at ion systems and 
proces ses were to be identif ied ,  alons with research requ i red to 
improve them and alternative s  for i ntesrat ins chanses i n  .ex i stins 
systems . 

The committee chose not to i nclude i nformation servi ces involvi ns 
seotechn i c al and sei smi c data acqu i s ition . Given the asses sment task , 
these techn i c al areas are beyond key NOAA mi s s ion obj ectives--except 
for tsunami warn ins--and i nvolve i s sues ( e . s. ,  nat i onal security)  that 
extend beyond the main interests of providins arcti c  mar ine envi ron­
mental data services  on a real-time or rapid-acces s bas i s . 

The role of pr ivate i ndus t r i es and services  ( somet imes known as 
"value-added" i ndustries ) and thei r  relat ion to NOAA env ironmental 
services in the Arct ic  were not i ncluded in the committee ' s  
as sessment . However , the report does  note several techn i cal problems 
that need to be resolved before bas ic  info�ation systems or data 
handl ins proces ses can be cons i dered to be avai lable to support 
value-added services . Judsments resard ins benefi ts and problems 
as soc i ated wi th pr ivati zat ion o f  arct ic envi ronmental servi ces are 
larsely economi c and publ i c  pol i cy i s sues wh i ch are partially 
i nfluenced by data and informati on system availab i l i ty , rel i ab i l i ty ,  
and c ap i t al and operatins costs . 

vi 
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COMMITTEE COMPOSITION 

The committee cons i sted of expe�ts in  the a�eas of ens i nee� ins and 
techn ical plann ins fo� a�ct i c  ma� it ime ope�at ions , o i l  and sas 
explo�at i on and p�oducti on , f i she�y ope�ations in the Be� ins Sea and 
the Gulf o f  Alaska , and suppo�t fo� sc ient i f i c  �esea�ch of u . s .  a�ctic 
coastal wate�s . The committee ' s  expe�tise also i nc luded �emote sens i ns 
and data analys i s  as well as meteo�olosy . 

ASSESSMENT APPROACH 

The committee ' s  study was based on p�esentat ions  and i nfo�ation 
p�ovided by techn i cal and p�og�am admin ist�ato�s f �om NOAA , othe� 
gove�nment agenc ies , use�s of NOAA se�vices , and techn ical pe�sonnel 
who p�ovi de the data acqu isit i on systems and dissemi nation p�ocesses . 
Committee membe�s p�ovided documentati on fo� �evi ew and assessment and 
met fou� times between Ap� i l  and Decembe� 1985 . 

ORGANIZATION OF REPORT 

Followi ng the Executive Summa�y , the �epo�t f i �st add�es ses gene�al 
data needs fo� maj o� use� g�oups : the sove�nment i tself , offsho�e o i l  
and sas develope�•. f ishe�ies manase�s and f i she�en , shi pping and 
ma� it ime ope�ato�s. and sc i enti s t s  who investigate the vast ma� i ne 
a�eas off Alaska . Chapte� 2 add�esses avai lable technology and 
def i c i enc i e s  that need to be el imi nated o� �educed by fu�the� 
development o� �esea�ch . The conclus ions and �ecommendat ions of the 
committee a�e contained i n  Chapte� 3. 

vi i 
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mmm RUWAIX 

Th i s  study addresses the spec i al needs for oceanograph i c  and 
meteorolog i c al data and informat i on servi ces for Alaska ' s  arc t i c  and 
subarct i c  ocean areas : the Beaufort , Chukch i ,  and Ber i ng seas , and 
areas where seasonal l ee occurs i n  Cook Inlet and Pr i nce Will i am  
Sound . These  ocean i c  reg ions are r i ch i n  f i sher i e s  resources--about 40 
percent of the total u . s .  allowable catch--and have long-term potent i al 
for o i l  and gas development--possibly over half of the u. s .  Outer 
Cont inental Shelf resources .  

The Rat ional Ocean i c  and Atmospher i c  Admi nistrat ion ( ROAA) i s  faced 
wi th expens ive and somet imes d i ff i cult techn ical cho i ces in providing 
envi ronmental data and informat ion services to remote and sparsely 
settled arc t i c  mar i ne and coastal areas . To ass i s t  i n  i ts plann i ng for 
the enhancement of present serv i ces and future improvements , ROAA 
requested that the Rat ional Research Counc i l  conduct a study , under the 
auspi ces of the Mar i ne Board , to ident i fy the maj or user needs and to 
assess the techn ical means of respondi ng to these needs . The Commi ttee 
on Arc t i c  Integrated Ocean Informat ion Systems was appo i nted to conduct 
thl a  aues sment .  

The needs of arct i c  mar i ne users addressed by the study were broadly 
perce ived to be for those serv i c es that enhance product ivi ty and safety . 
ROAA arc t i c  act i v i t ies i nclude weather forecasts and storm warn i ngs ; 
envi ronmental satell i te operat i ons , data archiving , and data d i s semina­
t i on and e xchange ; and management of f i shery resources . Users of data 
and serv i c e s  i nclude federal ( pr imar i ly ROAA , u . s .  Ravy , u. s .  Coast 
Guard , and Mi nerals Management Service ) ,  state , and local governments ; 
i ndustry ( o i l  and gas , f i sh i ng , m i n i ng , and mar i t ime ) ; and research 
organ i zat i ons . 

Many of the issues confront i ng ROAA wi th regard to envi ronmental 
services  support i ng operat ions and research i n  u . s .  arc t i c  and subarct i c  
mar i ne are as are also concerns c ommon to much o f  the nat i on :  making 
opt imum use of the government ' s present and pendi ng i nvestment i n  
meteorolog i c al satell i te systems , integrat i ng data process i ng t o  use 
the spec i al capab i l i t ies of the maj or agenc i es that provide data ( e . g . , 
Rayy , Air  Force , and HOAA) , prov i d i ng adequate val i dat ion of satell i te 
data , i ntegrat i ng both earth-based and satell i te data , and determi n i ng 
what long-term data should be acqu i red and archived . 

1 
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What makes these concerns spec i al ,  in  the arc t i c  and subarct i c  
contezt , are the envi ronmental condi t i ons wh i ch are character i zed by : 

• wi nter darkness , fog , and summer clouds , wh i ch often occlude 
vi sual observat ion and high-re solut ion satelli te-borne sensors ; 

• i c e  movement , wh i ch can threaten coastal commun i t ies  and 
fac i l i t i e s , endanger f i sh i ng operat ions , and halt or hinder seasonal 
sh i pp i ng ; 

• arc t i c  lows and rapidly developi ng storms , wh i ch are seldom 
detectable i n  the i r  early development from satell i te observat ions ; few 
commerc i al vessels trans i t  the s e  areas even i n  the open water season , 
and no other surface-baaed sensors ezi a t  to prov ide data for real-t ime 
forecas t i ng ; 

• r i ch f i sher ies  and an abundance of mar i ne mammals , wh i ch 
occupy the subarc t i c  Ber i ng Sea and northern Gulf of Alaska ; as prey 
and predators , both f i sh and mammals are i ntr i cately related i n  
f i sheries management pol i cy as well a s  i n  protection of threatened o r  
important s e a  l i fe ;  

• ezpensive and often d i f f i cult accessibi l i ty to arc t i c  areas 
for research and for maki ng ground measurements to val idate satell i te 
data . 

NOAA SERVICES : ASSBSSKBNT AND RECOMMENDATIONS 

In general , NOAA' s produc t s  and services  •at i a fy current government 
and i ndustry needs . However , there are def ic i enc i e s  i n  forecas t i ng and 
data dissemi nat i on systems , and problems are ezpected in the future as 
new satell i tes come on l i ne .  The moat c r i t i cal need i s  that of 
plann i ng for the processi ng and ut i l i zat ion of the huge volumes of data 
that will be acqu i red by satell i tes  scheduled to be launched in  the 
nezt decade . 

As di scussed below , the common problema of lack of bas ic  data and 
poor access to data affect three general areas : forec as t i ng ,  data 
management ,  and f i sher i es management .  

1. Oceanograph i c  and Meteorolog ical Forecast i ng Improvements 
are needed in forecas t i ng and warn ing capab i l i ty concern i ng small-scale 
severe weather , rapidly develop i ng low-pres sure sys tems , and tsunami s . 
S i nce there is l i ttle commerc i al sh i p  traffic  i n  the eastern Ber i ng 
Sea , the opportun i t ies to obta i n  meteorolog ical observat ions from sh ips  
are • i n i•al and i rregular . Bzcept for one buoy i n  the Ber i ng Sea 
(Havar i n  Bas i n ) , there are no con t i nuous sea-surfac e  weather observa­
t i on buoys . The commi ttee recommends i ncreas i ng frequency and dens i ty 
of ocean and weather observat ions by encourag i ng mo re report i ng by 
f i ah i nc ve s sels ( fore i cn and domest i c ) , usi nc automated sh i pboard 
report inc un i t s  ( e . c . , "black bozea") ; and ua i nc ocean data buoys . 

Thi s  report quest ions the val idity of ezi a t i ng numer i c al model s 
used for envi ronmental forecaa t i nc north of the Aleut i an Islands , 
because the models i n  use were desi gned for mid-lat i tudes , not h i ch 
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lat i tudes . The commi ttee recommends that models be developed to 
account for arc t i c  parameters . 

The commi ttee notes inadequate real-t ime capab i l i ty in  mon i tor ins 
and forec aat i ns i ce edge and i c e  cover movement . Ice movement i s  
tracked by satell i te , wi th some aer i al reconnai s sance of cr i t ical 
areas . The two pr i nc i pal platforms used are NASA ' s RIMBUS-7 acann ins 
mul t i channel mic rowave rad i ometer ( SMKR )  and NOAA' s advanced very h i gh 
resolut i on rad i ometer ( AVHRR) . The SMKR has low resolut ion ( 25 km) but 
can see throush cloud cover ; AVHRR has very h i sh re solut ion ( 1 . 1  ka) 
but cannot penetrate clouds . Inadequate d i g i tal proces s i ng c apab i l i ty 
has resulted i n  underut i l i zat i on of SMKR data for s trateg ic  ice  
mon i tor ins . 

Synthet i c  aperture radar ( SAR) data from the European Space Asency 
Remote Sen a i ns satell i te ( ERS-1 ) ,  scheduled to be launched in  1990 , 
will provi de both h i gh resolut i on (25-40 m) and cloud penetrat ion 
capab i l i ty .  The SAR sensors on ERS-1 and other new s atell i tes have an 
extremely h i sh data acqui s i t i on rate , wh i ch precludes on-board image 
proce s s i ng . U . S .  acces s  to ERS-1 ' s  SAR data i s  dependent on establ i sh­
i ng a rec e i v i ns s tat i on at Fai rbanks , wh i ch NASA plans to construct and 
the commi ttee endorses .  However ,  the commi ttee notes that dat a  are to 
be processed for research use , and i t  i s  not clear whether SAR data 
will be avai lable on a real-t ime bas i s  for operat ion s  and forecaa t i ns . 
The commi ttee recommends that NOAA execute the neces s ary i nterasency 
plann i ns to add thi s  real-t ime capab i l i ty .  

2.  Data Kanas ... nt Image proces s i ng mus t  be c omb i ned wi th 
satell i te and in s i tu numeri cal data to provide for opt imum use of 
current and future s atell i tes . Extrac t i ng numer i c al informat ion from 
images ( both SAR and AVHRR produce images )  i s  d i ff i cult and is l i•ited 
by lack of mult i frequency sys tems . At present , no a i nsle mi crowave 
sensor i s  operat i onal ; the f i rs t  wi ll be the spec i al sensor mi crowave 
imager ( SSM/ I )  i n  late 1986 . The commi ttee recommends that funds and 
prosrama be d i rec ted to obtai n i ns surface-based and a i rborne measure­
ment s  to val idate s atell i te sensor data and the alsori thaa used i n  
proce s s i ns them . Further , the c ommi ttee recommends that NOAA opera­
t i onal and research elements develop appropr i ate hardware and software 
systems to comb i ne s atell i te and surface-based data to opt imize current 
and future s ensor c apab i l i t i e s . 

In as s as s i ns data-proces s i ns systems , the commi ttee notes that poor 
acce s s i b i l i ty of archival and new data presents immedi ate d i f f i cul t i e s  
t o  users and i s  expected t o  b e  further compl i c ated i n  the future by the 
archival needs of more soph i s t i c ated s atell i te systems . Currently , 
users often mus t  contac t  di fferent off ices  or operat i ons to obtain data 
that may be archived separately by source ( sensor platform) , 
di sc i pl i ne , or type ( e . g . , cl imate , i ce ) . The arc h i v i ns of h i s tor ical 
data i s  not integrated . The committee recommends upgradins data 
proce a a ins and d i s semi nat i on sys tems for future and arch ival data , and 
develop i ns systems to i n tesrate s atell i te and surface-baaed data . 

Desp i te i n i t i al plann ing , the commi ttee expre s s e s  concern that the 
Department of Defense/NOAA Shared Procea a i ns Prosram will not meet i ta 
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full-capab i l i ty tarset date of 1988 . The commi ttee views HOAA ' a 
part i c i pat ion in  th i s  prosram as es sent i al to opt imum ut i l i zat ion of 
s atell i te c apab i l i t ies and to improved i ce ,  sea-surface , and meteoro­
los i cal forecaat i ns and analys i s , and reco.menda a f i� lons-te� 
commi t•ent to the prosra. . The commi ttee further reco.menda that 
rout i ne exchanse of data amons the three Centers of Expert i se (HOAA , 
Havy , Air  rorce ) des i snated i n  the prosram be fully automated . 

3. rl•herl•• -.aaa ... nt HOAA accumulates and analyzes economic 
informat ion from the f i ahi ns i ndustry to ascertai n  the benef i t  of 
f i sher ies  allocat ion ,  as requ i red by the r i ahery Conservat i on and 
Kanasement Act of 1976 . The committee concludes , however ,  that 
i nformat i on needed to as sess f i sh stocks and determi ne allocat ions to 
var ious f i a h i ns sear croups i s  l imi ted .  The commi ttee further concludes 
that collect i on and val idat i on of c atch data and cont i nuat ion of the 
domest i c  obs erver prosra. c annot be adequately accompl i shed under 
present fund i ns .  Budseta  will be further depleted by los s of fees due 
to reduced fore i sn f i ahi ns act iv i ty . 

Short- to medium-ranee tran s port and water column structure 
predict ion models are needed for f i shery manasement and develo�nt . 
Lack of focused arc t i c  envi ronmental studies  and l i • i ted t ime-aeries 
data have proved to be a maj or h i ndrance to development of .odel a . 
Sea-surface theraal analyses , wh i ch have been conducted in  other 
res i ona , are lackins for the eas tern Beri ns Sea and northern Gulf of 
Alaska . Oceanosraph i c  research to establ i sh key basel i ne data i s  
inadequate . The commi ttee recommends that adequate f i sher ies data 
collection aya te•• be developed for domest i c  f i sher i es in u . s .  arctic  
and subarct i c  waters . 
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USIR NIIDS AND PRISINT CAPABILITIES 

INTRODUCTION 

The followin& sec t i ons of th i s  report i dent i fy and descr ibe "user 
needs . "  I t  is important to recosn i ze that these are not needs i n  the 
d i c t i onary sense of be i n& nece s s i t i e s  or an imperat i ve demand . Kost  
user croups ident i f i ed i n  th i s  report have been operat i n& i n  the Arct i c  
for many years wi thout the bene f i t  of many of the oceanosraph i c , 
meteorolos i c al ,  and data analys i s  servi ces now ava i l able . These people 
coped wi th the envi ronment aa they encountered i t  and manased to l i ve 
wi th the unpredi c ted hazards , some t imes pay i n& a pr i ce i n  property 
damase , i nj ury , and even los s  of l i fe .  

Improvements i n  technolosy have made pos s ible the d i s semi nat ion of 
more extensive and more accurate mar i ne-related serv i ces , however . 
Users i n  the Arc t i c  have bene f i ted from these serv i c e s  and have learned 
to expect more of them . Wi th con t i nued improvements as new s atell i te 
remote-sen s i n& sys tems are put i n  place , there wi ll be an enormous 
srowth in the i nformat i on ava i l able to the people who l ive and work i n  
the Arct i c . To make the bes t  use o f  these new data , systems neces sary 
to proces s  them , convert them to useful products , and d i s semi nate them 
must  be planned . 

In rare c ases , some law may requ i re that spec i f i c  oceanosraph i c  
data be avai lable for envi ronmental enforceaent . Bore often , however ,  
enforcement asenc ies  have cons i derable lat i tude i n  wri t i n& resulat ions  
and cons iderable leeway i n  i nterpret i ns available env i ronmental data . 
For ex .. ple , i f  the Kinerals Kanasement serv i ce of the Department of 
the Inter ior wants platforms to wi thstand a 100-year s torm and haa only 
a few years of data , it may employ s tat i a t i cal methods to extrapolate 
to 100 years . The methods used are cons idered qu i te rel iable wi th i n  
l imits  but are neces s ar i ly conservat ive . Therefore , asenc ies  are able 
to perform the i r  mi s s i ons even i f  the i r  prece ived needs are not met i n  
many cases . 

A user ' s  appet i te for env i ronmental data i s  ea aent ially open-
ended . For exa.ple , those re s pona ible for ident i fy i ns and protectins 
endansered s pec ie• will want to know f i r s t  how many exi st , then where 
they travel , what they eat , what predators ex i s t , what affects breed i ns , 
etc . Bach of these factors could be resarded as be i n& data needa when 
actually they are data "want s "  or "des i res . "  

5 
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Because the h i story of technology has shown that technolog i c al 
advances  have produced more and better envi ronmental data , i t  may be 
mi sleading to speak of "needs" as imperat ives . Rather , i n  thi s  report 
the word "needs" means data that users are accustomed to receiving and 
rely i ng upon , plus add i t i onal or better-qual i ty data as a near-term 
improvement . 

The commi ttee recogni zes that i t  i s  not feas i ble in  th i s  report to 
detail the i ndividual datum or series  of data needed by all users . 
Such a l i s t i ng could take several volumes . The Fleet Numeri c al 
Oceanograph i c  Center ( PHOC )  of the u . s .  Navy , for example , i s  a s ingle 
central forecast installat i on , which produces several hundred 
envi ronmental products : a l i s t i ng of i ts produc ts generated by 
analyz i ng avai lable satell i te data i s  14 pages long . Furthermore , 
s i gn i f i c ant i ncreases i n  quant i ty and qual i ty of data will result from 
new generat i ons of s atell i tes and automated sys tems . An attempt has 
been made , however ,  to ident i fy user needs for oceanograph i c  and 
meteorolog i c al data , available data services , def i c ienc ies and problema 
wi th these  services , and ways to improve thea . 

Fi nally , i t  should be noted that i n  add i t ion to the government and 
i ndustry users described in th i s  report , the coas tal i nhab i tants of the 
u . s .  Arc t i c  are also important users of envi ronmental data . Inhab i tants 
of th i s  reg i on north of the Aleutians are pr imar ily Yupik and Inu i t  
Bskimos . Because o f  their  leadersh i p  role in  local government and 
the i r  i ncreas i ng part i c i pat ion i n  research and development and i ndus try ,  
the i r  envi ronmental data requ i rements are s imilar to those of other 
maj or users . In add i t ion ,  subs i stence hunt ing and f i shing are s t i ll 
important to i ndi genous peoples ,  and their  coastal hunt i ng and f i sh i ng 
grounds are exposed to impac t by sea i ce and storm surges . However , 
they need no longer face unpred i cted hazards : meteorologi c al and 
oceanograph i c  forecas t i ng and servi ces now provide them new tools to 
cope wi th th i s  hos t i le envi ronment . 

GOVERNKBHT USBRS 

Federal , state , and Local Governments 

Governments compr i se the l argest c ategory of users of arc t i c  
envi ronmental informat i on ( Fi gure 1-1 ) . The i r  requ i rements stem from 
respons i b i l i t ies that are usually--but not always--spec i f i ed by 
leg i s lat ion , and whi ch may re sult in cons iderable overlap in  
appl i c at i ons  for such data . 

Some respons ibil i t ies are shared between two or more level s of 
government ( e . g . , envi ronmental protect ion ) , whi le others res ide wi th 
only one ( e . g . , defense and envi ronmental forec as ts ) .  The type , 
frequency, quant i ty ,  qual i ty ,  and format of requ i red data depend upon 
the intended use . 

State and local needs are not necessar i ly les s  sophi s t i c ated than 
federal needs , but generally i nformat i on that s at i s f ies federal 
requ i rements  wi ll s at i s fy all levels of government .  For thi s  reason , 
the followi ng di scus s ion wi ll be conf i ned to federal users of arc t i c  
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Government Agency or Function 

Federal Organizations 

NOAA 
Minerals Management Service 
Navy 
Coast Guard 
U.S. Geological Survey 
Environmental Protection Agency 
Federal Emergency Mgmt Agency 
Federal Aviation Administration 

State, e.g.: 

Environmental Conservation Authorities 

Fish 1c Game Commissions 
Natural Resource Departmente 
Transportation Departments 
Health 1c Social Services 
Emergency Services 
Economic Development Authorities 
State Pollee 
Education Departments 

Local, e.g.: 

Environmental Control 
Fishery Councils 
Coastal Zone Management Zones 
Port lc Harbor AuthoriOes 
Pollee 
Economic Development lc Planning 
Communlcatlons-Pr ... , TV, etc. 

Date Types 

• • •  •• • •• 
•• •• 

•• •• • • • • 
•• •• •• •• 
• • 

• •  • • 
• • •• • 
• •• • 

•• •• • • •• 
• •• •• • • 
• • 
• •• • 
• • • • 
• • • • • 
• • 
• •• • • 
• •• • 

•• • • •• • • 
• • • • •• • 
• • •• • • 
• • • • • • 
• •• • • • 
• •• •• • 
• •• • • • 

FIGURE 1-1 Federal , state , and local government needs for arc t i c  
envi ronmental informat ion • 

.. teorolog i cal and envi ronmental data from the Nat ional Ocean ic  and 
Atmospher i c  Admi n i s trat i on ( NOAA) . 

Nat ional Ocean ic  and Atmospher i c  Admi n i s trat ion 

Aaong all federal users , NOAA i s  undoubtedly the largest s i ngle 
user of i t s  own envi ronmental data . Although the commi ttee was not 
asked to adv i se NOAA on i ts own i nternal needs for arc t i c  dat a ,  in the 
i nterest  of covering all maj or federal users , NOAA was asked to provide 
a di scus s i on of i ts own needs for the arc t i c  envi ronmental i nformat i on 
that i t  generates .  
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A l i s t i ns of NOAA ' s maj or c omponents i ndicates the ranse and 
soph i s t i c at i on of i t s  operat i on s : 

• Nat i onal Ocean Service  ( NOS ) --naut i c al charts , ocean and 
coas tal re source manasement , oceanosraph i c  surveys and assess .. nts ; 

• Nat i onal Weather Serv i c e  ( NWS ) --weather forecas t i ns ; 
• Nat i onal Mar i ne ri sher i e s  Service ( RMFS ) --data and inforaation 

about conservat ion , manasement, and development of l ivins resources ;  
• Nat ional Envi ronmental S atell i te ,  Dat a ,  and Information 

Service ( NBSDIS ) --satelli te-based data acqu i s i t ion and analys i s ;  
• Off ice  of Ocean i c  and Atmospher ic  Research ( OOAR) . 

The seneral act ivi t i es and env i ronmental data needs of these aaj or 
components are described in more detail  i n  Appendi x  A .  <rurther 
informat ion about data and product requ i rements of var i ous sovernment 
asenc ies  is  found i n  a survey report prepared by the Jet Propuls ion 
Laboratory , 1984 . ) The statutory bas i s  for NOAA' s authori zed and 
mandated requ i rements are s iven i n  Appendi x  B .  

Mi nerals Manasement Service (MKS ) 

The MKS ( Department of the Interior)  manases off shore resources  of 
the federal sovernment .  Its res pons i b i l i t ies i nclude the followins 
funct i ons that use NOAA-senerated envi ronmental data : 

• Resource evaluat ion and envi ronment as ses sment--envi ronmental 
studies  ( as requ i red by OCS Lands Ac t ) , preparat i on of envi ronmental 
impact statements , b l olos l cal mon i torins and as ses sments , endansered 
spec ies  and mari ne sanctuary proposal revi ews , o i l  spill traj ectory 
analys i s ,  envi ronmental resulat i on development and review ;  

• Off shore lease sales and act lvi t l es--overs i sht o f  offshore 
struc tures standards ; 

• Resul at l on , inspec t i on , and enforcement--overs l sht of o i l  
spill cont i nsency plans . 

To perform i ts mandated respons i b i l i t i es , MKS needs data to c alculate 
the effec t s  of wi nd , waves , currents , and l ee on off shore riss  and 
platforms . 

MKS ' s  data needs di ffer between the le ase permi t appl i c at i on per i od 
and the pos t-permi t peri od .  Offshore o i l  and sas leases  are i s sued for 
5 years , and somet imes 10 ye ars , and i nvolve extens ive consul t l ns with 
local and state sovernment asenc les , envi ronmental act i on sroupa , 
i ndustry , and the seneral publ i c . Deta i led envi ronmental impact data 
are requi red before permits are i s sued . Bven then , many envi ronmental 
concerns and confl icts  may be encountered , result i ns i n  needa for more 
and better data after permi ts are i s aued , espec i ally i f  a leaae 
dec l a l on i s  appealed . 
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U . S .  Ravy 

Ravy act iv i t ies  are s i gn i f i c antly affected by arc t i c  weather and 
strongly i nfluence the Ravy ' s need for envi ronmental data from ROAA . 
These act iv i t ies  inc lude : 

• research and development , 
• fleet operat ions and plann ing , 
• fl i ght operat ions and plann i ng ( land and c arr i er based) , 
• amph i b i ous landings , 
• ant i submar i ne and ant i a i rcraft operat i ons , 
• search and rescue , 
• commun i c at i ons , 
• i ntell i gence . 

Ravy act iv i t i e s  i nclude surface , subsurface , and atmospher i c  
i nvest i gat i ons conducted i n  open water areas , along the margi nal ice 
zone , and on the ice  i tself . Typ i c al areas of re search i nterest  
include acoust i c s , geophys i c s , oceanography , sea  i ce , and meteorology . 

Fleet operat i ons i n  arc t i c  reg ions range from those i nvolvi ng only 
a few ships  to exerc i ses  compr i s i ng up to three battle groups ( ai rcraft 
carr i er , escort submar ines , and logi s t i c al support ships) .  Fleet 
operat ions requ i rements have much f i ner tolerance levels than those for 
commerc i al ves sels . Carr ier a i rcraft operat ions are part i cularly 
sens i t ive to env i ronmental effects : vi s ib i l i ty ( fog/haze) , cloud cover 
( ce i l i ng he i ght) , and roll and p i tch ( wave he i ght/ swell) are c r i t ic al 
parameters for the success ful t akeoff and landi ng of ai rcraft ; wi nd and 
ch ill factors determi ne the tops i de s tayt ime of fl i ghtdeck crews and 
change of personnel whi le the sh i p  i s  under way . Ic i ng i s  a part icular 
problem when i t  appears on ai rcraft and on the superstructure of war­
sh ips , affec t i ng the i r  stab i l i ty .  Submar ines i n  d i s tres s  must be able 
to locate polynyas and leads i n  a mi n imum amount of t ime .  F i nally , the 
performance of weapons and sensors in or near the i ce i s  affected by 
envi ronmental factors . 

ROAA-acqu i red data val idate and ref i ne the Ravy•s own informat ion 
about weather ,  wave he i ghts , sea-surface temperature , and ice  edge 
locat ion produced by the Fleet Rumerical Oceanography Center (FROC) i n  
Monterey , Cal i forn i a .  Ravy envi ronmental data products i nclude acoust i c  
analyses and forecasts , radar propagat ion analyses b ased on atmospher i c  
refract ive effects , and avi at i on support that i s  provided by the Raval 
Oceanograph i c  Command Detachment , Adak , Alaska . 

Support for naval analys i s  and operat i ons i s  also provi ded by the 
Ravy/ROAA Jo i nt Ice Center ( JIC) i n  Su i tland , Maryland . Over 80 percent 
of the data used to derive i ce edge locat ion is obtai ned from s atel­
l i tes . Current analyt ical methods are labor i nten s i ve and do not fully 
ut i l i ze all avai lable data due to the lack of a d i g i tal image proces sor 
for s atell i te data . The Ravy and ROAA have ident i f i ed the nece s s ary 
d i g i tal imagi ng processor to exploi t  fully the data currently avai l able 
and to ensure that the add i t i onal satell i te data to be avai l able in the 
next 5 years c an be effect ively ut i l i zed . Cont i nued ROAA support i s  
neces s ary to implement th i s  important effort . 
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The Arct i c  Data Buoy Program provides data from buoys that aeeoa­
modate a wide range of sensors , i nclud i ng pressure , temperature , and 
oceanograph i c  measurements . The Ravy has obl igated funds to support 
th i s  program and rel ies  on cont i nu i ng ROAA cooperat ive part i c i pat ion 
and fund i ng support . 

Other Ravy i n i t i at ives to improve envi ronmental support in  the 
Arct i c  i nclude measur i ng the i ce by a i r  ( characteri z ation and th ick­
nes s ) ,  deploying sensors on the i ce ,  comp i l i ng envi ronmental guides and 
data bases i n  cooperat i on wi th ROAA and the Air Foree , and improving 
h i gh-lat i tude weather forecasts . 

u . s .  Coast Guard 

Weather and sea cond i t ions affect the full range of u . s .  Coast 
Guard funct i ons i n  the Arct i c : development of ves sel navigat i on and 
s afety s tandards and regulat i on s , d i s semi nat ion of envi ronmental 
i nfo�t i on for protect i on of persons at sea , search and rescue 
operat i ons , Exclus ive Economi c Zone ( EEZ) f i sher i e s  and coastal law 
enforee.ant , and i cebreaker operations . In support of these activi t ies , 
the Coast Guard requ i res  the followi ng data and analys i s : 

• Ice i nformat ion i s  requ i red to ident i fy federal anchorages and 
mari ne s afety zones for ves sel s . Hourly meteorolog i c al ,  t i dal , and i c e  
informat i on i s  needed for ves sel traff ic  sys tems , such a s  the one i n  
Prince Wi ll i am  Sound . 

• Wind and current speed and d i rection are used to mon i tor oil  
spills and develop prediction models .  Offshore blowouts or o i l  spills  
wi th internat ional impl i c at i ons ( Sovi et Un ion and Canada) may requi re 
spec i al c apab i l i t ies , such as s p i ll tracking v i a  s atell i te to determi ne 
ice  dri ft and extent . 

• Dai ly ocean current forec ast , wind speed , wave condit ions , and 
water and a i r  temperatures are e s sent i al to operate search and rescue 
ves sels and a i rcraft and to determi ne survival t ime for floundering 
ves sels and seamen i n  the water . 

• Remote-sens i ng informat i on ,  water and ai r temperature , i ce 
cover , and ocean color analys i s  i n  at least 3-day i nterval s are used 
for f i she r i e s  law enforcement . 

• Ice informat ion and fore c asts  are needed by the polar i ce­
breaker fleet , wh i ch must respond to emergenc ies  in the Ber i ng and 
Chukchi seas and part of the Beaufort Sea in the summer and the Ber i ng 
Sea southward in  the winter . Unt i l  the POLAR Clas s i cebreakers are 
stat i oned closer to the Ber i ng Sea , however ,  they c annot respond to 
many emergenc ies  there due to the mob i l i zat ion t ime from Seattle ( home 
port ) . Therefore , data needs exi s t  only for the short durati ons that 
they are in the area . 

Spec i f i c  data needed for i c ebreaker operat ions  are given i n  Table 
1-1 . These  data are not all currently available , but they are 
proj ected to be available by the mid-1990s ,  as sumi ng the ERS-1 , Ravy 
Remote Oce an Sens ing Sys tem ( BROSS) , and Canada ' s  RADARSAT mi s s ions are 
on schedule and real-t ime readout i s  available from Alaska . 
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TABLB 1-1 u.s. Coast Guard Sea Ice Reconnaissance Require .. nts Projected to Bid-1990s 

Observational Reguir ... nt Resolution Product Delivery 
Type of Accurac1 Sf! aCe rreguenc1 �d&JS� �tiM del&!� 

Par&Mter Observation Desired Binimua Desired Blniaua Desired Blniaia Desired Blniaua 

Thickness Area averase 0.2 .. 1. 50 .. 1ka dally 3 <3 hrs <1 day 

Boundary Line position 1km 10 ka 1km 10 ka dally 3 <3 hrs <1 day 

Concentration !. of area 5!. 10!. 1km 10 ka dally 3 <3 hrs <1 day 

Botion Point dil- 100 • 2ka 5km 20 ka 4/day 1 <3 hrs <8 hrs 

place .. nt per per 
day day 

Rid& in& 
Density Nuaber/area 10!. 25!. 100 • 1ka dally 3 <3 hrs <1 day 
Orientation Orientation 10• 30• NA NA dally 3 <3 hrs <1 day .... 
Heisht Heisht sail/ 1 .. 2m NA NA dally 3 <3 hrs <1 day 

.... 

keel 

Ice type !. of area 5!. 10!. 1km 10 ka dally 3 <3 hrs <1 day 

by type 

Leads 
Location Line poll tion 20 • 100 .. 100 • 1ka 2/day 1 <3 brs <12 brs 

Orientation Orientation 10• 30• NA NA 2/day 1 <3 hrs <12 brs 

Floe position Point location 20 .. 100 .. 20 • 100 • 4/day 1 <3 hrs <12 brs 

Surface .. ltin& !. of area 5!. 10!. 50 • 1ka dally 3 <3 brs <1 day 

Snow cover !. of area 5!. 10!. 100 • 1ka dally 3 <3 hrs <1 day 

Thictneu 0.2 • 0. 5 • 50 • 1ka dally 3 <3 hrs <1 day 

SOURCI: u.s. Coast Guard. 
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INDUSTRY USERS 

Offshore Oil  and Gas 

Explorat ion , s i te as sessment ( economic evaluat i on ) , and production 
of Alaska ' s  offshore o i l  and gas f ields requi re mar i ne-related data and 
serv i ces  i n  support of operat i onal planni ng , fac i l i t i es and ves sel 
des i gn , weather and i ce forecast i ng ,  and o i l  spill analys i s . 

Operat i onal plans and dec i s i ons are based on "no�l" weather and 
ocean condi t ions , i . e . , other than extreme states . Cond i t i ons normal 
to th i s  reg i on are already extreme compared to the "lower 48" s tates , 
however , and require that the i ndustry perform plann i ng analyses to 
( 1 )  pred i c t  downt i.a for var i ous  systems , ves sels , and platfo� , and 
( 2 )  avo id  over- and underde s i gn . Data most useful to these tasks are 
oceanographi c  and meteorolog i c al i nformat ion in the form of bivar i ate 
analyses ( e . g . , wi nd and speed versus d i rect ion ; wave he i ght versus 
per iod ) , per s i s tence stat i s t i c s , presence and durat i on of i ce ,  and 
h i s tori c al data and t ime-ser i e s . 

To determine des ign c r i ter i a  for ves sels and fac i l i t ie s , the o i l  
and gas i ndustry most often needs extreme values of wave and swell 
he ights , per i ods , and direct ion ; wind speeds and d i rect ion ; storm 
surge ; and c urrent prof i les . Stat i st i c s  for these parameters under 
extreme cond i t ions generally mus t  be formulated from h i ndcasts of data 
from past s torms ( about 5 0 )  over the longest t i .a  available . The 
parameters ( derived from arch ived weather maps and s tat ion l i s t i ngs ) 
needed to prepare a h i ndcas t model are : 

• barometr i c  pressure f i elds , 
• ai r and sea-surface temperature , 
• wind veloc i t ies , 
• wave he i ghts and periods ( i ncluding swells ) ,  
• sea- i ce di stribut ion and concentrat i on . 

To c al ibrate the model , the i ndustry requ i re s  t ime-series  of the 
pr imary parameters dur i ng sever al severe storms , and mus t  be conf ident 
that the t ime-series are of suff i c i ent qual i ty ,  length , and a torm 
i ntens i ty ,  and cover auitable locat i ons . The longes t  h i ndcast return 
interval c alculated ahould not exceed 4 t imes the length of the data 
base ( 2  to 3 t imes i s  preferable ) .  Since a common des i gn cr i terion i s  
the 100-year return i nterval , the data base mua t  be at least 25 years 
long . Adequate data sets are rare . In many c ase s , the i ndustry has 
conducted measurements spec i f i c ally dea lgned to ver i fy and cal ibrate 
i ts own model s . 

The potent i al exi sts  for enhanc i ng the storm data base by adding 
data from a buoy that NOAA deployed i n  the Ber i ng Sea i n  1985 (wi th the 
ass i stance of the i ndus try , wh i ch paid for refurb i shing i t ) , along wi th 
new s atell i te data , providing i t  i s  suitably arch ived . 

Weather and ice  forec as t i ng are of part i cular importance to the 
i ndus try , wh i ch uses pr ivate weather forecas t i ng servl cea  whose data 
co.as from NWS, supplemented wi th data from add i t i onal atat i ona . 
Espec i ally c r i t i cal to o i l  and gas rigs  and dri ll i ng operat ion• are lee 
moni toring and forecas t i ng dat a :  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

N O A A  I n f o r m a t i o n  S e r v i c e s  f o r  U . S .  A r c t i c  M a r i n e  O p e r a t i o n s :   A n  A s s e s s m e n t  o f  N e e d s  a n d  T e c h n o l o g y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 3 1
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• tJpe , di str ibut ion , and movement , 
• sea- i ce edse pos i t i on ,  
• s i ze s  and locat ions of floes and open water leads , 
• he i sht of ridses and depth of keels .  

The i ndustrJ i s  presently developins ice edse pred i c t i on models 
that wi ll use these data alons wi th the atmospher i c  and oceanosraph i c  
parameters requi red for h i ndcast  models . Mos t  of the necessary i ce 
data are s athered by satell i te systems , wh i ch are d i scus sed i n  sreater 
detail in Chapter 2 .  In addi t i on , ice  atlases have been prepared based 
larsely on previously publ i shed compi lat i ons of aer i al ice recon­
nai s s ance observat ions and more recently on satell i te observat i ons . 
These data bases are limi ted , and i t  i s  recosn i zed that they are not 
adequate to charac ter i ze Alaskan offshore ice cond i t i ons on a lons-term 
bas i s . Cons iderat i on should be s iven to establ i sh i ns automat i c  remote 
stat i ons at key loc at i ons wi th i n  the Ber i ns and Chukch i seas• seasonal 
ice zones , such as Li ttle Diomede , st . Lawrence , and St . Matthew i slands 
( personal c ommun ication , Sea Ice Consultants ,  Inc . , 1985) . 

Computer models  are also used to analyze potent i al o i l  spi ll 
traj ector i e s  and impact s i te s . These models requ i re the same infor­
.. t i on for ver i f i c at i on , c al i brat ion ,  i n i t i al i zat i on , and updat i ns as 
the other previ ously di scus sed models .  

Coas tal Ki n i n& 

Coastal min i ns operat ions mostly involve sravel extrac t i on and , to 
a les ser extent , extrac t i on of heavy .. tala . Ki n i n& operat ions are 
l imi ted and usually conducted i n  shallow water close to shore , wh i ch 
becomes fast ice  dur in& part of  the year . These operat i ons requi re 
mar ine-related data and serv i c e s  s imi lar to the o i l  and sas i ndus try 
needs , except for the data and i nformat i on support i ns spill analyses .  

Kar i na Tran s portat i on and Ports 

Except for the explorat ion and development of Alaska ' s oil  fields , 
mar i ne traff i c  and port act iv i t i e s  have remained e s sent i ally unchansed 
dur in& the last 20 years . Goods and mater i als for c oastal commun i t i es  
have been successfullJ suppl i ed by  an open water tus-barse flot i lla , 
wi th per i od i c  support from i ce-worthy vessels . 

However ,  the addi t ion of o i l  tanker traff i c , north of the Aleut i an 
Isiands , would dras t i c ally chanse the trad i t ional seasonal ves sel 
movements to a year-round tran s portat ion BJ&tem .  Such a BJ&tem would 
probablJ requi re construct i on of an offshore mar i ne te�inal and 
i ce-capable ships . Potential routes for these sh ips  ( F i sure 1-2) were 
ident i f ied by a Nat ional Petroleum Counc i l  s tudy on arc t i c  o i l  and sas 
( NPC , 1981 ) . 

Because seasonal open water tus-barse operati on s  are s i sn i ficantly 
different from i cebreakins sh i p  operat i ons , the need for NOAA-related 
servi ces wi l l  expand in the 1990s . The decade of the 1990s would be 
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LEGEND: EXISTING ROUTE 
-- TRANs-ALASKA PIPEUNE 

FIGURI 1-2 Pos s ible arc t i c  tran s portat i on routea . Source : RPC ,  1981 . 

when i cebreakin& tankers could be ezpected to be operat i ns .  Bore 
s pec i f i c ally , offshore petrolewa develo�nt scenar ios proj ect 7 to 10 
years between d i scovery and produc t ion . 

Current user requi rements ( 1986 to 1990 ) are for ( 1 )  real-t i .. data 
and product s  and ( 2 )  acces s  to arch ival data and products of weather , 
sea , and ice  condi t ions . In seneral , theae ROAA-senerated data and 
products  have proven adequate for current marine tranaportat i on needs . 
For locat i ons on the Ber i n& Sea where o i l  drillin& activit iea  have been 
focuaed , eztenaive a ide-looki n& ai rborne radar fl i &hta have been used 
by i ndua try to auppl ... nt ROAA data products . 

Future uaer requi rement• ( 1990 to 2000 ) wi ll probably requi re 
enhanced ROAA data and produc t s . Thi s  need wi ll be dictated by the 
fleet of i ce-worthy ships that wi ll have to navisate prec i sely throush 
open water leads and areaa of low ice res i atance . Such capab i l i ty will 
nece a a i tate direct  tranaaia a ion of procea aed aatell i te ice imasery 
(SAl) froa a &round stat ion to an orb i t i n& aatell i te for relay to the 
vea sela . Th i s  new c apabil i ty i a  ter.ad "tac t i c al navisat ion , "  whereas 
the current c apab i l i ty i a  bea t described as "atratesi c  navisat ion . "  A 
aummary of future requ i r  ... nta for marine tranaportat ion aya t  ... was 
&ivan in Table 1-1 , in the di s c u s s ion of Coaat Guard requ i r  ... nta . 
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The only operat i onally capable, i ce-t ran s i t i ng s h i ps pre sently 
operat i ng i n  the Alaskan Arc t i c  are U . S. Coas t Guard i c ebreakers . Of 
the three c las s e s  o f  i c ebreakers in serv i ce ,  i t  i s  the more powerful 
POLAR Clas s that has supported almo s t  exc lus i ve operat i on s  in Alaska 

dur i ng the las t 7 years . The s e  i cebreakers have a proven year-round 
capab i l i ty i n  the Ber i ng Sea and have made two m i d-w i nter tran s its l n  
the Chukch i Sea dur i ng the Mar i time Adm i n i strat i on's con t i nu i ng ,  
mul t i -year , traff i eab i l i ty program . The t rans i t s t o  the north Chukch i 
Sea were very suc c e s sful , but demons t rated a number o f  concern s . 
Specif i cally , the operat i o nal capab i l i t i es were l im i ted by fuel 
c apac i ty and by a lack of tac t i cal nav i gat i on equ i pment. Current 
sate l l i te i ce imagery ( NOAA/AVHRR ) ,  al though u seful for strateg i c  
plann i ng ,  i s  i nadequate for tac t i c al operat i o n s  ( F i gure 1-3). 

Al though operat i o nal capab i l i ty and needs of l ee-tran s i t i ng s h i ps 
have only recen tly been de term i ned through the Mar i t ime Admi n i strat i on 
Traff i eab i l i ty Program , the general f i nd i ngs of the Nat i onal Petroleum 
Counc i l's 1981 report rema i n  val i d: 

There i s  very reasonable expe c t a t i on that i ce-c apable ve s sel s 
can be bu i l t , powered , and o perated to ma i nta i n  rel i able 
year-ro und rateable� offlake from ports s outh of the Ber i ng 
Strait . Year-round tanker o perat i on to port s north of the 
Ber i ng Stra i t  can probably be established , but re l i ab i l i ty i s  
uncerta i n . 

Port fac i l i t i es north of the Aleut i an Islands are almo s t  non­
existent . The present deepes t draft fac i lity i n  the area i s  located at 
Prudhoe Bay; i t  ac commodates vessels of approximatel y  10 feet draft. A 
new c au s eway under con s t ruct i on at Nome w i l l  i ncre ase the port's 
ve sse l-draft capac i ty from 6 to 30 feet . Port fac i l i t i es are i nadequate 
to ac commodate i cebreaker tankers , should they be operated , and , as a 
re sult , s pe c i al deepwater (60 feet and greater ) mar i ne termi nal s would 
have to be bu i l t  further offshore . 

F i sher i es 

The Ber i ng Sea i s  one of the mo s t  produc t i ve f i shery reg i on s  i n  the 
world . In 1984 the to tal allowable c atch�� from the U.S. F i s hery 

�Rateable: suff i c i en t  operat i onal and cost expe r i ence ex i s t  to 
allow the e s tabl i shment of fre i ght rate s .  

��The to tal allowable catch off the Un i ted States c oas t equal s that 
taken and landed i n  the Un i ted States by U.S . f i shermen , that caugh t by 
u.s. fishermen and landed on fore i gn proces sors , and that caugh t by 

fore i gn ve s s e l s . 
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FIGURE 1-3 Coapar lson of current satell i te lee iaa&ery received aboard 
sh i ps ( left ) to that des i red ( r i &ht) . Althou&h the Landsat data base 
l s  saaller than e i ther the SMKR and AVHRR , Lands at has been aore useful 
bec ause of i ts  better resolut i on. Several indus try proj ects , sponsored 
by the Alaska Oil  and Gas As soc i at i on ,  have used Landsat i .. &ery 
eztea1 lvely and other s tudies  h ave used i ts laa&ery as 1upport ln& 
i nformat i on ( i . e . , locat ln& lee floe1 , lead1 , etc . ) .  

Conservat i on Zone* ( the PCZ parallels the BIZ) l n  the Ber ln& Sea aad 
the Aleut i an Island• was set at about 2 alllloa aetr l c  ton1 : U . S .  aad 
forel&n c atche1 for that year for the ent i re Un i ted States BIZ were 
about 5 alll l on aetr lc tons . In addit ion to commerc i al f i sheries ,  a 
s l&nlf lc ant port ion of the world ' s  aar l ne aammal populat ion• l i ve l n  

*The F i shery Conservat i on Zone was establ i shed by the Ka&nuson 
Pl sbery Con1ervati on and Kana&eaent Act of 19 7 6  (MPCMA). It eztends 
from the 1eaward boundar le• of tbe terri tor i al sea ( 3  naut i c al ailes 
fro• 1bore ln ao1t ca1es) to 200 ai les froa shore . 
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the Ber i n& Sea . The i r  predator-prey i nterac t i ons wi th f i sh and 
paras i te-hos t  relat i onsh i ps are larsely unknown . The extent to wbieh 
these populat ions c an or should be maintained at the i r  present levels 
is a quest i on whose answer is dependent upon addi t i onal sc i ent i f i c  
i nfo�at ion and the development of a consensus of our soc iety ' s coals . 

The Ber i n& Sea i s  of maj or importance for ROAA i n  e arry i ns out i t s  
role t o  sather data and d i s semi nate informat ional product s  t o  the 
f i shins i ndustry and f i sher ies  manasement asene i e s . Data and services  
needed include weather foreeas t i n& and envi ronment al parameters for 
asses s i n& f i sh stocks and manas i n& the f i sher ies . 

RWS forecast services are e s sent i al to f i shermen , who need a h i &her 
dens i tJ of weather observat ions in  f lsh i n& areas , foreeas t i n& for 
smaller areas , and improved di s s emi nat i on . S i &n i f i c ant improvement ln 
short-t•� synopt ic  weather forecasts  requ i res  more data . These data 
came larsely from sh ip  reports ,  but s i nce there ls l i ttle commerc i al 
and mil i tary sh i p  traffic  i n  the eas tern Ber i n& Sea ,  the data base l s  
min imal ( F i sure 1-4 ) . P i she�en also need lee pred i c t ion c apab i l i t i e s  
for the medlwa te� ,  days t o  weeks . For example , preparat ion and 
trans i t  to part i c i pate in the herr i n& f i shery ln Tos l ak Bay in 1985 
i nvolved a lone per i od of uncert a i nty for several hundred part i c i pants  
bec ause of unusual lee cond i t i on s . In th i s  part i cular f i shery , there 
also ex i st s  the potent i al for a maj or d i s aster should i ntense s to�• 
occur dur i n& the trans i t  of small ves sels from False  Pas s to To&i ak .  

F i sh i n& prac t i ces  and mann l n& levels preclude s ubm i s s ion of 
detailed weather reports in the no�al sh i p  report i n& format . However ,  
data acc e s s  and availab i l i ty c ould be enhanced by cons iderat ion of 
alternat ives to current report in& methods , such as the followins : 

• S impl i fy report in& systems to provide wider part i c i pat i on bJ 
smaller f l sh i n& vessels . 

• Increase use of remotely sensed dat a ,  such as mi &ht be relayed 
from tran smi tters mounted on ves sels , and/or more data buoJ•· Data 
collect ion v i a  satell i te teleme try from buoys or i nstrumented f i sh l n& 
ves sels would not be l imi ted by cloud coverase and c ould provide a 
source of "&round truth" to compare to satell i te-borne sensor data . .  

• Requ i re certai n  f i sh i n& ves sels--such as fore i sn factory shi ps 
and f i sh i n& ves sels wi th larser c rews--to subm i t  weather data as a 
cond i t i on of the i r  f i sh i n& pe�i t :  t ime ,  pos i t ion , a i r  and water 
temperature , wind d i rect i on and veloc i ty , solar rad i at i on , s al i n i tJ ,  
and surface current . Sh i p  pos i t i ons could be coded , i f  the operators 
do not wi sh to broadcast to the world where the f i sh are . 

F i sh i n& data could also be c ollected bJ fore l sn vessels , ineludin& 
preproces sed acoust ic records ; sear ae t lv l ty such as trawl t imes , 
depths , and warp tens ion ;  and ve s sel operat i ons var i ables such as 
vec tor veloc i ty ,  roll , pi tch , and loadins . S i nce a larse number of 
fore i &n ve s sels have U . S .  obse rvers aboard , so .. kind of manual data 
entry could be provided . All of th i s  could be acces sed throush 
s atell i te data readout to provi de real-t ime info�at i on .  

Predi c t ions of occurrence , d i s tribution , abundance , assresat ion , 
and misrat i on of f i sh are the maj or fac tors con s i de red ln  manasi n& a 
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FIGUIB 1-4 The dena i tJ of BJDopt i c  sea-surface t .. perature reports ,  
baaed on s h i p  1urface ob1ervat i ona , Deca.ber 1-15 , 1985 . SOUICB : 
Mat ional Kar in• F i sher ies SerY i c e  and u . s .  MaYJ Fleet Mu.er i c al 
OceanosraphJ Center . 

f i sherJ . These as s e s s  .. nt• i nclude quant i tat i Ye meaaur ... at of 
pred i c t i on parameter• , tosether wi th an under1tand i n1 of f l ab behaYlor 
i n  order to e s t imate the aYa l l ab i l i tJ of f l 1h to f l ah l ns sear . Lons­
ranse e s t imat ion of natural ( enY i roa.ental ) fluctuat ions of f i sh 1 toct• 
are al1o requ i red to proY ide quant i tat lYe su ldance about J•ar-to-Je&r 
and 1eaaon-to-•ea1on Yar l at lona . 

The data dea&ndl and analJt i c al produc ts requi red to support 

f i 1her l e •  manase .. nt d..and rap i d  deliYerJ of f i ne-1cale data product• 
related to f i 1h concentrat l ns .. chan l  ... , 1uch as water m&l l boundar i•• 
and loc al upwall i ns pattern• . Pr ior i tJ needs include data model • that 
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succes s fully predi c t  abort- to medium-ranee transport and water column 
s tructure . An effort to analyze wi nd pres sure f i elds i n  the Arc t i c  and 
to provide synopt i c  predic t i on of  transport turbulence would also be of 
s i sn i f icant value i n  s tudyins the c auses of--and ult imately , pre­
d i c t i ns--var i at i ons in s tocks . Yet , a s isn i f i c ant constraint to f i shery 
develo�nt in Alaska is the l ac k  of focus of maj or envi ronmental 
s tudies . 

Present s tock as ses sment i n  U . S .  arc t i c  waters for spec ies  other 
than shr imp , hal ibut , herr in& , and salmon i s  baaed on catch i nformat i on 
from direct f i sh ins surveys and data from the fore i sn observer prosraa . 
The prosram i s  presently funded e i ther d i rectly by fore i sn i nterests  or 
by f i ah i ns fees . As fore i sn f i sh i ns is phased out and replaced by 
dome s t i c  f i ah i ns ,  the val i dat i on and collect i on of c atch data for 
several s pec ies  wi ll be d i f f i cult to accompl i sh wi th pre sent f i nanc i al 
resources .  

The manasement of arc t i c  f i shery resources i s  compl i c ated by the 
common property nature of the re source . The f i sh are publ i c  property , 
but they are not bousht and sold by bid , such as i n  o i l  and cas or 
fores t  product product ion or harves t ins . F i sh do not become pr ivate 
property unt i l  they are captured and brousht aboard a f i sh i ns ves sel . 
Therefore , f i sheries  manasement i s  based on allocat i on of available 
stocks amons f i shermen . Wh i le the FCKA requ i res  that manasement 
alloc at i on s  provide the best  bene f i t  to the nat ion , data on costs and 
benef i t s  senerally do not exi s t . For the near future , allocat ions will 
probably re s t  on revenue e s t imate s , adj us ted by economi c mult i pl iers to 
est imate benef i t s . Th i s  proces s  will requ i re that NOAA collect and 
analyze economi c i nformat i on from the f i ah i ns i ndustry . 

ARCTIC RISBARCH AND COOPIRATIVI EFFORTS 

Arc t i c  Kar i na Research 

The relat ionsh i p  between the research commun i ty and ROAA i s  a 
two-way channel : both ac ademi c and industr i al s c i en t i sts  c an and do 
provide many of the data product s  from bas i c  and appl ied research 
archived by ROAA . Furthermore , substant i al un ivers i ty and pr ivate­
sector arct i c  mar i ne envi ronmental research has been funded by ROAA i n  
the pas t . 

ROAA-suppl ied meteorolos i c al and oceanosraph i c  data are important 
to effect ive plann i ns and s afe and produc t ive operat ions i n  arc t i c  
mar i ne re search effort s . Real-t ime satell i te i c e  informat i on i s  
particularly cruc i al t o  arc t i c  f i eldwork . Researchers c an obtain such 
i nformat i on throush the Geophys i cal Ins t i tute at the Un ivers i ty of 
Alaska . Ice analys i s  of the Ber i ns , Chukch i ,  and Beaufort seas i s  
available i n  hard copy from ROAA ' s Anchorase off ice . 

Arch ived data needed by re searchers i nclude h i s to r i c al weather 
observat ions and stat i st i c s  for s pec i f i c areas at s pec i f i c  times of 
�ear , s�optic aual�ses of surface aud upper-atmosphere data , and mapa 
showin& .onthly var i at i ons i n  sea-surface levels . Lone t ime-aeries  of 
oceanosraph i c  i nformat ion are part icularly c r i t i c al to underatandin& 
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current trend• and •• ••• • l ns lons-tera effect• of Jear-to-Jear cllaatle  
var i ation• on  phya l cal and b lolos lcal res l .. • and to  developl ns and 
ver l fy l ns modela . Data needed bJ the NOAA aupported Sea Grant Prosram 
alto requi re pr imar i ly arch ived data : the Un lvera l tJ of Alaaka Sea 
Grant Kar l ne Advl aory Prosram Ul81 IUCh data ln l t 1  res lonal tralnln& 
operat lona . 

Amon& the data produc t• avai lable from NOAA bJ aubacr l ptlon or 
request , s ome  of the moat uaeful are weekly lee mapa , monthly and 
annual cl imatolos lcal data , loc al cl lmatolos ical data publ icat ions , and 
sea-surface temperature analyse• and anomal lea . NOAA d l s seml natea l ta 
products ( on mi crof i che or hard copy ) throush federal and atate 
channels ,  such as NWS , the Nat ional Cl laat i c  Data Center ( NCDC ) , and 
the Alaska Cl imate Center . 

The Un i vers i ty of Alaska ' s Arc t i c  Envi ronmental Inforaat ion and 
Data Center ( ABIDC) in Anchorase provide•  i nfor.at i on and referral 
servi ces and operate• the Alaaka Cl imate Center . I t  maintain• a 
coas tal b i bl i osraph l c  data baae and an Alaskan current research data 
bate . ABIDC mai ntains a close worki ns relationah l p  wi th NOAA , althoush 
they prov ide d i fferent data and i nformat ion serv i cea . ABIDC ' • Alaaka 
Cl laate Center provides aany free serv i ces , auch •• NCDC reports and 
weather maps , whereat local NOAA serv i ces emphaa ize aar lne rather than 
cl imate i nformat ion . ABIDC i 1  alto wr i t ins a nat ional plan for an 
arc t i c  i nformat ion and data network , under a srant froa the Nat i onal 
Sc i ence Foundat ion , •  i n  reaponse to the Arc t i c  Re aearch Comai s a l on ' • 
recommendat i on• . 

The Arct i c  Data Buoy Prosram hal provided eztena ive data on aea- l ce 
motion and atmospheric  preasure ( Unters te lner and Thorndike , 1982 ) , 
wh ich are arch ived at the Nat i on al Snow and Ice Data Center ( NSIDC) l n  
Boulder , Colorado . A planned arc t i c  buoy prosram ( 1986 ) will continue 
to provide theae data , wi th a sreat poten t i al for produc i ns larse 
volume• of useful i nfor.at ion . 

A very dea i rable data set currently avai lable i s  photosraph lc  
qual i ty imasery , wh i ch i 1  much better than the hard copy obtained 
throush telephone l i nes . NOAA imasery i 1  prepared l n  Fai rbank• and 
archived i n  the Univers i ty of Alaska ' s Geophya lcal Ins t i tute . Reaearch 
s c ient i sts  us i ns these photosraphs bel i eve th i s  capab i l l tJ l s  important 
because ita ready acceas ib i l i ty and h i &h qual i ty makes the lmasery very 
uaeful for research interpretat i on . 

Strates i c  as aessment data atlases cover ln& the Ber ins , Chukchi ,  and 
Beaufort sea• will be avai lable i n  1986 , and for the Gulf of Alaaka bJ 
1988 , prepared by the NOS Ocean Aasea a .. nt D iv l a lon . 

NOAA has a role i n  both the conduct and aupport of mar ine research . 
Dur i n& the early plann i ns phase s  of the outer Con t i nental Shelf 
Env i ronmental As aes sment Prosram ( OCSIAP ) , NOAA waa delesated the aaj or 

•Nat ional Sc ience Foundat i on Grant DPP85-16409 . The comai s a ion l s  
author i zed by the Arct i c  Reaearch and Pol icy Act o f  1984 to overaee the 
activit i e a  of the interasency commi ttee and to make recommendat ion• on 
plann ins . 
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role for Alaska through an interagency agreement wi th the Bureau of 
Land Management ( BLK) . The BLM was respons ible for f i nanc i al support , 
but NOAA de s igned and executed the research . The program produced 
valuable informat ion on cont i nental shel f systems off the Gulf of 
Alaska , the Ber i ng Sea , and the Beaufort Sea , wi th s ome work on the 
Chukch i Sea added later . 

The NOAA-OCSBAP Arc t i c  Proj ect Off ice  at the Un ivers i ty of Ala1ka 
maintained an i ntegrated program wi th good log i s t i c  support for most of 
the t ime that NOAA was respons ible for the program . The OCSBAP program 
markedly advanced the understand i ng of Alaska ' s mar i ne ecosystema ; 
however ,  as the level of support haa decreased over t ime ,  progres s  i n  
the acqu i s i t ion o f  basel i ne data has slowed apprec i ably . 

Nat ional , Internat i onal , and Industr i al Cooperat ion 

The nat i on ' s forecast i ng c apab i l i ty depends on commun i c at i ons 
c i rcuits  and large central computer data proces s i ng and model i ng centers 
operated by NOAA , the Navy , and the Ai r Force . The s e  computer centers-­
loc ated respectively at Su i tl and , Maryl and ; Monterey , Cal i forn i a ;  and 
Omaha , Nebraska--are l i nked , and rout i nely share data and products . In 
turn , NOAA ( Nat ional Weather Service ) i s  l i nked wi th the World Meteoro­
log i c al Organ izat i on ' s  Global Telecommun i cat i ons Sys tem ( GTS ) , allowi ng 
for the trans fer of meteorolog i cal and mar ine data throughout the 
world . These l i nks are es sent i al to the operat i on of reg ional forecaat 
centers . D i s semi nat ion of NOAA data and products  between the centers , 
reg i onal off ices , and users i s  accompl i shed by personal commun i c at i on , 
telephone , teletype , mai l , GTS , telecopier , Automated F i eld Operat i ons 
and Serv i c e s  ( AFOS ) , and fac a imile  ( FAX ,  DIFAX) . 

The advent of remote envi ronmental sens i ng us i ng s atell i te •  has 
induced i nteragency and i ntergovernmental cooperat i on in shar i ng and 
manag i ng the enormous volume of data and informat ion available . 
State-of-the-art computers are the only prac t i c al way of accompl i s h i ng 
th i s ,  and agenc i e s  are l i nki ng the i r  computer and s atell i te data 
gathering sources .  Examples of  the j o int use of c apab i l i t i es are the 
Shared Procea s i ng Program, the NOAA/Navy Oceanograph i c  Data Di ltr ibu­
t i on System ( NODDS ) ,  and the Navy/NOAA Jo int Ice Center ( JIC ) . 

The Shared Proces s i ng Program Development Plan ( OAO Corporat ion , 
1985 ) outl i nes  how the three pr i nc i pal government users of s atell i te 
data--NOAA , the Navy , and the Ai r Force--intend to process  and use the 
data from env i ronmental s atell i te s . ( Th i s  plan i s  d i scus sed further i n  
Chapter 2 . ) 

NOAA prov ides  a var i ety of unclas s i f i ed data produc ts to government 
and commerc i al users on an operat i onal bas i s . NODDS , located at the 
Fleet Naut i c al Oceanography Center ( FNOC ) in Monterey , Cal i forn i a ,  waa 
des i gned us i ng PNOC computer components for data acqu i s i t ion ,  transfer , 
convers ion , and d i s tr i but i on to user• i n  near real-t i.. . NODDS data 
products  are s tored on a PDP 11/60 mi n i coaputer for access  by the user 
on an "on-demand" bas i s . The user may access  the sys tea over a publ i c  
packet swi tch i ng network ( TYKNKT ) o r  through d i rect telephone l i ne 
connec t ions to the PDP 11/60 computer .  
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NODDS evolved from the Satell i te Data D i s tribut i on sra tem ( SDDS ) , 
wh i ch waa or l s l nally es tabl i shed so commerc i al user• could receive 
SEASAT data l n  real-time throush FNOC ' s computer and comaun l cat lona 
fac i l i t ie s . After 3 months , the SBASAT s atell i te fai led l n  October 
1978 , and SODS was ter.lnated l n  1982 . Rather than let th l a  system' s 
capabil i ty s i t  idle , the Navy chose to subst i tute some of the i r  
unclas s i f i ed oceanosraph ic and meteorolos ical products for the SEASAT 
data , such as the br l shtne s s  temperatures from the acann i ns multi­
channel mi crowave rad l o  .. ter on NIKBUS-7 .  

Oceanosraph ic products avai lable from the NODDS i nclude two­
dimens ional wave spectra ( enersy aa a func t i on of frequency and 
d i rec t i on ) , as well as der ived a pectral products , such as s isn l f i cant 
wave he l shts , pr imary and secondary wave direct ions , pr imary and 
secondary wave products , and hor i zontal and vert i c al sea-surface 
temperature analysea . Keteorolos i c al products include on-l i ne analyses  
and forec as t s  up  to  120  hours for  standard f i elds such a1  surface wind 
apeed and d i rect ion , surface pres sure , and upper ai r pres sure he l sbt 
and temperature s . 

The JIC , wh i ch operate• l n  as soc i at i on wi th the u . s .  Naval Polar 
Oceanosraphy Center , provides  seophys l c s  off icers and aerosrapher ' •  
mates to mon i tor l ee condit ions i n  both the Arc t i c  and the Antarc t i c . 
NOAA provi de s  a small complement of c iv i l i an techn i c al personnel ( l ee 
forecaster/ analys t ,  lee analys t /meteorolos lcal techn i c i an ,  aatell l te 
photo-i nterpretat ion spec i al i s t , and computer prosrammer )  to as a l s t  l n  
analyz ln& and i nterpre t l ns s atell i te sensor data emanat l ns from the 
NOAA TIROS-N polar orb i t ins platforms and the DOD ' s Defenae Keteorolosy 
Sya tem Prosram ( DKSP ) . NOAA/NESDIS provides  a con t i nuoua flow of polar 
orb i ter data from the AVHRR senaors to JIC for analys i s . NOAA and the 
Navy j o i ntly prepare analys l a , forecasts , and other advi sory lnfor.at l on 
for use bJ the mi l i tary and the c ivil  sector . In the Arctic , JIC 
mater i als  are used as su ldance by the NWS Anchorase Porecaat Off ice . 
In the Antarc t i c , forecas ts and adv i sor ies  are occas i onally sent 
d i rec tly to users throush the Naval Telecommun icat i ons  system .  

The Arct i c  Reaearch and Pol l ey Ac t o f  1984 mandates lnterasency 
plann lns throush an Arct i c  Res e arch Pol l ey Commi ttee , and an l ntesrated 
budset for research concern ins the u . s .  arc t i c  lands and oceans l s  also 
requ i red . The Nat ional Sc ience Foundat ion serves &I the admin i s trat ive 
asency for the Arc t i c  Research Pol ley Commi ttee . 

The two pr imary i ce observat i on a atell i te sys tem• in  use today are 
NASA' s NIMBUS-7 scann ing mult i channel microwave rad i ometer ( SMKR) and 
the NOAA ( series ) advanced very h l &h reaolut lon rad i ometer ( AVHRR) . 
SMKR has the advantage of be l ns able to see throush cloud cover , but 
has the d i s advantage of very low resolut ion ( 25 km) . AVHRR lmaserr ha• 
much h i gher resolution ( 1 . 1  km) , but the sensors cannot penetrate 
clouda . 

Government and pr ivate analyst• use the two types of imagery 
tosether to produce the best  poa s lble l ee charts . Satell i te obaerva­
t ions are supplemented by aer i al reconnal a s ance fl l &hts for c r i t i cal 
areas , such as the summer sea routes to Prudhoe Bay , and o i l  dr illln& 
operat ions l n  the Ber in& and Beaufort aeas . Reconna i s s ance fl l &hta are 
expen s i ve ,  but i ndi spens able to i ce forecaa t l ng under preaent con-
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d i t ions . Maintenance of ice mon i tor ing data already archived by NOAA 
( SDSD) and ready access  by users reque s t i ng them wi l l  provi de a useful 
service to mar ine interests  operat ing on arc t i c  seas . 

Add i t i onal l ee data could be acqui red ; for example , the u . s .  Navy ' s 
GBOSAT , l aunched l n  Karch 1985 , i ncludes a satell i te alt imeter that c an 
accurately detect the pos i t ion of the sea- i ce marg i n . It covers 1 2 •  s 
to 1 2 •  N l at i tude , wh i ch i nclude s Alaskan waters of interest to the o i l  
i ndus try . However ,  there are two d i f f iculties  i n  making these data 
useful to the publ i c : ( 1 )  some of the GBOSAT data are clas s i f i ed ,  and 
( 2 )  due to proces s ing requ irements , the inforaat ion cannot be read i ly 
available to the publ ic , i n  a useable foraat , wi th i n  6 hours or less of 
the t ime of data acqu i s i t ion .  A 6-hour proces s ing per i od i s  compat ible 
wi th other data used in forec as t i ng ; any longer would degrade forecast 
qual i ty .  NOAA is worki ng wi th the Navy to overcome these cons traints  
in the followi ng ways : 

• The clas s i f i ed data related to strateg i c  requ i rements wi ll be 
str i pped from the data s tre am .  

• The unclas s i f ied data will  be made available to NOAA through 
FNOC . 

• The process ing i s sue i s  be ing addres sed by NOAA . 
• GIOSAT wind speed and s i gn i f icant wave he ight data will be 

made avai l able through NODDS . 
• The Navy i s  cont i nuing the development of the ice algor i thm . 

A second ice  i nfor.at ion source , due to be launched in  1990 , i s  
synthet i c  aperture radar ( SAR ) data from the European Space Agency ' s  
Remote Sens i ng Satell i te ( IRS-1 ) .  SAR sensors comb i ne h i gh resolut ion 
( 25-40 m) wi th the capab i l i ty to penetrate cloud cover . The mai n  
d i s advantage to SAR i s  i ts extremely h i gh data acqu i s i t ion rate , wh ich 
precludes onboard data s torage . Data must be rece i ved on the ground i n  
real-t ime , and proces s i ng i s  extremely complex and t ime-consuming . 
NASA i s  develop i ng a h i gh-speed proces sor des igned to process  SAR data 
to full re solut ion in near real-t ime . Also , NASA i s  plann ing to i ns tall 
a rece iver at Fai rbanks , Alaska , to acqu i re BRS-1 data coverage of the 
Ber i ng ,  Chukch i ,  and Beaufort s eas . NASA ' s mi s s ion i s  pr imar ily 
research ori ented , wi th no prov i s ions to make the data publ i cly avail­
able wi th i n  a t ime frame useful to  forec as ters . There i s  a clear need 
for a NOAA-operated proces sor at the Fai rbanks fac i l i ty to prov ide 
government and pr ivate forecas ters with near real-t ime ( 6  hours or 
les s )  ice i nforaat ion . Th i s  i nforaat ion should be arch ived for future 
cl imatolog i c al s tudies . 

Landsat s atell i te images of ice  cover are another i c e  data source , 
as di scus s ed later i n  th i s  chapter . Real-t ime imagery i s  available 
through the Un ivers i ty of Alaska , wh i ch operatea the nat ion ' s only 
Quick-Look Landsat fac i l i ty .  The Landsat images are par t i cularly 
useful for h i gh-resolut ion s tud i e s  and forecas ts  of local cond i t ions , 
lee  mot i on ( e . g . , shorefas t i c e , i ce i n  the Ber i ng Strai t and other 
shipping channels ) . However ,  the Landa at services  are avai l able for a 
very l imi ted per i od ,  about three pas ses per week at th i s  t ime . NOAA' s 
G i lmore Creek tracking stat i on provi des the ground l i nk to the 
un ivers i ty and s tores extens i ve Landa at imagery dat i ng back to 197 2 . 
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DEFICI ENCIES AND PROBLEMS 

The shortcomings of current arc t i c  envi ronmental data systems tend 
to fall i nto two general categor i e s : acces s ib i l i ty of ava ilable data 
and completeness  of the data base . The extent of def i c ienc i e s  in the 
actual data base i s  not clear , because i n foraat i on on arc t i c  and 
subarc t i c  s eas i s  not exten s i ve compared wi th other reg ions . Never­
thele s s , the b i ggest  problem i s  acces s i b i l i ty .  

One overr i d i ng observat i on became apparent early i n  the course of 
the study : a user must  often contact  several NOAA off i c e s  or f i eld 
operat i on s  to obta i n  i nformat i on . Some arc h ival data i s  avai lable i n  
Alaska , but much o f  i t  i s  arch i ved--accordi ng to source ( part icular 
s ensor platforms ) or by d i s c i pl i ne-- i n  the Wash i ngton , D . C . , area 
( Nat i onal Meteorolog i c al Center , Jo int  Ice Center ) , Boulder , Colorado 
(World Data Center-A for Glac i ology) , and Ashev i lle , North carol i na 
( Nat i onal Cl imate Data Center ) .  

Lands at informat i on i s  les s  frequently used i n  oceanography than 
NOAA' s AVHRR because Landsat data are not avai l able through NOAA for 
arc t i c  operat i ons except under very l imi ted cond i t i ons . Users 
currently mus t  forgo mean i ngful access  to Lands at and the French SPOT* 
program bec ause of cost and lack of rec e i v i ng and process i ng fac i l i t i es 
for real-t ime data d i s seminat i on . 

Current transportat i on res earch aboard the POLAR Clas s i cebreakers 
i nd i c ates a need for tac t i c al-type data to support nav i gat i on through 
i ce . In 1983 , real-time satell i te i ce imagery was rec e i ved aboard 
i cebreakers for the f i rs t  t ime .  Yet , i cebreaker operators s t i ll 
rec e i ve the weekly and 30-day i c e  forecaat charts by mai l  dur i ng the i r  
4 - to 6-month tr i ps to the Arc t i c . These charts would be more valuable 
( i . e . , t imely ) if  they were sent by fac s imi le or other system . 
However ,  fac a imi le qual i ty ( tran smi tted from Kod i ak)  degrades qu i cklJ 
the farther north it i s  sent , and becomes poor to nonex i stent in the 
vic i n i ty of Cape L i sburne and Wai nwr i ght . Furthermore , transmi s s i ons  
would be  improved by : 

• use of Merc ator proj ect i ons , i n s tead of Gnonomi c , to show 
weather far ther wes t  and northwe s t  of Po int Barrow ; and 

• transmi s s ion of forecast s  at 1000Z , ** i n  add i t ion to the 
2200Z , so that informat ion i s  ava ilable by f i rst  l i ght . 

*SPOT , Satell i te Pour l ' Observat i on de la Terre , i s  a French 
remote-sen s i ng commerc i al satell i te ,  launched February 21 , 1986 . 
Northern l at i tude receiv i ng s tat i ons  are located at K i runa , Sweden ; and 
Pr i nce Albert , Saskatchewan , and Gat ineau , Quebec , Canada . SPOT 
provides  10-m ground resolut i on i n  panchromat i c  and 20-m i n  the 
mul t i spec tral mode ; two instruments mounted vert i c ally cover a 117-km 
track width . D i rec table mi rrors allow for acqui s i t i on of scenes up to 
2 7 •  from the vert ical ( providing three-d imens i onal perspec t i ve ) . SPOT 
acqui s i t ion opportun i t ies  at 6 6 •  N lat i tude are 20 v i s i ts i n  2 6  daya . 

**Z : Often c alled "Zulu" t ime ,  or net GMT ( Greenwi ch Mean T ime ) . 
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The importance of remotely sensed l ea imagery to future l ea 
navigat i on has been c i ted by Br i gham and Voelker ( 1985 ) . The i r  report 
notes that d i rec t l ea imagery , rece ived froa a s atell i te ,  during the 
U . S .  Coast Guard icebreaker tran s i t  from the Ber i ng Sea to Wai nwr i ght , 
Alaska , i n  1983 , proved the " s trateg ic"  appl i c at i on of real-t ime , 
low-resolut i on imagery . In the future , enhanced , h i gh-resolut ion 
systems such as s atel l i te and a i rcraft synthet i c  aperture radar will 
aid tac t i c al support to icebraak l ng vessels throughout arc t i c  s eas . 

Data acces s i b i l i ty presents problems for academi c research 
plann ing , because the high cos ts  of data retr ieval are often beyond the 
means of academi c researchers . D i f f i culty in obt a i n i ng f i nanc i al 
support for long-term data acqu i s i t i on consequently l imi ts , and will 
con t i nue to l imi t ,  the data base . Soma research sc i ent i sts  have g i ven 
up try i ng to usa arch ived data from NOAA : ac ademic oceanographers tend 
to obtain data sets d i rectly from colleagues at the i r  own or other 
ins t i tut i on s . 

NOAA requi rements for arct i c  data are expected to grow wi th the 
add i t ion of new satell i tes  and sensors . In the next 5 years , data 
volume and proces s i ng requ irements from more soph i s t i cated satell i te 
platfor.s wi ll i ncrease . The Shared Proces s ing Program l s  a key 
element in opt imi z i ng mult i -agency flow of these data . A NOAA 
commi tment to provide f inanc i al support i s  needed to assure t imely 
implementat ion of the program and cont inued agency coordinat ion . Tba 
program c alls for a NOAA Canter of Expert i se for d i s tr ibut ion of 
spec i f i c  data produc ts to be operat ional in September 1988 . 

Among future planned satell i tes , i t  would be h i ghly des i rable to 
obtain DKSP data through NOAA . Th i s  system has a pas sby frequency of 2 
to 4 t imes each day , and wi ll provide useful sea- i ce imagery . Thera i s  
also a need for h i gh-resolut i on radar sea- i ce imagery--for th i s , a 
readout stat ion i n  Fai rbanks for the KRS-1 satell i te wi ll be most useful 
and wi ll prov ide the necessary l ink to comb ine data sets for all Arct i c  
ocean areas . 

The data base for meteorolog i cal i nformat ion and forecast ing has 
maj or l imi tat i ons : 

• The number of weather report ing stat ions--par t i cularly i n  the 
Ber i ng Sea , the northwest Alaskan coast , and the arc t i c  coas t-- i s  
insuff i c i ent . The number of weather observat ions along Alaska ' s 
wes tern coas t dimi n i shed s ign i f i c antly l n  the past year . Mi l i tary 
bases that used to take dally observat i on now only taka weather 
observat i on s  when they expect ai rcraft . Further , replacement of soma 
20 manned stat i ons by automat ic  stat i ons has resulted in  a los s  of much 
h i s tor i c al data , due to the h i gh cost of data retr i eval . A f i rst-order* 
meteorolog i c al s tat i on at Prudhoe Bay was f i rst  recommended in 1969 by 
the Federal Avi at ion Admi n i s trat i on and the Federal F i eld Commi ttee , 
and most recently at a publ i c  workshop on NOAA services  held i n  
Anchorage i n  1984 . I t  has not yet bean real i zed . 

*A f i rs t-order meteorolog ical stat i on makes observat i ons on a 
24-hour bas i s  and reports to a synopt i c  schedule ( 4  t imes per day ) . 
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• Data from Summar iea  of Synopt i c  Meteorolog i c al Observat ion• 
( SSMO ) are probably b i ased toward les a  severe weather becauae they are 
developed pr lmar l ly from sh i p  report ing , and ( 1 )  ah i ps try to avold bad 
weather cond i t ions , and ( 2 )  there l s  l imi ted ship  traf f i c  l n  the Ber i ng 
Sea . The SSMO , provided by the U . S .  Naval Weather Service Coaaand , i s  
a data source for plann ing operat ions related to resource development 
in  the Ber i ng Sea . 

• Satell i te data and report i ng frequency often do not f i t  into 
the synopt i c  schedule for i ntegrat ion into forecasts . 

• Integrat ion of the se data i nto forecaat models wi ll requi re 
several years to complete and consol idate . 

• Global numer i cal forec ast model s  do not accurately pred i c t  
arc t i c  surface wind veloc i ty and other parameters needed t o  forecast 
sea- l ee dr i f t . 

• T i de levela have not been suff i c i ently def i ned on Alaska ' s 
wes te.rn coas t ; no water level record i ng un i t s are i n  place there . 

• An improved tsunami warn i ng network needs to be developed . 
Models do not presently i nclude ampl i tude , and the warn i ng sys tem needs 
to be able to provide for t imely alert . 

• Better understand i ng i a  needed of the causat ive relat i onsh i p  
o f  land , ocean , and ice temperature• on rapid changes in  atmospher i c  
pressure . 

• There i s  no syatemat ic  research on the phys i c a  and forcea 
dr iving sea i ce through the Ber i ng Strai t ,  Chukch i Sea , and along the 
Beaufort Sea . Wh i le observat i on s  have been made and theor iea  eatab­
l l shed concern ing forces  on i ce and the i r  effects , the results have not 
been useful for operat ional forecaa t i ng . 

• There i s  no understandi ng of the contribut i on of aolar 
rad i at i on and wa� water advect i on on the spr i ng retreat of the Chukchi  
ice pack , and there are no  data and analyses to  support development of 
forecast modela . 

• There are i nsuff i c i ent s i te-spec i f i c  data . The Navy-developed 
apectral ocean-wave model ( SOWK) for the Ber i ng Sea baa grid po ints  
that are wi dely spaced , and the chance of a gr id po i nt fall i ng close to 
a spec i f i c  loc at ion i s  low . Al s o , the SOWM model does not account for 
the effect of the Aleut i an Islands . 

• Although the research value and prac t i cal i ty of operat i ng 
meteorolog i cal buoys in  the polar lee pack has been proved , NOAA i s  
unable to t ake advantage of the technology for operat ional meteorology 
because of the d i ff i culty and cos t of i ntegrat ing data from buoy 
sensors i nto the NWS synopt i c  report ing aystea .  

NOAA' s requ i rements for certain long-term data are usually bes t  
collec ted through research conducted b y  ac ademi c i n s t i tut ions . Current 
government procurement procedure s ,  however ,  deter making long-te� 
arrangement• between un ivera i t l es and NOAA , and NOAA often cannot take 
advantage of academic reaearch capab i l i t ies . NOAA also doea not 
currently have the f inanc i al res ources  to carry out a maj or res�arch 
role in the Arct i c , so i ts overall impact on Alaskan ac ademic reaearch 
is minor . 
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Que s t i on s  al so can be rai sed resardi ns the re spon s i b i l i ty of ROAA 
for addre s s i n& soc ietal needs as well as user need s . For ezaaple , 
should NOAA provide lons-te� i nfo�t ion to predict  cl iaate chanse i n  
add i t ion to other inforaat ion that i s  needed by sc i ence? The arc t i c  
res ions are ezpected t o  respond t o  slobal wa�in& trends , and therefore 
mon i tor in& will be needed to produce advanced warn i ns data as wall as 
data needed to evaluate effects . 

Interasency cooperat ion and collaborat ion fos tered by the Arct ic 
Re search and Pol i cy Ac t of 1984 ( P . L .  98-173 ) aisht provi de a forua for 
addres s i n& such respons i b i l i t i e s . The ac t provide s  an ezcellent 
mechan i sm for coordinat i ns arc t i c  research act i v i t i e s  and handl ins the 
resultant data . 
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TECHNOLOGY FOR ACQUIRING , PROCESSING , AND DISSEKINATI»G DATA 

DATA REQUIREMENTS , SYSTEM CAPABILITIES , AND DEVELOPIIEIIT 

The i nforaat ion needs of the user commun i t ies descr ibed ln Chapter 1 
i n  seneral teras mus t  now be translated into quant i f i able para..ters , 
such as l ee edse pos i t ion ,  ice concentrat ion , lee type , wi nd speed , 
wave he isht , and frequency of observat ion . Very often , users ' requi re­
ments for a parti cular parameter--such aa floe a l ze--may vary a lsn l f i­
cantly and need to be related to a part icular appl i cat ion or funct i on , 
such as navi sat ion i n  i ce-frequented watera ( Hayes , 1985 ) . AI the 
technolosy prosressea , more and more para..tr l c  requ i re .. nta aay be 
accommodated by ref i ne .. nts l n  data producta . 

User requ i rement• have been seneral ized ln Chapter 1.  Tablea  2-1,  
2-2 , and 2-3 aummar i ze the most strl nsent requ i rement• for all maj or 
user sroupa ( der ived pr imar ily from Carsey et al . ,  1982 ; Lapp and Lapp , 
1982 ; and modi f i ed by add i t i onal i nforaat ion provi ded by the commi ttee 
and sovernment asenc i es ) . 

To enhance plann ins for the deployment and uae of aensor platfor.8 
and sensor s , c r i t i cal user requ i rement• can be aumaar lzed as tactical 
or strates l c : 

• Tac t i cal requ i rement• are close tac t i cal aupport ( up to 6 
hours ) and tac t i c al support ( 6  to 24 hours ) .  

• Strates ic  requi rements are atrates lc  support ( 1  to 5 daya ) and 
plann ins support ( 5  days or more ) . 

In the followlns aummary tables , c r i t i cal user requ i rement• for lee 
have been srouped by s trates l c  ( Table 2-1 ) and tac t i cal ( Table 2-2 ) , 
and both for ocean inforaat lon ( Table 2-3 ) . 

Remote-Sena l ns Syatema 

Satell i te Platforas 

Dur ins the next decade a atell l te ml a s ions for operat ional and 
reaearch appl i c at i ons will sather s lsn l f i c ant data aet in Alaaka ( NOAA , 
1985 ;  PIPOR , 1985 ) . The types of mi s a ion , key aensors , orb i ta , and 
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TABLI 2-1 Cri t i c al Stratesl c  Ice Iafor.at loa ... u l r  ... atl 

PariMtrl c 1tgu l r!Mpt1 Snc l f l c at ioa• 
TJPI Of tliraarouad 

Iafor.at loa Spat i al Repet i t ion of 

PariMter De1crlpt loa a ... u l recl Accuracr hlolutloa of eoverase Iafor.at loa 
( boar• > ( boar• > 

Bouaclarr/eclse OI , " Loc at i on 100 . 100 . 6 2 
TI Veloc l tr 1 lallclaJ l ka  2. 6 

TJPI OI , n ,  TI , t. bf area 51. 25 • 6 2 
ow 

Coaceatrat loa OI , " · TI t. bf area 51. 10 • 2• 6 

Tb l ckDe• •  OI , " · TI Bi ter• (a) 0 . 2  • 0 . 2  • 2. 6 

Laaclfa1t l ee OI , " Loc at ion <500 • 500 . 2. 6 

Ploe1 OI , " S l &e 10 • 20 • 12 3 
V.loc l tr 1 lallclaJ 25 • 12 6 

a telae• OI , " He l sbt <1 • 1 •  6 2 
Deal l tr 51. 20 • 6 2 
Or l eatat loa 10• 6 2 
Separat ion <20 • 20 • 12 2 
Tfpe n/OI 6 2 

Le&cll OI , TI Or l eatat l oa 10• 25 • 6 2 
t. area 2t. 20 • 6 2 
Wlcltb 25 • 25 • 12 3 
leparat loa <500 • 500 . 12 3 

Pre11ure OI , " Coaverseace Pol l t lve 2 ka  6 2 
l i sa 

Icebers• . Nl S i ze 5 .  10 • 6 2 
bersr b l t 1 , He l sbt 3 •  3 .  6 2 
srowler• Locat i on 20 • 100 . 12 3 

Ice hlucl Nl S i ze <20 • 20 • 12 3 
frqaeatl He l sbt <1 • 1 .  12 3 

Locat ion 20 • 100 . 2. 6 

Saow cover OD all lee fticltDe1 1  0 . 2  • 12 3 
tJPII 

Deterloratloa 01 , " t. Mltpoacll 51. 12 3 

Sarface 01 , " 10 • 10 .2 6 2 
cberacterh-
t i e •  

Aolcl lee , OI ; rl r•t rear , n; ftla l ee , T1 ; Opea water , ow; rre•lawater lee , Nl . 
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TABU 2-2 Su..&rJ of Crl t lc al Tac t l c al Ice Iafor.at loD ... u l r  ... atl 

latll!ttl c  l!gu l r!!!ntl lll!!iflUUUI 
TJpe of lepet l t loa Tunarouad 
lafor.at loa Spat ial of of 

Par ... ter Delcrl pt lona lequ l red &ccur&eJ lelolut loa coverqe Iafor.at loa 

Trpe 01 , " t. of area 21. 25 . CODt l DUOUI lDit&DtUHDI 

Conceatrat lon 01 , " · T1 t. of area 51. 10 • cont l auoul Ia1tutueos1 

Th l ctDe11 01 , " .. ter1 (a) 1 a 12 hr 2 Jar 

BouadarJieds• 01 , " · Tl llov ... at 1 blldaJ 1 kll Coa t l auou• In•tutueou 
Loc at loa 100 . 100 . 1 hr lDitUtUHDI 

Laadfa• t lee 01 , " Locat l oa 50 • 500 . 12 hr 2 ltr 

Flo•• 01 , " S l &e 10 .2 20 • Coat l auou• lDitutu-• 
D l rec t l oa 5 •  5 •  Coatl auou• In•tutueo•• 
Basa l tude 1 blldaJ 1 kll Coa t l auou• lDitUtUHDI 

Rlds•• 01 , " He l sht 0 . 25 1 •  Coat l auou• Ia1tutueou• 
Deal l tJ 5t. 20 • 12 hr <12 Jar 
Wldth 1 •  10 . 12 hr <12 Jar 
lteel depth 1 •  1 .  2• hr <2• Jar 
Trpe ft/01 10 • CODtl DUOUI Ia•tutueo•• 
Separat loa <30 • 30 • Coa t l asou• Ia•tutueo•• 

Lead• CN, Tl t. of area 21, .  20 • 3 hr 2 hr 
Wl dth 25 . 5 • COD t l DUOUI Ia1tutueou• 
Pattern 25 • 25 • 3 hr <3 ltr 
Separat loD <500 • 500 • COat l aso•• lDitutueo•• 

Prell are 01 , " coaverseace Pol l t lve 10 g2 3 hr 2 hr 
l l &D 

Icebers• ftll Locat loa 20 . 100 . Coat l a•o•• lDitUtUHDI 
llov ... at d l r . 5 •  5 •  1 hr <1 hr 
S l &e 5 .  5 .  Coatl a•o•• lDitutaDeODI 
He l sht <3 . 3 .  CODt l DDODI lDitUtaDHDI 

Ice h1aad ftll s he <20 • 20 • Coot l auoa• lDitUtUHDI 
He l sht <1 . l a  Coatl asou• Ia1tutueo•• 
Locat loa 20 • 100 . 12 hr 2 Jar 

laow cover OD all lee Tel/ao , 0 . 2  • 10 • Coat l DDODI l&lt&Dt&DHDI 
tJpel thl ctae•• 

Aold lee , 01 ; Plr1t Jear , ft ;  Thl D  lee , Tl ; Opea water , CN; Pre1hwater lee , ftll . 

maz imwa lat i tudes for approved or proposed polar orb i t ins aatell l te 
ml s a lons  are l l a ted ln  Table 2-4 . 

Ai rcraft Platform• 

Aircraft for obtal n l ns ice i nformat ion l n  Alaakan water• are 
operated by the u . s .  Navy , the u . s .  Coast Guard , the Canad i an 
Atmoapher l c  Envi ronment Serv i ce ( ABS ) , and by lndua try . Navy ai rcraft 
uauallJ have two l ee obaervera on board , aupported by a aearch radar . 
The ABS Electra , wi th a coaplement of four to f ive l ee obaervera ,  
supported by s ide-looki ns ai rborne radar ( SLAI) and a laaer profilo-
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TABLI 2-3 S...arr of Cr i t i cal Ocean Infor.at ion Requ i r  ... nts 

Par,..tric Reg u i r!l!ntt Par,..t r i c  Spec i f i c at i ops 
Repetition Tarnarowad 

TJpe of Spat i al of of 

Intor.at ion Accuracr Resolut i on Coverqe Iafor.at ioa 
Par .. ter Requ i red strates i c  Tact i c al strates i c  Tac t i c al Strates ic Tac t i cal strates i c  Tac t i c al 

Sea state He i sbt l a  0 . 5  • 50 g2 <1 . 6 br 1 br <6 br Iastaataaeoas 
Per i od 5 sec 0 . 5  sec 50 g2 50 g2 6 br 1 llr <6 br Iastaataaeoas 
D i rect i on -- 5• -- -- -- 6 br -- 1 llr 

Swell He i &bt - - <1 . -- <1 . -- <3 . -- «3 lar w ... 
Per i od - - •sa -- •sa -- <3 br -- « 3  br 

Wind Veloc l tr 1 al l  0 . 5  al l  100 m2 -- 6 llr 1 br <6 llr Iastaataaeoas 
D i rec t i on 20• 5 •  - - - - 6 br 1 llr <6 br Iastaataaeoas 

Surface Veloc l tr - - 0-0 . 25 al l  - - -- -- 3 br -- 1 llr 
current• ±5� 

Sea- turf ace • c  0 . 25 0 . 25 1oo m2 - - 6 br <3 br <6 llr «3 llr 
t_,.ratare 

.. S :  aot spec i f ied . 
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'Ulloa 2-4 &pproYed/Plaaaed Polar-orbltla& latelllte lllee loae 

Couatrr 

Ua l ted stat•• 

Europe 

Caaada 

Japaa 

rruce 

IIO'l'U :  A'IHU :  
AIISU :  
HIRS : 
SSIII/ I : 
8811/'l' :  
Ullll : 
SAil :  
DIIR : 
ftiR : 
DR: 
VIIIR: 

lll u loa/ Ka l a  Orb l t  ( Al t i tude ) / 
'l'Jpe Seaeore Kaal.ua Lat i tude 

NO.AA-Ser l e e /  A'IHU ,  AIISU ,  854 bl/ eua-
ope rat loaal HIRS IJDCbrODOUI 

DKSP SSIII / I  8 3 7  bl/86• • 
operat loaal SSII/'1' IUD-IJDCbrODOUI 

IIROSS-1 Radar alt l•t•r 130 bl/ eua-
operat ional ec atter- IJDCbrODOUI 

o.eter , SSIII I ,  
Lftllt 

C:BOSA'l' Radar al t l•t•r 800 bl/ 7 2• • 
operat ional 

BRS-1 SAil , vl ad 780 bl/82• • 
reeearcb ecatter- IUD-IJDCbrODOUI 

o.e ter , radar 
alt i•t•r 

BRS-2 SAil 
operat ional Vlad ICatter-

o.e ter radar 
al t i•t•r 

IWWlSA'l' SAil , I C atter- 1001 bl/ 76• • 
reeearcb o.eter , IUD-I JDCbrODOUD 

A'IHU ( SAil )  

.,S-1 DSSR , 909 bl/82• • 
ftiR , eua-apcbroaoua 
IISR 

JBRS-1 SAil , VIIIR 5 7 0  bl/ aua-
IJDCbrODOUI 

SPO'l'-1 832 bl/82• • 
eua-e pcbroaoua 

advuced verr b l &b reeolut l oa radlo.eter 
advuced alc rovave aouad l a& ua l t  
b l &b-reaolut loa l afrared radl atloa eoaader 
apec l al ••••or alcrovave/ laaaer 
epec l al eeaeor alcrovave/ teaperature 
low frequeacr alcrovave radlo.eter 
eptbetlc aperture radar 
ault l epectral electoa lc aelf-ecua l a& radlo.eter 
v l e lble ud tbe�l radlo.eter 
alcrovave ecaaala& radloaeter 
v l e l ble ud aear l afrared radloaeter 

Lauacb 
Date• c-..ate 

1985-1993 

1986-1993 

1989-1990 

1985 

1990 

1992 Propoeed 

1990 Pba•• 8 

1986 

1990 

1986 Laaacbed 

meter , provi des ice i nformat i on alone the northern shore of Alaska fro. 
June to mid-October . The ezi s t i ns i ce charts produced from data 
sathered dur i n& these ai rcraft surve i llance fl i shta are tranami tted to 
the ABS Ice Centre in ottawa and Jo int Ice Center ( JIC) in Sui tland , 
llaryland . 

Copyright © National Academy of Sciences. All rights reserved.

NOAA Information Services for U.S. Arctic Marine Operations:  An Assessment of Needs and Technology
http://www.nap.edu/catalog.php?record_id=19231

http://www.nap.edu/catalog.php?record_id=19231


33 

Sensors 

Of the sensors l i s ted in Table 2-5 , the mi crowave systems have the 
capab i l i ty to provide the most data ; they operate i n  nearly all weather 
cond i t i ons , day and n i sht . The two sensors used for ice operat ions are 
the pas s ive mi crowave radiometer ( PKR) and the synthe t i c  aperture radar 
( SAR) . The scatterometer data acqui s i t ion c apab i l i ty ,  when used i n  
i ce-frequented waters ,  has not yet been fully explored . Lasers , whi ch 
are operated from ai rcraft , provide roushnes s  prof i les  of the i ce . 
Useful i nformation can also be obtai ned from v i s ible and infrared 
sensors . 

ror open water cond i t i ons , the scatterometer , alt imeter , and 
pas s ive mi c rowave radiometer provide the bulk of the operat ional data 
potent i ally avai lable from satel l i tes . Table 2-5 l i sts  the mai n  
character i s t i c s  o f  these sensor s , and Table 2-6 provides an i ndicat i on 
of the i r  l imi t s . 

Data Requi rements and Satell i te Platform/ Sensor Capab i l i ties  

Table 2-7  compares the cr i t i c al user requ irements wi th the 
platform/ sensor capab i l i t ies , wh i ch are characteri zed 

• ( I )  be i ns establ i shed ; 
• ( P )  potent i ally useful ; 
• ( R) feas ible , requi r i n& research ( R) ; and 
• ( llr )  l imi ted . 

To obtain Table 2-7 , Tables 2-1 to 2-6 were used to make a j udsment 
based on the availab i l i ty of technolosy over the next 10 years . S i nce 
no new technolosy or i ncrease in the number of platforms is ant i c i pated 
over th i s  period beyond those l i sted , the as ses sment should be 
reasonable . 

It  i s  c lear from exami n i n& Table 2-6 , that the SAR satell i te sensor 
shows sreat potent i al .  Its l imi tat ions primar i ly relate to tac t ical 
requi rements , the lack of frequency of satell i te coverase , and turn­
around t ime . To sat i s fy these very strinsent requ i rements would 
requi re several orb i t i n& SAR s atell i tes and extens i ve data proces s i n& 
fac i l i t ies . The pas s ive mi crowave radiometer data are pr imar ily 
l imi ted by resolut ion . ruture senerat ions of rad i ometers mi &ht reduce 
the resolu t i on to 100 m, from 1 5  km available today . However , thi s  
c apab i l i ty i s  not expected to be operat ional i n  the t ime frame under 
cons iderat ion . 

Prom a tac t ical viewpo i nt , data and i nformat i on deri ved from 
satell i te sensors appear very l imi ted , wh i le the ai rcraft sensors show 
s isn i f i cant  promi se . Spec i f i c ally , the complementary characteri s t i c s  
o f  the SAR and PKR sensors provi de syners i s t i c  performance advantases .  

Por ocean appl i c at i ons , the useful satell i te sensors are pr imar i ly 
the PIIR , s c atterometer ( SCAT ) , and alt imeter ( ALT ) . The alt i

'
meter i s  

particularly useful for prov i d i ns some surface ver i f i cat ion o f  wave 
he isht der ived from wi nd fields . In resard to sen s i ns wi nds , the PKR 
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TABLI 2-5 Sen sor Charac ter i s t i c s  

Spat i al swath Scann i n& Inc i dent 
Name Acronya rrequencr Resolut i on Width llode All&le 

Wind scatterometer SCAT 13 . 995  GHz 25 ka 1200 lal ,  wi th Cont i nuous 

300-lal 
hole at 
center 

Radar alt iaeter ALT 13 . 5  GHz 30 ka -- Cont i nuous Nad i r  

Pas s ive •icrowave SSII/ I 19 . 35 GHz H&V Pol . 70 z 45  lal 1394 lal Con t i nuous 53 . 1  
rad iometer 22 . 23 5  GHz V Pol . 60 z 40 lal 1394 lal 53 . 1  w • 

3 7 . 0  GHz H&V Pol . 38 z 30 lal 1394 lal 53 . 1  
85 . 56 GHz H&V Pol . 16 z 14 lal 1394 lal 53 . 1  

Advanced verr h i &h AVHRR/ 2 0 . 58 - 0 . 68 • 1 . 1  ka 
resolut ion o .  785 - 1 . 10 • 1 . 1  ka 
rad i oaeter 3 . 5 5 - 3 . 93 • 1 . 1  ka 

10 . 3  - 11 . 3  • 1 . 1  ka 
11 . 5  - 12 . 5  • 1 . 1  ka 

srnthetic  aperture SAR 5 . 3 GHz 25 . 500 lal ,  10 •i n/orb i t  20-45t 
radar acce s s ible 

wi th four 
s teps 
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TABLB 2-6 Liai t •  for Bnvi ronaental Par ... terl Obtai nable froa satell i te senaora 

Sen1or ( Satell i te )  

Scattero.eter 
( MIOSS )  

Al t laeter 
( MIOSS ) 

lli crowave laas•r 
SSII/ I  
( DIISP ,  MIOSS ) 

Lov- frequencJ 
ai crowave 

lad i o.eter , LPIII 
( MIOSS ) 

SAl 
( BIS-1 , IADAISAT ) 

Par ... ter Keaaured 

Wind 1peed 
Wlnd vector re1olut lon 
Wind d i rec t i on 

Capabil ity 
Value 

±1 . 3  al l  

±16 •  

Alt i tude I ca 
S l &n i f i cant wave be l&bt 

(H 1 /3 ) 0 . 5  a 

Wind 1 peed ±2 al l  
Ice ed&• locat i on 

Wl ad 1 peed 

Ice ed&• 

Ice tJP• 

Ice tJpe frac t i on 
Ice concentrat i on 

water vapor 
Llqu l d  water 
Prec i p i tat ion r ate 

±2 al l  

±12 . 5  .. 

Quanta 

12!. 
n. 

±0 . 01 & l ca2 

±0 . 2  & l ca2 

±5 -' hr 

sea-1urface +l . o• c 
ta.perature 

-

Total lee concentrat i on 5� 
Wind 1peed 

Ice eds• 
Ice tJP• 
Ice coacentrat l on 

+12 . 5  • Quanta 

I an&• 

4-26 al l  

0-360• 

1-11 al l  

2-60 al l  

0-10� 
0-10� 

0-0 . 13 & l ca2 

0-0 . 61 &lca2 

0-29 -'hr 

-2-30• c 

0-1� 

leaolut lon a ... rta 

50 .. 

25 .. 

25 .. 

25 .. 
25 .. 

25 .. 
25 .. 
12 � 5  .. 

25 .. 

13 .. 
25 .. 

25 . 
25 . 

9� of aolut loaa 
wltb two aablsul­
u . .. about uo· 
apa�t 

Wbea H 1/3 � 5 ca 
or 1� . wh l cb­
ever ll larser 

±7 . 5  ta ln polar 
reslona 

Tb l n ,  f l rat J•ar , 
old l ee 

Inteaa l ve a l snature 
atudl•• and 
alsor ltba devel­
o,..at requ ired 

w 
Ul 
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TABLE 2-7 Platfor./Seaaor Capab l l l t lea a a  Ca.pared t o  stratea l c  (I)  aa d  Tac t i cal ( T )  
Cr l t l cal Uaer Requ l r  ... ata 

Ice 
Bouadarr/ed&e 
Tne 

Coaceatrat loa 
Tb lcltaeaa 

Laadfaa t  lee 
rloea 

Preaaure 
Iceberaa 

Ice l alaad 
Saow cover 

Deter l orat loa 
Surface charac ­

ter l a t l c a  

Oceaa 
Sea atate 
lwell 

Wl ad 

Surface curreata 
Sea-aurface t.., . 

Satell i te• 

Ul,_ 
I T 

-­
I T 

KAt_ 
S T 

I I* I* I* P* P* 
P P* I* I* R* I* 

P P* I* I* I* I* 

I I I* I* I* I* 
I I* 

I* I* 
I I* 

I* I* P* P* I* I* 
I I* I* 

I I* I* 
I I* P* P* 

P P* P* P* 
I 

p p 
I 

P* 

I* 

I* 

p p 

I* 

6L1._ 
I T 

I 

I 

I* 

I* 

I* 
I 

_ _  , ' 

tADII/2 
S T 

I 
I* 

p 

I* 

I 

I* 

I* 
I* 

P* 

I* 

I* 

I* 

Al rc ratt• 

L&lll .. 
T T 

I 

p 

P* 

I* 
I* 

I 
I 

I 

I 

I* 
I 

p 
I* 

I* 
p 

I 
I* 

I* 

I* 

I 

Ul 
T 

I 
p 

p 

I 

I* 
I* 

p 
I* 

I 
p 

p 
• 

I* 
I 

&codea : 1--eatab l l ahed , P--poteat l allJ uaeful , 1--feaa l ble , reqa l rea reaearch , *--l lal ted , 
aad +--affected bJ the preaeace of clouda . 

and SCAT are complementary ; the SCAT provides  wi nd speed ( 3-30 a/ a )  and 
d i rection , wh i le the PKR provides wind speed over a sreater ranee ( 3-60 
m/ a ) ,  but no wind di rect ion . Wh i le the SAR baa proven i tself to be 
useful for operat ional lee appl i cat ions in  the form of an lmase ( for 
der i ved parameters aucb aa floe s i ze ) , operat ional use of SAR data in 
open ocean appl icat i ons l a  s t i l l  in the research domain . However , 
BRS-1 plan a i nclude a derived product wh i ch provides wave lmase spectra 
in  polar c oordi nates . 

The advanced very b l eb resolut ion radla.eter l a  an laprea a lve data 
source , provldlns the sea surface l a  not obstructed by clouds . 
Unfortunately , cloud cover i a  common dur in& the aum.er wben aoat 
operat ional and research act ivi t ies occur . Therefore , tbe AVHRR la not 
a rel i able sole sensor wi thout the support of the al crowave aenaora . 

An add i t i onal problem concern ln& SAR and AVHRR aenaora l a  that they 
produce lmase a . It i a  difficult to eztract  automated , quant i tat ive 
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data from lmases , and the proces s  l s  l imi ted b y  the lack of 
mult l frequency systems for the SAR . 

Althoush Tables 2-1 throush 2-3 l i s t  c r i t i cal parameters based on 
many user catesor ies , les s s t r l nsent platform/ sensor requi rements mlsht 
sat i s fy many spec ific  user sroup requi rements , part i ally or ln  full , l f  
data products were t imely . If  t act ical requi rements were omi tted , or 
lf lt were as sumed that certai n  tac t i cal data were provided by the 
private sector for s l te-spec l f l c needs , the sever i ty of requi rements 
for the s atell i te data would be reduced . Moreover , lt should be 
emphas ized that no s l nsle microwave sensor l s  yet operat ional . The 
f i rst to become operat ional will be the mi crowave lmaser ( SSM/I ) .  Once 
the product has been val idated and the var i ous also r l thm8 tested , the 
use of these new data sets ln conj unction wi th the available data from 
HOAA and Defense Meteorolos i c al Satell i te Prosram ( DMSP ) satell i tes 
wi ll provide a s l snl f l c antly enhanced product that ml sht sat i sfy many 
strates l c  user requi rements . 

Val idat ion o f  Platform/ Sensor Data 

Val i dat i on of data acqui red by satell i te sensor l s  cri t i cal to 
understandl ns and ut l l i z i ns space data . Two act ions are requi red : 
f i rs t , an ens lneer l ns evaluat ion of sensor performance and spec l f l ­
cat l ons ; and second , evaluati on of sensor radiometr ic  s l snals  l n  
coaparl son to surface propert i e s  and cond i t ions . Val idat ion o f  
space-borne data l s  diffi cult because i t  i nvolves l ntesrat lon o f  
ai rcraft , s atell i te ,  and surface data , wb l ch are usually ln  po int 
form. Measurements at all three levels must involve s imi lar and/or 
compat ible sensors and must be obtai ned concurrently . S ince s imilar 
sensors are not always available , multi spectral data should also be 
used for val idat i on for the ai rcraft and satell i te levels .  

Due to the seasonal var i ab i l i ty of sea lee , val i dat ion experiments 
must be c arr i ed out at di fferent t imes and at di fferent seosraph l cal 
locations , e . s . , the Berlns and the Beaufort seas . Parallel to the 
seophys lcal val idati on , the space sensor cal ibrat i on needs to be 
moni tored us l ns natural cal i brat ion l n  areas where propert i es do not 
chanse s l sn l f lcantly wi th t lae . 

Meteoroloslcal and Oceanosraph ic Sys tems 

Meteorolos l c al Observlns Hetwork 

The network of f i rst-order synopt i c* report l ns and contract 
observ l ns s tat ions ls shown on the map oppos i te pase 1 .  There are 

*Synopt ic impl ies  an instantaneous depletion of the larse-scale 
atmospher i c  pres sure , wi nd f i elds , and weather cond i t ions . The 
pres sure f i eld and frontal features are analyzed so as to l snore local 
detail  due to mesoscale phenomena and toposraph l c  mod i f icat i ons . 
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e s senti ally no reports over the sea areas duri ns wi nter . Koreover , 
durins .oat of the year , the v i ew of the surface from s atelli te-based 
vi s i ble and i nfrared ( IR)  sensors i s  l imi ted by c loud cover . Surface 
observat ions of weather elements and es sent i al sources of cal i bration 
data for s atell i te remote sen s i ns are provided by manned arctic  
stat ions . Despi te the h i sb c o s t s  of  these stat ions , such records need 
to be mai ntained to ful f i ll NOAA ' s respon s i b i l i ty for part i c i pat ins i n  
meteorolos i c al report ins worldw i de . 

Much of  NOAA' s rout ine dat a , espec i ally for weather forecas t i ns , 
ori s i nates froa data buoys , the Coastal Mar ine Automated Network 
[ C-HAR ] , and voluntary weather observers aboard cooperat ins vessels . 
To aid i n  i n format ion satber i ns , NOAA bas establ i shed the Sh i pboard 
Envi ronmental Data Acqu i s i t i on Systems ( SIAS ) to rece ive , store , and 
transmi t meteorolos ical and oceanosrapb i c  data accuratelJ and quicklJ 
bJ us i ns the GOBS satell i te .  Informat ion i s  telemetered to the 
Rat i onal Envi ronmental Satell i te , Data , and Informat ion Servi ce 
( RISDIS ) at Sui tland , Maryland , and made available to the Rat ional 
Weather Service ( RWS ) . The data also are held i n  a 2-day teaporarJ 
buffer that can be i nterrosated by interested i nve s t i sators . 

The rou t i ne real-time collec t ion of meteorolos i c al data froa buoys 
and ships has as s i s ted forecas t i ns for the Borth Pac i f ic and the Gulf 
of Alaska . However ,  both NOAA and i ndustry have been concerned that 
meteorolos i c al sen s i ns and observat ion po i nts  have been too few i n  
number and locat ion t o  provide t imelJ informat ion for the Beri ns Sea 
and adj acent coas t . In a maj or effort to improve the s i tuat ion , a 
cooperat i ve sovernment- industrJ prosram between NOAA and the several 
member compan ies  of the Alaska O i l  and Gas As soc i at i on (AOGA) bas 
besun . In the fall of 1985 , a 12-meter diameter d i scus buoJ was 
installed i n  the Ber i ns Sea at 5 6• R 178• W ( see P i sure 2-1 ) . The 
buoy ' s payload includes dual a i r  temperature , wind s peed and d i rect ion 
sensors ; dual baroaeters ; a sea-surface temperature sensor ; and a 
nond i rec t i onal wave measurement system (Table 2-8 ) . Directional wave 
measurement c apab i l i ty i s  under development ,  and may be added later i n  
th i s  5-year proj ect . S i x  compan ies , workins tbroush AOGA , have funded 
the i n i t i al refurb i shment of the buoy and sensor preparat ion ; NOAA i s  
providins f i scal support for deployment , routi ne maintenance , and data 
proce s s i ns . The Bxxon Company i s  the asent for the AOGA part i c ipants 
i n  the Ber i ns Sea Comprehens ive Oceanosrapb i c  Measurement Prosraa . 
Data wi ll be relayed throusb NOAA' s GOBS Data Collect ion Systea ( DCS ) . 

The SSM/ I onboard the DKSP wi ll provide wi nd s peed informat ion for 
the i ce-free portions of the seas to be augmented bJ scatterometer wi nd 
speed and d i rect i on i nformat ion once BROSS bas been launched . 

Wi th the availab i l i ty of a nearly all-weather , day and n i sbt 
remote-sen s i ns capab i l i ty from s ensors such as the SSM/I and SAR , it i s  
pos s ible for the f i rs t  t ime to provide data to in i t i alize and update 
operat i onal sea- i ce dynaai c s  models . An operat ional sea- i ce .adel for 
the Ber i ns Sea wi ll be tes ted i n  the near future . However , there i s  
l i ttle act iv i ty di rected toward developins operat i onal ice dynaai c s  
models for other areas such a s  the Beaufort Sea and upsrad i ns the 
Ber i ns Sea model as new satell i te data become available . 
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FIGURE 2-1 Ber i ns Sea locat ion of MOAA/ i ndustry oceanosraph i c  and 
meteorolosy buoy . 

�ABLB 2-8 Moored Baor Parload Data 

lteport l n& 
Par ... ter ltanae 

Vi nd •peed 0-80 a/ 1 
Vi nd d i rec t i on 0-360• 
Vi nd au•ta 0-80 a/ 1 
Ai r teaporature -•o• -5o• c 
Bara.o t r i c  pre1 1 ure 900-1100 ab 
S i &n i f i c ant wave 0-20 a 

be i abt 
Vave per i od 2-30 1ec 
Vave 1pectra 0 . 01-0 . 5  Hz 
Surface water -15 •-5o• c 

toaperaturo 

lteport l aa 
1te1olat l on 

1 al l 
10• 
1 al l  
o . 5 • c 
0 . 1  ab 
0 . 5  a 

1 leC 
0 . 01 Hz 
o . 5 • c 

aH l abe 1 t  8-1ec ond wi nd averaae ret a i ned . 

�otal 
Suple Suaple sr•t• 
Interval Per i od Accuracr 

1 leC 8 . 5  ai D ;tl /u n•> 
1 leC 8 . 5  ala ;t10• 
1 leC 8 . 5  ala ;tl 1/ IOC n•> 
90 •ec 90 •ec ;tl• c 
4 leC 8 . 5  leC ;tl ab 
0 . 6 7 •ec 20 ala ;t0 . 5  a 

0 . 6 7 •ec 20 ala ;t1 •ec 
0 . 6 7 l eC 20 ala 
1 leC 1 •ec ;tl• c 
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The Global Pos i t i on i ns System 

The Global Pos i t ion i n& System ( GPS ) i s  a prec i s i on three-d i .. n­
s ional satell i te pos i t ion i n& sys tem presently be i n& i ns talled bJ the 
Department of Defense ( DOD) . I t  wi ll cons i st of 18 s atell i tes when 
fully operat i onal in 1989 and wi ll provide accurate all-weather 
pos i t ionln& to GPS users anywhere on the earth . Full drnaai c accuracr 
( <10 m) wi ll only be avai lable to DOD users ( P-Code ) ,  but pos i tion 
i nformat ion to a 16-meter accuracy will be avai lable to ca..erc ial 
users ( CIA Code ) . F inal detai l s  of non-DOD acces s are be i ns worked out 
by sovernment asenc les . For survey appl i cat ions , lons basel ine inter­
ferometr i c  techn iques capable of provldin& <10-cm accuracr in a 
di fferent i al mode have been demonstrated . Th i s  techn ique i s  not capable 
of operat in& in a dynami c mode but also does not requ i re acces s to 
e i the.r the C/ A or P-Code . 

GPS will provide excellent s upport to meet research and operational 
requi rement s  in  the Arct ic . Research i s  one iaportant area where the 
GPS will allow s isn i f i cant advances . Use of GPS wi th the new satell i te s  
wi ll allow the inve s t i sat ion of  a i r-sea- l e e  interac t i on ,  which was not 
previously pos s ible except by u s l n& expens ive manned platfo�s . 
Commerc i al and sovernment ves sel  operat ions in  l ee-frequented waters  
should be s afer wi th GPS support . 

Polar Dri ft in& Buoys 

The relat ively recent development of automated observat ional 
systems has proven to be an important data source in support in& arc t i c  
operat i ons . The Soviets developed an unmanned .. teorolos ical buoy 
wh i ch used h i &h frequency commun i c at i ons to l i nk shore s tat i ons in the 
early 1950s . These expanded sys tems were effec t i velr deployed alons 
the Northern Sea Route . More recently ( i n the 1980s ) ,  the Danes have 
deployed unmanned weather stat i ons  relyln& on satell i te commun icat i ons . 

In 197 9 , the Arc t i c  Data Buoy Prosram was i n i t i ated wi th Rat ional 
Sc ience Foundat ion ( RSF ) support .  NOAA , the canad i an Atmospheric  
Environment Service ( AIS ) , and the u . s .  Off ice of Naval Research ( ORI) 
pi cked up support of th i s  prosram in 1984 , and asain  in  1985 when RSF 
dropped out of the proj ect . The Ravy and the Minerals Manase .. nt 
Service bec ame the pr imary spon sors , alons wi th Can ad i an and Rorwesi an 
support . The buoy sensors record sea-level pres sure , air  teaperature , 
and pos i t i on , and telemeter thes e  data throush the ARGOS srs tea . • 
Other sensors can be attached to make aeteorolos l c al and oceanosraph i c  
measurements . Those buoys provi de es sent i al data used for research and 
operat ional requirements . Comb i ned wi th satell i te sensors and the 
Global Pos i t ion i n& System ,  arc t i c  buoys will become even aore valuable . 

•The ARGOS sys tea i s  a cooperat ive proj ect a.ons the centre 
Rat i onal D ' ltudes Spac i ales ( CNIS , France ) ,  RASA , and NOAA . It 
collects  and relays environmental data fro• buoys , balloons , and other 
platforms located anywhere on the earth ' s  surface . 
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Furthermore, s atell i te atmo s phe r i c  s ounders do not prov i de s at i s fac tory 
data in much o f  the Arc t i c  dur i ng the wi nter becau s e  of i nve rs i on s . 

Wh i le arc t i c  researchers have demon s t rated the prac t i cal i ty of 
operat i ng expendable meteorolog i cal buoys on the polar i ce pack, th i s  
technology has never bee n  t ran s fe r red to ope rat i onal me teorology w i th i n  
HOAA . Con s equently, the numb e r  o f  buoys d i s played and the i r  placement 
schedule has been determi ned by the eve r- chang i ng needs of i nd i v i dual 
res e arch proj e c t s  and pr i nc i pal i nve s t i gato r s . Th i s  has been a source 
of cont i nu i ng fru s t rat i on to tho s e  w i th i n  the NWS r e s pon s i ble for 
prov i d i ng the Alas kan forecas t s . 

Two maj o r  bene f i t s  could come f rom a we ll- de s i gned polar dr i f t i ng 
buoy program :  

1 .  Rou t i ne forecast and war n i ngs . A few s t rateg i cally deployed 
buoy s  would s i gn i f i cantly improve the meage r s u i te o f  shore ob se rvat i o n s  

of barome t r i c  pre s s u re and tempe rature pre s ently ava i lable around the 
r ia of the Arc t i c  Ocean . Fore c as ters depend heav i ly on any and all 
val i d  ob s e rvat i on s  to make s hort- term forecas t s  for the Borth Slope . 

2 .  In i t i al i zat i on of Rat i onal Meteorolog i cal Center atmo s phe r i c  
forecas t model s . The pre sent 18-laye r, 40-wave s pe c t ral mode l now 
be i ng evaluated at the Rat i onal Me teorolog i c al Cent e r  lacks s e n s i t i v i ty 
to polar cond i t i on s ,  large ly bec au s e  o f  the d i f f i c ulty i n  obta i n i ng 
polar meteo rolog i cal obs e rvat i on s  wi th s u i table s pac i ng and temporal 
d i s t r i but i on to prov i de def i n i t i ve analys e s  of i n i t i al cond i t i on s .  
Conseque ntl y, the forecas t mode l outpu t s  are tuned to b e  mo s t  e f fec t i ve 
i n  the mid-lat i tude reg i on s  where the maj o r i ty of publ i c  needs and 
pol i t i cal i ntere s t  re s i de. A smal l, cont i nu i ng re s earch program could 
provi de a reasonably den se bas e  of obse rvat i o n s  w i th wh i ch to be tter 

analyze i n i t i al cond i t i on s  and would bene f i t  all Hor thern Hemi sphere 
nat i on s . Polar o rb i t i ng sate l l i te t ran sponde r s  c an be operated 
rout i nely to relay data to nat i onal centers around the world . 

Meteorolog i cal Systems : Ve rt i cal S t ructure of the Atmo s phere 

Informat i on on the vert i cal s t ruc tu re o f  atmo s phe r i c  temperature, 
pre s sure, w i nd ve loc i ty, mo i s ture content, c loud, and aero sols i s  
needed for analy s i s  and pred i c t i on of weathe r and c l imate. Nume r i cal 
weather pred i c t i on mode l s  s pe c i f i cally requ i re three - d imens i onal data 
on tempe rature, pre s s ure, and mo i s ture content tw i c e  dai ly ove r the 

globe . Wh i le there are about 440 rad i o sonde s tat i o n s  poleward of 30° H 
( HOAA , 1985 ) ,  only 38 of the s e  are i n  the Arc t i c  north of approximatel y  
7 0 °  H ( 24 are ope rated by the S ov i e t  Un ion, 2 by the Un i ted State s, 6 
by Canada, and 6 by other nat i on s--see F i gu re 2-2 ) . F i fty percent of 

· the earth ' s surface north of 30° H i s  water s urface, and the re are few 

observing po i nts i n  th i s  area . The se large gaps have been f i lled by 
indi rect s atell i te sound i ng of the atmo s phere s i nc e  19 7 2 , although 
thes e  techn i ques cannot replace balloon-borne meas u r ement . 

The polar-o rbit i ng operat i onal env i ronmental sate l l i te s  ( POES ) do 

not yet prov i de h igh s pat ial r e s olut i on sound i ng data w i th the acc urac y 
and vert i c al re solut i on of balloon s ound i ngs i n  c l ear and cloudy 

Copyright © National Academy of Sciences. All rights reserved.

NOAA Information Services for U.S. Arctic Marine Operations:  An Assessment of Needs and Technology
http://www.nap.edu/catalog.php?record_id=19231

http://www.nap.edu/catalog.php?record_id=19231


POLAR STATIONS 

42 

FICURB 2-2 Polar radiosonde stat i ons . 

atmosphere s .  The advanced mi crowave sensor un i t  ( AMSU ) on NOAA-I , L ,  
and K s atell i tes  will provide soundinss i n  cloudy areas wi th improved 
accuracy for temperature and water vapor , and better vert i c al and 
hor i zontal resolut i ons . However ,  i n  h i &h lat i tudes duri n& wi nter , the 
arc t i c  i nvers i on presents a s i sn i f i c ant problem for s atell i te data 
retri eval . Th i s  problem may have to be resolved by the combi ned use of 
surface pro f i lers . A prototype system of boundary-layer wi nd prof i lers 
l1  planned in the cotermi nous Un i ted States for the late 1980s or e arly 
1990s , but i s  unl i kely to be i n s talled in the Arct i c  dur i n& th i s  
century . 
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DATA PROCESSING , PRODUCTS , AND ARCHIVES 

Oceanograph i c , meteorolog i c al ,  and related envi ronaental data i n  
the Arc t i c  i nclude 

• operat ional satell i te remote-sen s i ng i nfo�at ion on weather 
systeas , ocean surface propert i e s , and sea- i ce cove r ; 

• rout i ne coastal and shi pboard measurements of ataospheri c  
propert ies  and sea-surface cond i t ions ; 

• geodet i c  and mar ine surveys of the coastl i ne and cont inental 
shelf . 

Data are collected pr imar i ly by the three organ i zat ions wi th i n  
NOAA : NKSDIS ,  NWS ,  and the Nat ional Ocean Service  ( NOS ) . Since 
December 1983 , NOS has had lead respons i b i l i ty for integrat i ng 
meteorolog i c al and oceanograph i c  serv i ces to the mar i ne commun i ty .  In 
add i t ion , more spec i al ized data are collected both by the pr ivate 
sector and b� research programs of NOAA' s Envi ronmental Research 
Laboratory ( NOAA-ERL) , the U . S .  Department of Defense , and satell i te 
proj ects of  NASA , and research conducted by un ivers i ty groups . 

Data Proces s i ng and Di str i but ion Centers 

Organ i zat ion for Real-Time and Rapi d-Access  Data Serv i ces 

NKSDIS was created spec i f i c ally to manage env i ronaental data and 
informat ion for use by comaerce ,  industry , the sc ient i f ic comaun i ty ,  
the general publ i c , and federal , state , and local governments . NKSDIS 
admi n i sters all operat ional , c iv i l i an ,  satell i te-based , envi ronmental 
remote-sens i ng systems and the as soc i ated process ing , arch iving , and 
d i s tr i but i on of data through i ts nat i onal and related World Data 
Center-A subcenters . 

Wi th i n  NESDIS , the Off ice  of  Satell i te Data Process i ng and 
Di stribut ion operates ground fac i l i t i e s  to proces s s atell i te data and 
to manage real-t ime ( f i rst 6 hour s ) data d i s tribut i on .  Data from 
HOAA' s pol ar orb i t ing satell i te s  ( currently NOAA 7 and HOAA 9) are 
received at G i lmore Creek , Alaska , and relayed to the Central Satell i te 
Data Proces s i ng Off ice  at Sui tl and , Maryland . The Satell i te Data 
Services  Divi s ion ( SDSD ) of the Nat ional Cl imate Data Center ( HCDC ) 
then manages the pe�anent arc h i ving and user serv i ces  act ivity for 
these data . 

Meteorolog i c al data from l and stat i ons  and sh i ps are collected for 
the standard synopt i c  report i ng t imes by HOAA' s Rat i onal Meteorolog i c al 
Center ( HMC ) , Camp Spr i ngs , Maryland . Th i s  i s  one of  the nodal po ints 
for the Global Telecommun icat ions Sys tems ( GTS ) of the World Meteoro­
log ical Organ ization . I t  has a Clas s 6 computer system . 

Rout i ne and spec i al mar i ne reports  for Alaskan waters are collected 
by mari ne radio , whenever pos s ible , for the local NWS off ices . 

Real-t ime data for operat ional analys i s  and forecast i ng needs are 
handled by the HMC . Meteorolog i c al data are as sembled and c l imato-
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logi c al values are der ived for arch iving at the NCDC , Ashevi lle , North 
Carol ina . 

Oceanograph ic  data i nc lude i nfo�at ion on wave s , current s , water 
levels , subsurface temperatures and other phys ical and cheaic al 
propert i e s , and bathymetry . Some of these are collected i n  real-t l .. 
by sh ips and buoys ( e . g . , mar i ne reports of wave he i ght ) , others 
involve only research prograaa . 

Operat ional data on current s  and subsurface para.etera are handled 
by NOS and by NMC for coded me s s ages . Records of water levels ,  t i de s , 
and ocean c i rculat ion are proce s sed and held by the Office of Oceano­
graph ic  and Mar ine Services  of NOS . Buoy recorda are transmi tted v i a  
satell i te t o  Bay St . Lou i s , Bl a a l s a l ppl , for proces s i ng b y  the NOS 
Nat ional Data Buoy Center and relayed in near real-t l .. to NBC . All 
ocean data seta are arch ived by the Nat ional Oceanograph i c  Data Center 
( NODC ) of NKSDIS in  Wash ington , D . C .  

Sea- l ee data collected by u . s .  Coast Guard sh i ps and l ee recon­
nai ssance ai rcraft , Canad i an AKS lee reconnai s s ance , and operat i onal 
and NASA research satell i tes  are transmi tted to the JIC . 

Data Arch i v i ng Centers 

All of the NISDIS centers contai n arc t i c  envi ronmental data . In 
moat cases there are no exclus ively arc t i c  data seta , s i nce the 
observat ions are collected for i nternat ional or nat ional progra.. . 

Nat ional Cl imate Data Center (NCDC ) Hourly and dally reports on 
surface and upper-air  weather var i ables , atmospher i c  propert ies , and 
derived data are arch ived together wi th derived cl imat i c  stat i st i c s . 
They are avai lable on magnet i c  tape , di skette bard copy , or alcrofl che . 

The Satell i te Data Services  Divi s ion of NCDC arch ives raw and 
summar i zed d i g i tal remote-sens i ng data , photograph i c  products , and 
certain analys i s  products  from the NOAA polar orb i ters , wh i ch provide 
twice-dal ly coverage for the arc t i c  reg ion . 

Nat ional Geophys i c al Data Center (NGDC) Th i s  c enter , located in 
Boulder , Colorado , manages data on aar lne geology and geophys ics , 
including tsunami s ,  bathymetry , and aar lne al neral a . Closely l inked 
wi th NGDC i s  the Nat ional Snow and Ice Data Center ( and WDC-A for 
Glac iology ) , operated under contract froa NOAA/NKSDIS through the 
Cooperat ive Ins t i tute for Research in Envi ronmental Sc ience s , Un ivers i ty 
of Colorado , Boulder . Th i s  center arch ives  bard copy and digi tal data 
on sea lee , snow cover , glac i ers , and ground lee . It also arch ives 
imagery from the DKSP for SDSD . 

Nat ional Oceanosraph lc  Data Center ( NODC) Data on pby1 lcal and 
chealc al ocean propertle•  ( temperature , sal i n i ty , d i s solved oxygen , and 
nutr ients ) together wi th data froa the u . s .  Outer Cont i nental Shelf , 
including Alaska , are held at NODC . Add i t i onally , there are data sets 
on plankton , f l 1b , and shellf i sh resources and mar i ne pollutants .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Nat ional Envi ronmental Data Referral Serv i ce ( NKDRKS ) The 
As ses sment and Infor.ation Servi ces Center of NESDIS operates NEDRKS to 
ident i fy ,  locate , and catalog envi ronmental data sets . Its data base 
is a publ i c  infor.at i on serv i c e  that can be acces sed through commerc i al 
data commun i cati on networks . An inventory of arc t i c  data holdings i n  
NESDIS centers will be avai lable  i n  1986 . 

Cl imate Analys i s  Center Products der ived from NMC analyses are 
retai ned by the Cl imate Analys i s  Center ( CAC ) of NMC . These are gr idded 
data , and are pr imar ily of i nterest  to researchers .  

Produc t s  and Services  

Near Real-T ime Data Services  

The Alaskan reg ion i s  served by  the NOAA Anchorage off ice and 
several NWS weather offices , four wi th forecasters i n  Juneau , Anchorage , 
Valdez , and Fai rbanks . The staff in  Anchorage repre sents NOS , NWS , 
NESDIS , the Nat i onal Mar ine F i sheries  Serv i ce ( NMFS ) , and the 
Un ivers i ty of Ala1ka Sea Grant Program , and provide s  var ious 
forecast i ng , warn ing , and informat i on 1ervices . 

Products prepared by NOAA for the arctic  sector are analyses and 
forecas ts or outlooks . Addi t i onally , warn ings are i s sued in  plai n  
language . These products and servi ces are summar i zed i n  Tables 2-9 , 
2-10 , and 2-11 . Several exper imental products are i ncluded in  these 
l i sts . 

Retrospect ive Data 

The NKSDIS data centers each produce catalogs and i nventor ies  of 
data holdi ng s  as well as fl i ers for all new data sets . Spec i al atlases  
of mar i ne c l imatology and i ce cond i t i ons have been developed by NCDC 
and also by the Un ivers i ty of Alaska ' s Arct i c  Env i ronmental Informat i on 
and Data Center ( AKIDC) . 

As ses sment of Data Produc ts and Def i c i enc ies  

As ses sment of the adequacy of  data products in  relat ion to  the 
diverse needs of user commun i t ie s  i s  largely a matter of subj ective 
j udsment s i nce there have been few quanti tat ive surveys . The relevant 
character i s t i c s  of each of the products are frequency ( daily or weekly ) ,  
t imel ine s a  of  availab i l i ty to the user , spec i f i c i ty of i nten s i ty and 
locat i on of phenomena , predict i on accuracy , and mode of di s semi nat i on . 

The synopt ic-scale Pac i f i c Ocean analyses are e s sent i al input to 
NWS forec ast off i ces in  Alaska as a bas i s  for the reg i onal mar ine 
forecasts  and warn i ng services . These and the JIC i ce analyses are 
also used to produce the reg i onal ice analyses and forecasts . The most 
ser ious l imi tat i on for Alaskan forecas t i ng is  the me ager data base over 
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TABLB 2- 9 Aaalr•ea for the Arc t i c  Sector• 

TJpe 

Southern 
i ce l iai l 
&D&lJi h 

North Slope 
l e e  analJ• h 

Ala1kan 1ea 
lee analr•e• 
( boundar lei 
varJ dependen t  
O D  leaaOD ) 

North Pac l f l c  
IJDOpt i c  
analJ• h 

Sea- 1urface 
theraal 
analJi h  

Coveraae 

Ber l n& Sea 

1 .  Chukch l ,  
North Ber i na ,  
and Beaufort 
leal 

1 .  Chukch i ,  
Ber l na ,  
and 
Beaufort 
aea• 

2 .  Cook Inlet 

180 • - 120. w 
8o• - 4o• w 

11o• - 158• w 
66• - 54 . N 

I 1 1 ued 

WeeltlJ 
< 22 GilT )  

IIWI'c 
( 04 GilT )  

IIWI' 
( 04  GilT )  

IIWI' 
( 04  GilT )  
Nov-Apr 

4 /daJ 
( 00 , 06 , 12 ,  

18 GilT )  

3/-ek 
( Apr- Sept ) 

1 /-ek 
( Oc t-liar ) 

Spec l f l c l  lJ 

lzlent , 
concentrat i on , 
aae 

lzten t , 
eoncenlrat lon , 
aae 

lztent , 
concentrat ion , 
aae 

1 .  IISLf 

Source• 

NASA , NOAA , 
DMSP ••tel­
l i te• , a i r­
craf t , ah l p ,  
around 
obaervat i on 

Satel l l teb 
i-aerJ , 
wlnd vee­
lora , recon . 

satell i te 
i-aerJ , 
w i nd vee ­
lora , recon . 

satell i te 
i-aerr , 
w i nd vee­
lora , recon . 

2 .  Re l .  hual d i lJ 
at 700 ab 

3 .  Teaperature 
at 8 5 0  ab 

Teaperature , 
lee edae , 
ai zed larer , 
depth 

Satell i te 
l-aerJ 

Soon : al c ro­
wave data 

Map 
Scale 

1 : 5 . 0  

aU l ion 

1 : 4 . 0  
aU l ion 

1 : 2 . 4  

aU l ion 

1 : 5 . 0  

aU l ion 

Producer• 

.ned 

J IC 

JIC and 
wse 
Anchoraae 

IIWS , 
Aaehoraae 

1 : 10 IIIIC 
al ll l on 

1 : 10 IIWS , 
a i l l lon Anchoraae 

C�ntl 

Heteroaene l lJ 
&Dd DOD­
a l•ltane l lJ 
of l nput data 

.. 

.. 
Cloud cover llal t a  

aatel l l te -ppl n& 

L lal ted det a i l  
( e . a . , polar 
lo.q ) 

Var i able l nput 
data coveraae 

ATh l a  l i a t  oal t a  heai 1phe r i c  analraea bJ the Nat i onal Be teoroloa ical Center ( IIIIC ) uaed for forec aat au ldance at Alaatan 
Weather Serv i c e  Porecaat Off leea . 

bsatell l te aenaora are NASA ( NIKBUS ) , NOAA ( AVHRR ) , SBBR paa 1 l ve radloaeter , CIOSAT ( NavJ ) radar alt laeter . 
CwondaJ , wednead&J , PrldaJ ; t lae ezpre1 aed ln Creenwlch Bean T lae , 04 • 0400 hra . 
dNavJ/NOAA Jo l n t  Ice Center • 
.. at lonal weather Serv ice . 
faean sea Level . 

• 0' 
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TULI 2-10 m&& Graplllc roreea1t Prodoctl 

rreqoeocrl 
TlM TlM Bap 

Trpe COYerqe In•ed Cowered spee l f l e l tr lcale Prodoeer c:-.u 

leaeonal wetern A1a1kaa oortb llrr 5 1100tb1 Ice •nerltr Tabular .JIC 
&rct l c  coaet 

lllatero arctic to• I-to• V 21-otb 30 dar• lsteot , 1 : 11 . 6  .JIC 
lee coaceatrat loa , al llloo 

qe 

Ice accretloa Appras . 1/dar 2• br• 
I 1tructural 110"-125" v 36 br1 l&te/3 br Willa: 

l c l o& l  70"-30" I U bro ( cootnrl ) Bar loe Prodoct• bperlMDtal 
lrucb 

lortb Pac l f lc 2/dar 2. ) 'rector• 1 : 20 -= 
aurtace wloda 361 bro at srld all-

.. , pe l ota l l oo 

Ice 110tloo 110" -165" v 1/dar 6 dar• Drltt 1 : 2  .JIC/ Ja: ,  
wee tor• all- lar l oe Prodoc tl bperlMotal 
lo pack l l oo lrucb (2 -11 ) 

lortb Pac l t l  c li0"-120" v 2/dar 2• br • 1 .  IlL WI ,  roreca•t 

prosoa a l l  eo• 140" 1 2• br 2 .  1e1 .  b•ld l tr Oft lce , lu 
o•tlook at 700 ab rruc l eco ; 
36) 3.  'fert leal WI, Allcborqe--

••> br Yeloc l tr aod lerlos lea aod 
60) prec lpltat l oo Arct i c  

at 700 ab 

Ice toreeaat 110"-151" v - 5 dar• Ice ..sae , 1 : 10 .... 
•P• 1 1 .  le r l os 10• 1-5•" 1 (0. Gill) coaceatrat loa , all- Aocborqe 

lea , Coot qe l loo 

Io1et l 

l l &ol t lcut Whole Galt 1/dar lest dar 1 : 10 all- WI 1awr1mu. atoba1 
wawe ( deep at Ala1lta/ ( 22 QIT) 12 br1 l loo Aocllorqe apoetral waft 
water) ler loa lea can -1 

lortb Pac l t lc 1/dar 5 dar• Geoeral bperlMDtal (llued 
Mr loe watller ( 10 Gill) aroopt lc oa "•• 1ft, ... 

outlook a l toat l oo wlod ft1ae ltr 
onr aeeu) 

IIOnll : QIT--Gree-lcb MOD tlM 
IlL-__ .. aea 11Y11 

---latlooal lleatller lerwlce 
Ja:--latlooal .. teoroloa l c al c .. ur 
.JIC-...Jo l o t  Ice c .. tar 
'l'a-•••-col- t..,.ratare 

sn--aea-aortace t-ratore 

the ocean areas , espec i ally the lack of sh i p  weather reports dur i ng 
n i ght hours . These are c r i t i c al i nput data to the 1200Z ( 0400 local 
Standard Time )  forecast chart . Small-seale features--such as arctic  
lows , wh i ch c an develop and i ntens i fy within  12  hours--are generally 
mi s sed by such analyse s and , i n  the i r  early state of development ,  even 
by the 12- to 24-hour operat i on al s atell i te pas ses . 

The sea-surface thermal analys i s  depict ing ice  edge , sea-surface 
temperature s ( SST) , and mized layer depth also suffers from var i able 
space-t ime coverage of i nput data and heterogeneous sources and types 
of SST data ( sh i ps and s atell i te s ) .  

The data i nput and model l imi tat i ons  for the two synopt i c  analyses 
affect the accuracy and rel i ab i l i ty of the twi ce-dai ly North Pac i f ic 
weather forecast map and mar i ne weather forecast map for Alaskan 
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TABLB 2-11 Porecast Products : PlaiD Laasuas• 

PrequencJ 
T lM TlM 

TJpe Coverqe Iuued Covered 

llarlne weather 20 coastal 2/daJ 24 hr 
coastal sections +24 hr 
forecasts 

R l &h seas • of so• • 4/daJ 24 hr 
forecast I of 110• 

llarlne forecast Alas tan 1/daJ 5 daJ8 
waters 

Sea- l ee Alaskan KIV/P 5 daJ• 
adv horJ waters ( 20 GilT) 

llarlne forecast 20 coastal 2/daJ 12 and 
tables aectl ons 24 hrs 

Tsun-l warn ln& Gulf of Warnln& l f 
•J•t- Alaska •• hal e 

aea waves 
conf l r.d 

Rourl)' 
bulletins 

8Weather Service Porecast Observation Site 

Spec l f l c l tJ 

Weather , wi nds , 
sea state 

Winds , ••a atate 

CJclone tracta , 
l ntens l tJ 

Ice cond l t l ona , 
chaos•• 

Winds , weather 
aea state , l c l n& 

wave arr i val 
tlMa for 
coaata 

Producer 

INS ( 4  vsrosa 

l n  Alaska) 

ws ,  
Anchor as• 

INS ,  
Anchor as• 

INS ,  
Anchor as• 

INS 

INS 
PalMr , 
Alaska 

C�nts 

Warn l n&• ( l f &DJ ) 

Warn l n&• ( l f &aJ ) 

Pac s lalle v l a  
�lalt 

• Cit 
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waters , the 5-day mar i ne weather outlook , and the 5- and 30-day i ce 
forecas t maps . Numeri cal atmo s pher i c  forecas t model s  need to be 
mod i f i ed or developed for the Arc t i c . Most  ex i s t i ng operat ional model s  
were tuned t o  perform best  a t  mi d-lat i tude . S i nce the atmospher ic  
models dr i ve many other forecasts  ( e . g . , waves , currents , and sea  i ce ) , 
they are cr i t i c al to the safety and eff i c i ency of dec i s i ons affec t i ng 
many operat i ons . Pre ssure data from the Arc t i c  Oce an dr i f t ing buoys 
are cr i t i cal for accurate synopt i c  analyses  and forecas t model in i t i al i ­
zat i on .  Errors i n  the analys e s  i n  h i gh lat i tudes have been shown to 
d i s tort the forecas t charts for Alaska and the cont i guous ma inland 
Un i ted States and Canada . Con t i nuat ion of such data collect i on programs 
i s  of great importance . 

Wi th i n  the i r  recogn i zed l imi tat ions , forecast produc ts are generally 
well regarded . They are essen t i al for publ i c  safety and the successful 
operat ion of  many aspec ts of commerce , indue try , and government , par­
t i cularly in the area of transportat i on .  Nowcas t i ng--short- term 
pred i c t i ng--techn iques  appropr i ate for h i gh lat i tudes are not ye t 
developed for hazardous storm s i tuat i ons involvi ng h i gh wi nds and 
wave s . The reg ional i ce chart i ndi cates a general level of forecast 
con f i dence . The feas ibi l i ty of expand i ng th i s  approach to other 
products , and to d i fferent i ate such levels  accord i ng to geograph i cal 
are a ,  would seem worthwh i le . 

The da i ly , s i gn i f i cant ( deep water ) ,  wave he i ght prognost i c  chart 
has ser i ous l imitat i ons for cont i nental shelf areas . A user as sessment 
of observed sea cond i t i ons i n  1981-1982 enabled NOAA ' s Anchorage off ice  
to  make adj ustments to  the model predict i ons for  the open ocean wave s . 
The i nformat i on i s  derived from a Navy-NOAA global s pectral wave model , 
and the i nformat i on refers to deep waters of the Gul f  of Alaska and 
Ber i ng Sea .  Locally spec i f i c  bathymetr i c  data and input data are 
neces s ary to predi c t  coas tal wave cond i t i ons , such as the experimental 
Harbor Bar Forecast for Yakutat Bay . 

Records show an annual global occurrence of one des truc t i ve tsunami , 
wi th one des truc t i ve event per decade i n  the Pac i f i c bas i n .  Subsea 
earthquakes off  the Aleut i ans present the greate s t  potent i al for 
damag ing tsunami s along the coas ts  of the Gulf of Alaska . 

The tsunami warn ing sys tem rel i e s  on se i smograph data and teletype 
t i de gauge reports (Wi tten , 1984 ) . A fully rel i able and prompt warn i ng 
sys tem needs telemetered data from West  Coast stat i ons and a back-up 
computer system .  Ins truments to mon i tor seabed se i smic act ivi ty have 
been developed commerc i ally and should be evaluated . Li ttle at tent i on 
has been g i ven to computer mode l i ng of potent i al coas tal wave run-up 
he i ghts . 

Alternat ives  for Improvement of Proces s ing and Di s semi nat i on 

The i den t i f i ed def i c ienc i e s  i nclude some that c an be remedi ed 
qui ckly at modes t  cost ; other problems requ i re maj or changes in struc­
tural arrangements . Some def i c i enc ies  wi ll be met when new measurement 
sys tems alre ady be i ng planned become operat ional , providing , of course , 
that there are requ i s i te resourc e s  to ensure data availab i l i ty and 
del i very . 
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Ice Data 

Current ice i nfo�at ion data avai lable to JIC are derived pr imar i ly 
from satell i te• . The AVHRR data from NOAA' s polar orb i t i ng 1 atell i tes  
provi de suff i c i ent accurate i nfo�at ion on  cloud pos i t ions for 
meteorolog i c al forecas t i ng ,  but are in1uf f i c ient for dete�i n i ng the 
pos i t ion of the i ce edge . Brrora of 10 to 20 naut i c al mi les in  ice 
edge are common , depending on the pos i t ion of the lee  edge relat ive to 
the s atel l i te suborb i tal locat i on on the earth ' s  1urface . S i nce clouds 
are often pre1ent , they tend to obscure the ice  cover . Bnhance .. nt 
techn iques u s i ng several channels  occas i onally provide a better 
del ineat i on . Digi tally proces s i ng the NOAA data could el lalnate the1e 
ser i ous 1hortcoml ngs . 

Another aaj or satell i te data source i s  NASA' s • c ann i ng ault l channel 
mi crowave radiometer ( SMKR) data obtai ned from the NIKBUS- 7 satell i te .  
The SMKR , wh i ch has nearly an all-weather , day and n i ght c apab i l i ty ,  
provides global data on a 25 by 25 ka resolut ion . Due to the lack of 
d i g i tal handl i ng capab i l i ty ,  th i s  important data set for strateg i c  ice 
i nformat ion i s  severely underused . An example of i ta potent i al 
capab i l i ty i s  1hown i n  F i gure 2-3 . Comb i n i ng d i f ferent data products 
such as the AVHRR and SMKR would provide enhanced i c e  informat ion , as 
shown in F i gure 2-4 . 

The NOAA polar orb i t ing s atell i tes  to be launched about 1988 wi ll 
operate a s pl i t-channel 1 . 6-� s ensor . Th i s  wavelength offers unique , 
deaonstrated capab i l i t l e• for snow and cloud d i scr iminat ion . It  i s  
es sent i al for the research commun i ty generally and for the Alaskan 
Arc t i c  i n  part i cular that a data product be developed froa th i s  sensor . 
Opt laally , th i s  product al ght be comb i ned wi th the data provided by the 
microwave sounder , wh i ch can al so be used to del imi t the i ce cond i t i on s . 

The needs for improved products requ i re the following : 

• Accelerated proces s ing of ex l 1 t i ng satell i te and other data 
streams by the JIC . Con s i derable t ime could be s aved by ln1 tal l l ng 
state-of-the-art iaage proce s s i ng capab i l i t ies  at JIC to enable over­
laying of var i ed data on di fferent background gr ids . 

• Improved data l i nks between the NKC and JIC for the trans­
mi s s i on of analys i s  and forecas t products  to JIC . 

• Di rect-fac s imi le recept i on of JIC transai s a i ons for t imely 
del ivery to mari ne u1ers in Alaska . Currently , var ious governmant 
agenc ies  and some contractors receive reg i onal lee charts by telecopier  
in  exchange for providing local data . 

Ice analy1es are important to many users for plann i ng and 
operat ion s . Currently ava ilable data cons i s t  pr imar i ly of 1 atell l te 
imagery . The JIC has avai lable DKSP and NOAA v l 1 ible and infrared 
iaagery , ai rcraft reconnai s s ance lnfo�at i on , and sh i p  and shore 
stat i on reports . Liai ted SMKR data froa NASA' s NIKBUS-7 satell i te are 
also avai l able , but these do not ut i l i ze the full s cope of the SMKR 
systea.  The use of NOAA/DKSP imagery for l ee mappi ng i s  greatly 
l imi ted by c loud cover and by the absence of dayl i ght dur i ng the 
winter , wh i ch prevents the use of vi s ible wavelength images . Reg ional 
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FIGURE 2-3 Be� i ns Sea l ee cove � for reb�ua�y 7 ,  1984 , der i ved f rom 
s c ann i ns mul t i channel mi c �owave � ad l ome t e �  d a t a ; e ac h  dot or c ro s s  
i nd i c at e s  t h e  cente� of a p i c t u�e element ( p i xel ) . I c e  concent �at l o n s  

h ave been contou�ed at 1 0  pe r c e n t  i n te rval s , wi th 10 pe �cent �•p�e sent­
l ns the ice edse . Numbe� s  in  the open ocean �epre s e n t  w i nd s peed in  
knot s . SOURCE : Atmo s phe� l c  Env i ronment Se�v l c e , Can ada . 

p�oduc t s  u s e  d l �e c t  �eadout f �om NOAA pol a� o�b i te � s , GOES-We s t , and 
the Japane s e  GMS as ava i l able , but the s ame l im i tat i on s  apply . P as s i ve 
mi c rowave s ensors p�ovi de all-we ather data , but they h ave only 25-50  km 
�e solut i on , wh i ch i s  i nadequate fo� mapp i ns l e ad s  and l andf as t i c e . 

The p� l nc i pal sho� tcomi ns i de n t i f i ed by u s e � s  i s  the absence o f  
near real-t i me i nfo�a t l on on i c e edse locat i on a n d  i c e  mot i on .  
Que s t i onn a i re s  i nd i c ate a demand for i nc reased � e s o l u t i on of cu�rent 

produc ts to prov i de i ce edse loc a t i on ( to 1 km) , i c e  concen t�at i on ( to 
5 percent ) ,  and da i ly f �equenc y .  New p�oduc t s  to d i splay l cebers/ 
floebe rs l o c a t i on , s i ze and movement , polynya loc a t i on and s i ze ,  and 

i c e  th i ckne s s  a�e al so �•que s ted by u s e r s  of JIC produc t s . Loc at l ns 
i cebe�ss and mapp i ns leads and polynyas would �equ i �e coas tal and 
a l rbo�ne �adar , unt i l  s atell i t e �ada� dat a become ava i l able about 

1990 . The Sov i e t  Co smos s ate l l i te al�e ady c a�� l e s  an SLAR w i th 1-km 

resolut i on wh i ch was used to d i re c t  l cebreake� ac t i v i t i e s  when a 
me�chant c onvoy was be s e t  by i c e  i n  the Ea s t  S i be r i an Sea l n  the fall 
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FIGURE 2-4 An enhanced i ce i n format ion p�oduc t . 

of 1983 . Ice th ickne s s  su�veys by a i �bo�ne sys tems a�e s t i ll 
ezpe� imental . 

Some of  the new p�oduc ts �eque sted may fall w i th i n  the g�ay a�ea of 
spec i ally tai lo�ed se�vi c e s . Howeve� , the fac i l i t i e s  needed fo� 
satell i te radar data proce s s i ng , for ezaaple , will  be ezt�eaely 
costlf . Di s semi nat i on of i nformat i on f�om such analyses wi ll also 
requ i �e soph i st i cated data commun i c at i on l i nks , and it is not yet clea� 
how such data del i ve�y sys tems c an be st  be implemented and what costs 
can be cha�ged to users . I t  i s  wo� th not i ng that cost  �ecove�y fo� 
spec i al fo�ecast services  i s  already a well-es tabl i shed p�ac t i ce i n  
Canada ( Atmosphe r i c  Envi ronment Se�v i ce ) ,  the Un i ted Kingdom 
(Keteo�olog i c al Off ice , for long-�ange weathe� fo�ecas t s ) and Sweden 
( Swedi sh Meteorolog i c al and Hydrolog i c al Inst i tute [ SKHI ) fo� spec i al 
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forecasts i n  the Bal t i c  Sea) . In  Sweden over half of  the fundi ns for 
the Kar i n• Forecaat i ns Services i s  der ived from such revenue . 
Government resulat iona do not permi t HOAA to recover costa from such 
act ivi t i e s  and reallocate them to develop and improve the asency ' a  
envi ronment data servi ces . 

Kar i na Analyses and Forecasts 

The v i t al need for measurements i n  the open ocean has been noted . 
Thi s  seneral obj ect ive requi re s  cont inuat ion and expans ion of the 
proven data buoy technolosy and efforts to improve collect ion of 
sh ip-of-opportun i ty observat i on s , espec i ally dur ing n i sht hours . 
Add i t i onal buoys are needed i n  Gulf of Alaska coastal waters , where 
wave forecaat i ns i s  a s i sn i f i c ant problem . In the Ber i ns Sea the 
prosram of Exxon buoys ended in 1985 , but two meteorolos ical towers 
( one each on St . Mat thew and St . Lawrence i slands ) have been cont inued 
and feed the i r  data i nto the NWS system . 

Future Proc es s i ns Plans 

Kaj or advances i n  s atell i te data collect i on over the oceans are 
expected before 1990 ( Jo i nt Oceanosraph ic  Ins t i tut i ons , Inc . , 1985 ) . 
The systems planned for the DKSP , HROSS , Canad i an RADARSAT , and 
European Space Asency ' s  ERS-1 were ident i f ied earl ier in  th i s  chapter . 
The potent i al of these advanced sensor systems wi ll be real i zed only i f  
there i s  t imely data flow ,  proce a s ins ,  and product del ivery to users . 
Th i s  requ i re s  adequate plann ing of orsan izat ional arransement s , 
alsor i thm development , hardware and software procurement , and data 
val i dat ion followins launch . A second es sent i al requ i rement i s  as sured 
fundi ns to i n i t i ate these procedures and to cont i nue the data 
process ins , archivins , and manasement over the 5- to 10-year l i fetime 
of these systems . The cont inu i ns weak pos i t ion of overall budgetary 
allocat i on s  for HOAA and the m i n imal success of new i n i t i at ives ( e . s  . •  

the Ocean Satell i te Services i n i t i at ives ) for such activities  i s  of 
utmost concern . It  cannot be overemphas i zed that implementat ion of 
such plans  requi res  2 to 3 year s ' lead t ime pr ior to launch to enable 
fully operat ional proces s i ns s y s tems to be put in place ( i . e . , F i scal 
Year 1987 for F i scal Year 1990 operat ions ) .  

Defense Keteorolos ical Satell i te Prosram ( DKSP ) 

A new DKSP s atell i te i s  i ncorporat i ns for the f i rst t ime a new 
operat ional SSK/I , and i s  scheduled for launch i n  mid-1986 . It  wi ll  
provide data for ocean surface wind speed , prec i p i t at i on , water vapor , 
cloud water , l iqu id water , and sea- i ce parameters . It  will enter the 
Shared Proce s s i ns Prosram data l ink from the Pleat Humer ical 
Oceanosraph i c  Center ( FHOC) and Air  Force Global Weather Center ( APGWC )  
t o  HESDIS i n  near real-t ime . Orb ital data will be arch ived by SDSD ; 
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orb i tal and sridded br ishtneas  temperatures for polar res ions and 
sridded sea- i ce product s  wi ll be arch ived bJ the Rat ional Snow and Ice 
Data Center ( Weaver and Barry , 1985 ) . NWS and MOS will provide data to 
the c ivil  mar i ne co .. un i tJ ( Sheraan , 1985 ) , but the detai l s  of 
implementat i on are not yet avai l able . 

Ravy Remote Ocean Sens ins System 

The Ravy Remote Ocean Sen s i ns System ,  RROSS , i s  scheduled for 
launch in mid-1989 . It  will provide data froa the DKSP SSM/ I , tosether 
wi th slobal wind veloc i ty ( scatterometer ) ,  all-weather sea-surface 
temperature ( low-frequency mi c rowave radiometer )  and ocean waves , and 
sea ice  edse ( alt imeter ) .  The plan for data d i s t r i but ion i s  as noted 
for DKSP ( Sherman , 1985 ) . 

European Space Asency Satell i te ERS-1 and Canad i an RADARSAT 

The European Space Asency ERS-1 ( 1989-1990 ) will carrJ sensors 
s imilar to those on RROSS . In  addi t ion ,  SAR data will be collected 
over moat of the Arct i c  by d i rect  readout to rece i v i ns stations at 
�iruna , Sweden ; Ottawa , Canada ; and Fai rbanks , Alaska ( PIPOR , 1985 ) . 
Present plans ind i c ate that the European Space As•ncy wi ll provide 5 to 
10 minutes per day of h i sh-rate disi tal SAR data to RASA , which wi ll 
develop an SAR receivins and proces a i ns stat ion at the Un iver s i ty of 
Alaska Geophys ic al Inst i tute i n  Fai rbanks . AD asreement between the 
un iver a i tJ and RASA i s  be i ns worked out for th i s  act ivi tJ and for the 
development of data arch ivins for research purposes . RASA and ROAA 
must complete and implement coordinat i on to enable ROAA to meet near 
real-t ime user needs for operat i onal requ i rement s .  

The Canad i an RADARSAT ( 1990 launch ) i s  also planned to have an SAR 
and scatterometer , but at pre sent ROAA has no plans to receive anJ of 
those data . 

Data Intesrat ion 

An arransement for shared proces a i ns of i nterasencJ meteorolos ical 
satell i te data has exi sted between the Ai r Force , ROAA , and the Ravy 
s i nce 197 5 . Th i s  concept wi ll be implemented i n  1986 wi th data from 
the DKSP and ROAA polar orb i ters , followed by ocean i c  data froa RROSS 
in 1990 ( OAO Corporat ion , 1985 ) . RESDIS will produce atmospher i c  
soundi ns data , PHOC sea-surface measurements and mi c rowave imaserJ 
( antenna and br i shtne aa temperatures ) products , and APGWC vi s ible and 
infrared map imaserJ and cloud analJaea .  Transmi s s ion of data exchanse 
eventuallJ will be accompl i shed throush a dedicated satel l i te wide-band 
coaaun icat i ona system .  RESDIS will also arch ive the data produced 
under th i s  asreement ( OAO Corporat ion , 1985 ) and wi l l  transmi t the five 
channels of AVHRR Global Area Coverase preproces sed orbi tal data . 
Pi sure 2-5 provides an overvi ew of the shared proces s i ns arransement .  
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*Tiros Operational Vertical Sounder; other acronyms are Dated In Appendix C. 

FIGURE 2-5 Shared process i ng overview .  

It  i s  planned that the NESDIS/SDSD will di stribute the shared 
process i ng data on a cost-recovery bas i s  to near real-t ime and 
retrospect i ve users . The sea- l e e  parameters produced from the SSK/I by 
rNOC will be transmi tted v i a  NESDIS/ SDSD to JIC for near real-t ime 
use . The details of these proposals  have not yet been spec i f i ed .  In 
add i t i on ,  the Nat ional Snow and Ice Data Center at the Un ivers i ty of 
Colorado will process  SSK/I br i ghtne s s  temperature data rece ived from 
SDSD i nto &r idded sea- l ee products  us i ng the Sc i ence Working Group 
( 1984 ) algor i thm and di str ibute the proces sed data to retrospect ive 
users (Weaver and Barry , 1985 ) . However ,  fundi ng for th i s  act ivity has 
not been commi tted beyond the development phase . 

A separate agreement i s  be lns  prepared between NOAA and NASA on 
space-related programs . ror data management , th i s  wi ll establ i sh a 
mechan i sm for providing NOAA wi th NASA exper imental re110te-sen s i ns data 
sets and der ived produc t s , and f ac i l i tate NASA acc e s s  to NOAA 
operat ional data for thi s  research program . Spec i f i c  cooperat ion i s  
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expected to i nclude process i ns and manas i ns sea- i ce data by •siDC , and 
applyins the JPL P i lot Ocean Data SJstem ( PODS ) imase proces s i ns 
technolosy to combine s atell i te and in  s i tu ocean data . Ho arranse­
ments have yet been made for the provi s ion of BRS-1 SAR data fro. the 
planni n& f ac il i ty at Fai rbanks , Alaska , to HOAA . 

Proj ect ions of satell i te and other data collect i on i ndicate that 
HISDIS data hold inss will double by 1990 . Bx i st ins HOAA data manase­
ment systems will be unable to handle th i s  srowth as well as the user 
needs for improved data product s  and data acce s s . Moreover , the 
present sJstem c annot adequately provide access  to HOAA' s ex i st i n& data 
holdinss needed by retrospect ive users . Access i s  i ndirect , and tbe 
data are u suallJ provided on tape or di skette wi th a turnaround of daJs 
to weeks . There i s  a recosn i zed need to select ivelJ arch ive the 
i nc reas in& streams of s atell i te data in near real-t ime and to provide 
access v i a  d i rec t computer l i nks . Another pos s ible trend i s  data 
manasement decentral izat ion res ult in& from the spread of micro- and 
mi n i-computer systems and hi &h-den s i ty d i s i tal storase sJstems . 
Adequate qual i ty control would have to be ensured i n  such a case . 

I t  i s  e s sent i al that HOAA provide adequate plann in& and funds to 
upsrade i ts systems for manas i n& archival data and for the h i &h volumes 
of s atell i te data ant i c i pated for the late 1980s and 1990s . The data 
i nput to HBSDIS between now and 1992 will exceed bJ more than twofold 
the total data acqui red over the last century . Moreover , HOAA 
currently archives only 20 percent of all the nat i on ' s  atmospher ic  and 
ocean i c  dat a . HOAA' s satell i te services ( i ncludin& data manas ... n t )  
have remai ned at almost level fundin& s i nce 1980 , wh i le there have been 
rapid i ncreases in POBS and GOBS expendi tures . A HOAA budset i n i t i at i ve 
to remedJ th i s  s i tuat ion was only part i allJ succe s sful for Fi scal Year 
1987 . An i n i t i at i ve for a Rat i onal Ocean i c  and Atmospher i c  Data 
Hetwork to upsrade the envi ronmental data acce s s i b i l i ty i s  under 
cons iderat i on . However , even th i s  proposal i s  modes t  compared wi th 
resources commi t ted to RASA' s P i lot Data Systems . Fai lure by HOAA 
manasement to address  th i s  problem will ser iouslJ hamper many 
co .. erc i al and i ndust r i al development s in  arc t i c  off shore areas and 
would con s t i tute a ser ious waste of the resources i nvested in the new 
s atell i te systems . 

The availab i l i ty of faster computers , ausmented data storase , and 
flex ible imase proces s i n& systems c an be explo i ted over the next S 
Jears to s i sn i f i c antly improve HOAA' s arc t i c  envi ronmental products and 
services . Unt il  now , labor ious manual procedures have been used to 
overlaJ data di splays from d i f ferent sensors or me asurement platfo� . 
Soph i s t i c ated sys tems , such as those available i n  the PrototJpe 
Res ional Observat ion and Forecast System ( PROFS ) of HOAA-IIL , RASA' s 
P i lot Cl imate Data Systems ( RASA , 1985 ) ,  and BORDA ' s Interact i ve 
Di&i tal Satell i te Imase Proce s s i ns SJstem ( Hawkins et  al . ,  1985 ) , 
i llustrate the scope of state-of-the-art technolosy . BeJond these data 
d i splaJ techn iques , however ,  there i s  a need for more research on the 
best  waJs to analyze and comb i ne data on surface wi nds , waves , 
sea-surface temperatures ,  and i c e  cond i t ions  measured from sh ips and 
buoJs wi th satell i te measurements . Likewi se , forecast models should be 
able to d i rectly intesrate satell i te-measured parameters as well as 
der ived var i ables . 
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The data collect ion and aanaseaent i a 1ue1 rai sed here for the 
Arct i c  for. onlr one part of the broad problea of earth sc iences 
reaearcb recentlJ addres sed by the Senior Interasency Group on Space of 
tbe Off i ce of Sc ience and Tecbnolosy Pol i cy ( 1985 ) . Its report 
ident i f ies  NOAA' s priaarr re1pon 1 ibi l i ty for lons-tera envi ronmental 
data bases to aa 1e11  aankind ' 1  slobal iapact or potent i al iapact on tbe 
oceana , atmosphere , and land . The Arc t i c  represents a spec i al coacern 
ia th i 1  contest because of the key role of space-based reaote sena ins . 
The OSTP report recommends that budsetary plana i ns coa a i steat wi tb the 
earth 1 c i encea research plan be i a i t i ated immediately by the relevaat 
asenc iea . 
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COHCLUSIOHS AND RBCOMKINDATIO•s 

The Commi ttee on Arc t i c  Integrated Ocean Info�at ion SJateaa 
presents the followi ng general conclus ions about •oAA' a oceanographi c  
and .&teorolog ical products  and services . 

• HOAA ' a oceanograph i c  and meteorolog ical products  and services 
largely s at i s fy the present publ i c  and pr ivate needs of the mari t i  .. , 
f i shing ,  and offshore o i l  and gas industries  operat i ng in  the arctic  
and subarct i c  seas adj acent to Alaska . 

• HOAA ' s emphas i s  on acqu i r i ng ,  proce s s i ng ,  and d i s seminat ing 
long-term global and reg ional envi ronmental data for arc t i c  eng ineer i n& 
appl i c at i on s , operat ions , and research i s  bas icallJ respons ive to i ta 
mi s s ion . 

• Improvements are needed at present in  forecaa t i n& the rapid 
development of eztreme weather and sea cond i t ions , part icularlJ i n  
Ber i ng Sea areas where the safetJ o f  coastal inhab i tants and f i ahin& 
operat ions may be threatened . 

• HOAA needs to improve acceas ibil i tJ to real-t ime and arch ived 
data systems and capab i l i t ies  now in place or planned for operat ion 
dur ing the nezt 5 years . 

The committee has ident i f i ed the following spec i f ic areas where 
improvements are needed and act i ons  should be taken : 

Pl&Dn lna tor lew latell l te Data Product• &Dd lervlo•• 

• Planned operat ional satell i tes  and sensors wi ll be adequate 
for generat i ng needed surface , ocean , and meteorolog ical remotelJ 
sensed data through the mid-1990& .  However ,  plana for data proce s s i ng , 
arch iving , c atalog i ng ,  and di s s eminat i ng SJStema to deal wi tb the data 
flow ezpected to be generated in the nezt 5 to 10 Jeara bJ new sens in& 
SJstema are inadequate . Further plann in& and i n i t i at ion of ezpanded 
data proces s i ng and s torage c apab i l i t ies under the &overnment ' a  
meteorolo& i c al satell i te Shared Proceas i n& Pro&ra. are dependent on 
lon&-tera progra. co .. i taent and funding bJ HOAA as well as bJ tbe 
Department of Defense ( DOD ) . T i  .. ly implementat ion i s  a maj or concern 
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to the eom.i ttee . Th i s  prosram is nat ional in  scope and effec t ; i t s  
full implementat ion will b e  e s sent i al t o  the provi s i on o f  bas ic  arctic  
envi ronmental services . 

• Data froa the proposed new polar orb l t i ns s atell i tes wi ll be 

benef i c i al to the offshore and mar ine industr ies  provided the data are 
assembled in manaseable fora and made available in near real-t ime . 
These data will also be useful to research i f  theJ are appropr i ately 
arch ived . 

lfc• •ad!d: 
Bnsure necess&rJ plann i na and fundina to process and archive 

data and dls s  .. inate the products derived froa s atell i te sensor 
sJst ... over the nezt 5 to 10 Jears for the Arct ic . NOAA' s  f i �  
lona-te� ea..lt..nt to the NOAA-DOD Shared Proeess lns Prosraa l s  
an es sent i al e l  ... n t  ln thls strateaJ . 

�rovi ns Access to Real-Tl .. Satell i te Data 

• Ez l s t ins satell ite systems are not adequate to support 
ezpeeted future lee data needs o f  f i sheries , mar ine commerce ( tac t i c al 
navl sat lon ) , and offshore e arso transfer act ivi t i e s . Althoush new 
satell i te s  are scheduled to be l aunched dur ins the nezt 5 Jears ( DKSP ,  
ERS-1 , HROSS and RADARSAT) to provide such a capab i l i ty ,  the eo .. l ttee 
lacks con f i dence that the neees s arJ plann ins will be eoapleted and 
fundlns obtained to lmpleaent the tac t i cal lee data needed to support 
f i sh l ns , sovernaent , and industr i al operat ions  in  vh l eh vessels must  
trans i t  ice-frequented or i ce-covered waters .  

Reca..ended : 
Wlth the u . s .  Coast Guard and the u . s .  •aYJ , develop and 

l�l ... nt a plan that d..on s trates appl i cat ion of tact i cal lee 
navlaat ion lnfo�tlon uslns proces sed data and 1--aery froa new 
satell i te sJst ... havins sJnthetlc aperture radar ( BAR) sensors . 

• Def i c ienc ies ez l s t  in  the present real-t ime data deliverJ 
SJstem .  Spee i f l eallJ , bec ause of l imi ted on-board satell i te data 
storase e apab l l i tJ ,  a sround reee lvlns stat ion in  Alaska for SJntbet le 
aperture radar and a real-t ime lnforaat lon d i sseminat i on SJStem are 
es sent i al to meet near real-t ime data needs . 

Reea..ended : 
Bnsure the construct i on of a sround reee lvlns s tat ion in 

Alaska for BAR and other data , and provide the eapab i l i tJ for 
subsequent di s s  .. lnatlon of data ln near real-tl .. . 

�rovlns Arch ived Satell i te Data services 

• Satell i te data are not be i ns inventor ied and arch ived to the 
extent the eo .. l ttee bel ieves will be needed for future analJs l s  and 
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planni ns for arc t i c  act ivi t i e s . Also , there i a  a need to i_,rove 
acces s  to arch ived data . 

• An overall plan i s  needed that addresses the needs of all 
users of data from sensors on current and future s atell i tes , provides 
for for.att i ns data in  a useable fora , and d i s aeai natea and arch ives  
the data . 

Rec01aended : 
Give hi sh prior i tr to developins i�roved .. ana of acce a a i na 

arch i ved data . Part icular e.,haa i a  should be s iven to qual i tr 
control , data vol..e , croaa  referenc ins , tel ... ter, , and data base 
11&11&1-Dt . 

Val idat ins Satelli te Data 

• There i s  insuff ic ient effort to val idate orb i t ins satellite 
sensor data . 

Reca..ended : 
Kaz imize the potent i al benef i t s  froa the new and coatlJ 

satell i te sensors bJ prov i d i ns funds , plana ins , and prosraa 
leadersh i p  to obtain surface-baaed and ai rborne .. asur ... nta to 
val idate satell i te sensor data and the alsori thas used . 

IntesratiDI Barth and Satell i te Data 

• There i s  need for further inveat i sat ion i nto wars to enhance 
i nfor.at i on servi ces bJ coab i n i ns data obtai ned froa var ious satell i te , 
earth , and ai rborne sensors . 

Rec01aended : 
Develop appropri ate hardware/ software srat... to caablne data 

from var ious satell i te and surface-baaed sensors to ut i l i ze more 
fullJ the current and future data froa the arctic and subarctic 
ocean areas . Tb l a  act i on auat be taken j o i ntlr bJ both operat ional 
and research el ... nta wi thl D  .alA . 

Autaaat i ns Satell i te Data Proces a ins 

• The rout ine ezchanse of data in the aeteorolos ical satell i te 
Shared Proc e s s i ns Prosram i s  vulnerable to hwaan error . Th i s  repre­
sents a maj or weakness  ln the planned acqu i s i t ion- i nterpretat ion­
d i s semi nat i on process . 

Reca..ended : 
Autoaate the ezchans• of data a.ons the three Centers of 

Bzpert i ae dea ianated in the .. teorolosical satell i te lhared 
Procea a lns Prosraa . 
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Bzpandin& OCeanoaraph lc  Basel ine Data Acqu i s i t ion 

• Satell i te sensors can provide adequate atmos pher i c  and surface 
data , but the e ssent i al needs of all users for lona-term subsurface 

oceanoaraph i c  data are not sat i s f i ed . Basel i ne f i shery and 
oceanosraph i c  data in the Ber i n& Sea and parts of the Gulf of Alaska 
are inadequate , espec i ally t ime-aer ies  data for the water column 
structure . Recent developaents in  automated data acqu i s i t ion sys teaa 
can help s at i s fy these needs . 

Reca..ended : 
Obtain and aal ntain a lona-te� t i  .. -aer i e a  of subsurface 

arc t i c  and oceanoaraph l c  data for f i sher i e s  appl i c at i on and 
research . Parti cular atten t i on should be a iven to the poa a lb l l l tJ 
of ua l n& automated data acqu l a l t l on IJ&t ... such aa IJ&t ... placed 
on sh i ps-of-opportun i ty , dr l ft ina buora , and aoored l natru.enta in 
subarct i c  ocean areas .  

Iaprovin& Porecaat i na Services , Data Sources , and MOdels 

• Nowcast in& of small-scale severe weather and l ee movement for 
arc t i c  aar i ne and coastal areas i s  needed but i a  not be ins done . Wh i le 
local s pec i al i zed services are ezpected to be prov i ded by pr ivate 
i ndustry , better access  to NOAA ' s envi ronmental data base i s  needed . 

Reca..ended : 
In concert with pr ivate l nfo�t ion serv i ces , improve the 

acqu i s i t ion and di asealnat i on of locallJ detai led arct ic 
.. teoroloalcal and oceanoaraph ic info�t ion to the f l ahlna 
industry , local ca..un l t l e a , and ca...rc i al ves sels and porta , and 
develop and iapl ... nt a plan that : 

Resolves wi th the user ca..un i t i e a  add i t ional needed 
satell i te dat a ,  weather observat i ons , and lee aon i torl n& 
a l tea in  the Arc t i c ; 
Provides a .. ana of putt i na the data i n  a useable fo�; 
Di a a  .. i natea and arch ive s  appropr i ate data . 

• Dedi cated .. teorolos i c al buoys for weather forecas t in& ln  the 
Arc t i c  are lacki ns , and coveraae of the arc t i c  coast l s  i nadequate i n  
reaard t o  rapid sens ins and report l ns o f  develop i ns arc t i c  lows and 
other severe weather condi t i ons . 

Reca..ended : 
Insure the avallab ll i tJ of buora for obtai n i n& .. teoroloa ical 

as .. 11 aa oceanoaraphi c data . 

• There are no numer ical atmospher i c  forecast models des i aned 
spec i f i cally for the Arct ic . Kost  ez i st l n& operat i ons  aodela are tuned 
to perform bes t  at mid-lat i tude s . 
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Reca..ended : 
Conduct research to develop and i�rove operat ional 

at.. apher i c forecast .odels to : 
Provide nowcaa t l ns techn iques for arct i c  appl icat i ons . 
Enhance current Kat lonal Weather Servi ce ( .WS )  .aria• 

forecasts . 
Provide a lons-t•� h i adcaat ( such as 20 rears ) of 

.. teorolos ical and oceanosraphic cond i t i ons i n  the Ber i ns Sea us i a& 
an appropri ate .odel . Unt i l  thi s  .odel i s  developed , NOAA should 
arch ive synopt i c charta der i ved bJ the .ws in Alaska . 

x.prove lee eds• predi ct ions . 

Providias Adequate F l aher lea Data 

• HOAA , under the requ i rements of the Kasnuaon Fi aherJ Conser­
vat ion and Kanasement Ac t of 19 7 6 , i s  respons ible for aanas ... nt of 
f i sherJ re sources ln the U . S .  ocean areas in the Arc t i c . HOAA data and 
products  that f l sheraen and f i sher ies manasers use to forecast f l ab 
abundance and distribut ion i n  arc t i c  waters are aars lnallJ adequate . 

• Arc t i c  ocean f i shery manasement depends , to a larse extent , 
upon data collected bJ observer prosr..a funded e i ther di rectlJ by 
fore i sn sovernmenta , or i ndi rectlJ throush the collect ion of f i ah i ns 
fees . A sh i ft to da.es t i c  harveat ins will requi re a s iai lar da.a a t i c  
observer prosram . 

I!COII!Qded : 
Develop an adequate f i sher, data collection &Jat .. for 

da.a a t l c  f i sheries in the Arct i c . Th i s  act i on wi ll requ ire funds 
to replace the los s  of fore i an-f i nanced observers who now provi de  
auch o f  the f i sheries data . In the inter ia ,  IOAA should cont inue 
to i nveatisate the poa a lb l l l tJ of plac ins autaaat l c  reportiaa 
devices aboard fore i sn and da.eat l c  f i ahins ves sels to acqui re 

real-t l  .. weather , sea state , and f l aherr catch data . 

Upsradins the Tsunami Varnins servi ce 

• Tsunami s pose a severe r i sk for coastal locat i ons  in  the Gulf 
of Alaska . Systems for rel i able detect i on of seabed se i smi c events and 
earlJ detect ion of ocean se i smi c waves , as well as s atell i te coa.un lca­
t ion of th i s  inforaat lon , are e s sent i al to i s sue t lmelJ warn i nsa . 
Accurate bathymetr ic  and coastal survers would sreatlJ laprove the 
bas i s  for predict ins tsunami effects . Improved recorda of past events ,  
travel t ime s , and effects are e s sent i al to research concern i ns 
mechan i sms , character i st i c s , and predlctab i l i tJ .  
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I!CQII!p4e4 :  
Uparade the srst .. for provl4lDI t l  .. lr wara laas of lafre­

queat , but poteatl &llJ 4evas t 1 aa , tsUD .. l s  aloaa the coastl lae of 
the Gulf of Alaska bJ 4eplor laa an4 testlaa laprove4 seabed ael .. l c  
detect loa devi ces aad fal l-safe satell i te traa sal s s loa o f  4ata oa 
oceaa level aa4 sel .. lc waves to the .ws Alaskaa wara l DI ceater . 
�rove .o4el lDI of travel t l  .. s aa4 coastal rua-up of tsua .. l 
waves . 
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APPDDU A 

NOAA ACTIVITIES AND NBBDS POR OCIANOGRAPHIC AKD 
KBTIOROLOGICAL DATA POR ARCTIC MARINI OPIRATIONS 

Th i a  appendi z  summar i zes prosr..a of the Nat ional Ocean ic  and 
Atmospher i c  Admi n i s trat ion ( NOAA) and i ndicate• ao .. needa for 
acqui a i t ion of oceanosraph i c  and .. teorolosical infor.at ion to aupport 
i t a  own operat ions . Theae aumaar iea  are baaed on aater i al provided by 
NOAA at the reques t  of the ca.ai ttee . 

NATIONAL OCIAN SBIVICI 

In December 1983 NOAA Admi n i strator Dr . John v .  Byrne inatructed 
the Nat ional Ocean Service ( NOS ) to take the lead in intesrat i n& 
oceanosraph i c  and .. teorolos ical aervicea to the aar i ne ca.aun i ty .  
Th i s  aandate waa added to a srowin& l i a t  of reapona ibil i t iea placed on 
the NOS predeces sor asenc iea  by Consrea a  and the ezecut ive branch a ince 
1807 . Conaequently , NOS haa lons-atand i n& reapona i b i l i t iea i n  aari ne 
mappin& , chart i ns , and seodeay , as well aa docu.ent i n& fluctuat ion• i n  
lake and ocean levels c aused b y  lunar and atmospher i c  forces . 

In the Arct i c , NOS has been part icularly act ive i n  aa a i at i n& the 
State of Alaska in aurveyi n& i t a  coastl i ne and waterwaya . Accurate 
aurveya were requi red becauae of the potent i al royaltiea  froa t i deland 
o i l  and mi neral• leaaea . NOS haa alao aa a i a ted the Mi nerals Kanase .. nt 
Service by mappi n& areas of the cont i nent i al shelf alated for offahore 
o i l  and sa• leaa i ns . 

S i nce weather and cl imate impoae harah effect a  on all ship  and 
ai rcraft operation• i n  the Arc t i c , and bec auae NOS baa a lons-te� need 
for cont i nuoua obaervat iona to support the NOAA f i eld aerv i ce , it wi ll 
play a lead i n& role as the i ntesrator and coordi nator of ocean envi ron­
mental producta and servi ces . In thi a  resard , NOAA Admi n i atrator Dr . 
Anthony Cal i o  and the oceanosrapher of the Navy , Rear Admi ral Richard 
Seeaholtz , requea ted NOS to prepare a Techni c al laprove .. nt Plan for 
the Navy/NOAA Jo int Ice Center for aubai a a ion to both orsan i zat iona l n  
the fall of 1985 . 
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NATIONAL WEATHER SERVICE 

The Nat ional Weather Serv i ce ( HWS )  makes atmospher i c  observat ions 
as requ i red to provide meteorolog ical forecast and warn ing servi ces . 

NWS product s  i nclude weather forecasts and severe s torm and adverse 
weather warn i ngs for the protect ion of l i fe and property . HWS al so 
makes observat ions and measurement s of ocean cond i t i ons as requ i red by 
mar i ne i nteres ts . These observat ions are used to d i s tribute forecast s  
and warn i ngs of waves , taunaai s ,  s e a  ice , and other ocean cond i t ions 
for the protect ion of l i fe and property and to enhance the eff iciency 
of mar i ne operat ions . NWS i s  al so respons ible for develop i ng meteoro­
log i c al , cl imatolog i c al ,  hydrolog i c , and ocean serv i ce sys tems to meet 
user requ i rements .  

General long-range HWS data obj ectives i nclude an all-weather 
satell i te sys tem wi th a complementary network of surface observat ion 
s tat ions ( on both land and water ) .  Data produc ts that are , or soon 
will be , obtained from the s atell i te sys tem i nclude : 

• vi sual and infrared cloud cover 
• surface wi nd speed and d i rect i on 
• sea state 
• sea-surface temperature and current speed and d i rect i on 
• vert i c al atmospher i c  temperature and humidi ty prof i les 
• sea- l ee type , extent , and concentrat i on 

Surface observat ions needed to provide ground truth cal i brat ion for 
the satell i te data are : 

• wi nd veloc i ty and gusts  
• spectral energy , wi nd , wave. , and swell 
• barometr i c  pressure and pres sure tendency 
• a i r  temperature 
• v i s i b i l i ty 
• relat ive humidity or dew po int temperature 
• sea-surface temperature and subsurface temperature prof i les 
• sea- l ee dr i ft 
• ocean current veloc i ty 

To obta i n  such basel i ne i nformat ion , report ing hourly i s  requ i red 
from a network of f i xed stat ions . These stat i ons al so be c apable of 
report i ng more frequentlJ when certain  threshold values are exceeded . 
Th i s  network should prov ide data i n  a t ime-aer ies  selected to detect 
rapidly movi ng or i ntens i fy i ng s torm systems . Th i s  c apab i l i ty would be 
used to alert forecasters to trends and thresholds for early warni ngs , 
and such a network would permi t i nterpolat i on and t imi ng of events 
between po ints . In add i t i on ,  an effect ive synopt i c  network would 
produce weather cond i t ion "snapshots , "  and provide improved data having 
cont i nu i tJ wi thout breaks or vo ids i n  the data record . After several 
years of operat i on ,  the satell i te observat ional i nput s  will improve the 
data base for c l imatolog ical arch ives . Th i s  synopt i c  network wi ll also 
provide inputs to forec ast model s  and pr ivate sector users . 
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RATIONAL KARIMI FISHIRIIS SIRVICB 

The Rat ional Kar i na Fi 1har i a 1  Service ( RKFS )  admi n i s ter• a aar i na 
f i sharia1  prosra. that promote • the con1arvat ion , aanas ... nt , and 
development of livin& aari na ra1ourca1 for ca..erc i al and recreat ional 
usa . The prosr .. i nclude• 1arv i cas and product• that 1upport f i 1harias  
aanasament operat ions ( doma1t i c  and fora i sn > , f i 1har ia1  development and 
i ndu1try as s i 1 tanca act ivi t ia1 , protected 1pac ia1  and hab i tat conlarva­
t i on operat ion• , and the 1c iant i f i c and techn ical a1pact1 of NOAA' s 
mar i ne f i 1har ia1 resources prosraa . 

One of the fund ... ntal internal needs of RKFS for arct i c  envi ron­
mental informat ion i 1  the 1 afa operat ion of NOAA and chartered research 
va1 1als--a requ i rement shared by all arc t i c  saafarar1 . Timely envi ron­
mental i nformat i on i s  needed on ••a- i ce loc at i on ,  bottoa toposraphy , 
and weather cond i t i ons and forec ast . 

Beyond these c r i t i c al fundamental requ i re .. nts i 1  the da1 l rab i l i ty 
of supplemental i nformat ion on subsurface phys i c al and ch .. ical 
propart ie1 of  arc t i c  waters . These data are mo1t frequently acqu i red 
by the f i sher ies  ra1aarch ve1 sal1 th .. lalves , althoush nu.erous other 
sovernmantal asanc ias  and nonsovernmental i n s t i tut i on• have contr ibuted 
eztans ivaly to the arc t i c  oceanosraph ic  data base . The acqu i s i t ion of 
more eztan s i va sub1urface ocaanosraph i c  i nfo�at ion in arc t i c  watar1 , 
wh i le des i rable , may be proh i b i t ively azpan 1 l va . Th l 1  1 i tuat ion could 
be ..al ioratad by i n i t i at ion of a shi p-of-opportun i ty effort in arc t i c  
waters t o  collect bas ic  data , such a 1  temperature prof i le• and 1urfaca 
wi nds . Add i t i onal measurement of  s al i n i ty , ozysan , and nutrient• aisht 
be handled in a s imilar aannar . 

Unfortunately , pra1ant h i &h-ralolut ion 1 atall i ta-darivad ocaano­
sraph ic  parameters from NOAA s atell i te• are con1 idarably ra1trictad l n  
hi&h lat i tudes by cloud cover . Soma par ... tars-- such a s  sea- l ea 
covarasa , ••a-surface temperatura , and chlorophyll concantrat ion-- 1 •  
measurable , but not on a rout i ne bas i s . Of the data to be provided by 
newer s atell i tes ( DKSP and future NOAA and Navy s atall i tal ) ,  
sea-surface temperature , chlorophyll concentrat ion , 1urfaca wind1 , and 
lea adsa po1 i t ion ,  will be of sraatast usa to f i 1har ia1  ra1aarch . 

NORTHWEST AND ALASKA PISHIRIIS CIRTIR ( RWAFC ) , RISOURCI ASSISSKIMT 
AND CORSIRVATIOR , IRGIRIIRIRG DIVISION 

The Rorthwe1t and Alaska F i sheries  Canter ( RWAFC ) hal a cont inulns 
prosra. to assa1s sroundf i sh and crab resource• of the 1a1tarn North 
Pac i f ic Ocean and the Bar i ns Sea .  Tha1a survey• provide inforaat i on on 
compos i t ion , d i stribut ion , abundance , and biolos ical characta r i l t i c l  to 
the North Pac i f i c  Fi shery Kanasamant Counc i l , the Internat ional North 
Pac i f i c  P i 1har ias co .. i s l ion ,  the State of Alaska , and envi ronmental 
manasamant asanc ia1 . The strata&J for collact i n& th i s  informat ion 1 1  
basad on annual and trienn i al 1urvays that i nclude i nternat ional 
ra1aarch cooperat i on wi th Japan and the Soviet Un ion . The data ba1a 
basin•  in 1955  for kin& crab and 1972  for sroundf i sh ln Bri stol Bay . 
The surveys ware ezpanded i n  197 5-1976 to support f l 1hary manasaaant l n  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

N O A A  I n f o r m a t i o n  S e r v i c e s  f o r  U . S .  A r c t i c  M a r i n e  O p e r a t i o n s :   A n  A s s e s s m e n t  o f  N e e d s  a n d  T e c h n o l o g y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 3 1

http://www.nap.edu/catalog.php?record_id=19231


69 

the new F i sherJ Conservat ion Zone implemented by the Kagnuson F i shery 
Conservat i on and Kanagement Act ( MPCKA) of 1976 , wh i ch extended u . s .  
j ur i sdict ion over commerc i ally important resources extend ing from 
Un imak Pas • to the u . s . -sov iet Un ion Convent ion L i ne . These surveys 

document var i at i ons ln abundance of more than an order of magn i tude for 
king and Tanner crab , and cod and other groundf i sh s pec ies . Short-te� 
predict ions of resource availab i l i ty ( 1  to 3 years ) are provided 
regularly to management agenc i e s  and to the dome s t i c  f i sh i ng i ndu1try . 

IIATIOIIAL KARIIIE KAIUIAL LABORATORY , liMPS 

The Kar i na Kammal Laboratory conduc ts research on the i nteract i on 
of aar i ne mammals wi th f i sher i e s  and lndu1t r i al development , par­
t i cularly how these interac t ions affect growth and populat i on recoverJ . 
Of part i cular concern to liMPS management are decl i ne s  i n  northern fur 
seas and sea l ion populat ion• l n  the southern Ber i ng Sea . Effects of 
prey ( f i sh )  availab i l i ty on feed i ng patterns , f i sh i ng operat ions ( debr i s  
entanglement i s  a part icularly grim threat to p l nn i peds ) , envi ronmental 
factors ( e . g . , ice , water temper ature , and currents )  haulout and 
breedi ng hab i tat , reproduct i on , and di seases are all keJ subj ects  under 
investi gat ion . 

There are two maj or management i 1 1ue• for liMPS concern i ng cetacean• . 
The f i rs t  i s  the effect of the i n c i dental take of Dall ' s  porpo i se i n  
the Japane se , h i gh seas , s almon g i llnet f i shery i n  the Ber i ng Sea and 
llorth Pac i f i c . Japanese s almon f i sh i ng and re1earch ves sels are used 
to collect sample• of landed mar i ne mammals for b i olog i c al studies , 
populat ion enumerat ion , and dete�l nat ion of the rate of inc idental 
take . The second i s sue i s  recovery and mai ntenance recru i tment rates 
in the u . s .  arct i c  1eas of bowhead Whale populat ions and some bowbeads 
are taken by Alaskan Eskimos in a subs i s tence f i shery , and the i r  hab i t at 
aay be threatened by offshore o i l  and gas development . liMPS conducts  
aer i al survey• i n  the spr i ng to photograph the whale• . Photogramme tr i c  
analy1e1 are then performed t o  as ••• • the s i ze d i s tr ibut i on ( length ) of 
i ndividual whales in order to e s t imate recru i tment , to determi ne overall 
populat ion 1 i ze , hab i tat u1e , and l i fe h i story . 

IIATIOIIAL IIIVIROIIKIIITAL SATELLITE , DATA , AIID IIIFORKATIOII SERVICE 

IIESDIS conducts an integrated program to develop and use c ivi l i an 
s atell i te-based envi ronmental remote-lens i ng systems ; admi n i 1 ters 
nat i onal and internat i onal acqu i s i t i on ,  process i ng ,  d i s semi nat i on ,  and 
exchange of envi ronmental data ; and develops and operates c ivi l i an 
s atell i te systems . It requ i re s  arc t i c  envi ronmental data to support 
its partic i pat ion in the IIAVY/IIOAA Jo int Ice Center ( JIC ) and it• other 
foreca•t i ng respons ibi l i t ies . Operati onal product •  that result from 
JIC i nclude arct i c  lee  analy1e s ; sea-ice  edge , concentrat i on ,  and age ; 
forec ast dates for sea- l e e  break-up and freeze-up at h i gh ,  med i um ,  and 
low re1olut ions ; and sea-surface temperatures .  Ice atlases and a 
dig i tal data base are also prepared i ndependently by the JIC . 
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To conduct ita mi s s i on ,  NESDIS requ i re• real-t l .. acces a  to advanced 
very h i gh resolution vi s ible and infrared s atell i te l--eery ( 1  � 
resolut ion ) , global-area coverage vi s ible laagery ( 4  � resolut ion ) , 
and geostat ionary ( GOES ) v l s lble imagery ( 1  � resolut ion ) . ( Raw data 
i ngestion should be wl th l n  3 hours of obaervat ion to permi t lta  uae ln 
analyaes . )  These satell i te data are supple .. nted by convent ional and 
spec i al env i ronmental report• fro. sbore stat i ona , ships , and Canadi an 
lee reconnai s s ance fl l gbts that prov ide sea-lee concentrat ion , l ee-type 
d i s tr i but i on , and ice edge informat ion . Scann i ng mult ichannel mi crowave 
radiometer-based sea- i ce-edge charts ( 60 � "coarse" resolut ion )  are 
alao requ i red to " f i ll-in" holes in  operat ional charts vb l ch result 
froa pers i stent cloud i nes s .  

D i g i t al image proces sors have been proposed to replace current 
manual methods of produc i ng operat ional sea- l ee analyae s .  These 
procea aors would man ipulate h i gh-volume data sets and .. rge di fferent 
format data sets us i ng i nterac t i ve tecbn iquea . Beg i nn i ng ln  1987 , 
spec i al sensor mi crowave imager data and h i gh-resolut ion v i s ible and 
i nfrared images wi ll become ava i lable froa the DKSP , and wi ll be par t  
o f  the Shared Proces s i ng Program . NISDIS wi ll implement a n  on-l i ne 
users serv i ce in  1987 to prov ide accesa to GOES , polar orb i ter , and 
Shared Proces sor metsat data bases . 

OFFICI or OCEAIIC AID ATMOSPHERIC RESEARCH 

The Off i ce of Ocean and Atmoa pheric  Research ( OAR) conduct• an 
i ntegrated NOAA research and development progra. . The progra. cona l a t s  
of NOAA laboratory and extramural reaearcb proj ect s that are relevant 
to NOAA services and reaource management . OAR' •  proj ects uae rout i nely 
collected convent ional envi ronmental data products ( botb real-t ime and 
arch ival ) . Re search proj ects that requ i re nonrout l ne envl ron.ental 
obaervat i onal data mua t  collect those data as a spec i al part of tbe 
proj ect separate from the rout i ne f i ndings . 

OAR arc t i c  proj ects  addres s  three problea areas wh i ch bave an 
i nfluence on NOAA' s mi s a ion : 

• rapid  enc roachment of sea ice i nto ice-free areas ; 
• sea-lee concentrat ion , movement , and convergence and 

d ivergence ;  and 
• arc t i c  weather forecaa t lng .  
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APPENDIX B 

THE STATUTORY BASIS FOR NOAA ACTIVITIES 

At lea1t 38 laws , re1olut i on s , and execut ive order• fo� tbe 
1tatutory ba1 i 1  for NOAA' • current act ivi t ies . These are l i lted at tbe 
end of th i 1  appendi x  and referenced in the paragraphs to follow . For 
conven i ence , the 1tatutory author i t ie•  have been d i v i ded i n to s ix 
c ategor i e 1 . The followi ng i 1  a very br ief summary of the most 
important requ i rement • and author izat ions i n  each c ategory . 

WEATHER 

• NOAA i 1  requi red to take needed data and me a1urement1 , 
forecas t weather ,  develop i nternat ional meteorolog i c al report i ng 
networks ( i nclud i ng ones i n  the Arct i c ) , coordinate u . s .  meteorological 
data requ i rement• , 1upport development of meteorolog i c al sc ience aad 
re1earch ; l a related law repeats the requ i rement that NOAA develop an 
i nternat i onal report i ng aetwork . 2 

• NOAA i s  al1o requ i red to e1tabl i 1h a cont i nu i ng research 
program to mon i tor 1trato1pher i c  changes aad determi ne resul t i ag 
cl imat i c  effect1 . 3 

• NOAA mu1t prepare comprehens ive 5-year plans for ocean 
re1earch , development , and mon i tor ing so that nat ional pr ior i t ie1 can 
be let . 4 

• NOAA i 1  author i zed to make meteorolog i c al observat ion1 , 2 to 
study severe d i sturbance•  i a  the atmosphera , 5 aad to part ic i pate 
fully in the 5-year Nat ional Cl imate Prograa . 6 

• NOAA i s  di rected by execut ive order to perform the fuactioa• 
of the Nat i onal Oceanograph i c  In1 trumentat ion aad Data Centers and the 
Nat ional Data Buoy Development Proj ect1 ; 7 the1e funct ion• were 
tran1ferred from the Navy and the coa1t Guard , re1pect ively . 

• A Senate re1olut ion expre s 1e1 the 1ense of Congres s  that NOAA 
repre1ent the Un i ted States i n  part i c i pat i ng fully i a  a worldwide 
weather program or systea . 8 

FISHING AID WILDLIFE 

• NOAA i 1  requ i red to make F i shery Management Plans available to 
the publ ic  and to c arry out a comprehens ive f i 1hery research program to 

7 1  
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support preparat ion of such plan s . 9 An annual report to  Consres•  on 
allocat ion levels  i s  requi red . 

• NOAA mu•t  be con1ulted on protect i on of f i sher ie• resources 
from d..ase caused bJ subsea mi n i n& operat ion1 . 10 The SecretarJ of 
the Inter i or mus t  cooperate on f i lh and wi ldl i fe re 1earch , and the 
re1ult1 mu1 t  be made publ ic ; lO and the State Department mu1t con1ult 
wi th the Commerce Department in developin& f i shery 1chedule1 and 
su idance mater i als . ll  

• NOAA i s  authori zed and d i rected to provide srants to  1tates 
concernin& sports f i shery proble.- . 12 

• NOAA must enforce the Internat ional Convent i on for the H i &h 
Seas F i sher i e s  of the Pac i f i c  Ocean . l3 

• NOAA is requ i red to implement the convent ion between the 
Un i ted States and Canada outl i n i n& research to be c arr i ed out on 
sockeye and pink salmon in the Fraser River . l4 

• NOAA i s  requi red to c arrJ out seal re search i n  accordance wi th 
the Pur Seal Convent ion . l S 

• NOAA i s  author ized to enter i nto j o i nt proj ect s  wi th 1tates to 
protect anadromous f i sh and to conduct related research . l6 A s iailar 
act author i zed NOAA to cooperate wi th 1 tates  on f i lhery research . l7 

• NOAA is author i zed to c arrJ out 1tudie1  and i nve1ti sation1 on 
broad aspect s  of f i shery resource s ,  i ncludi n& production and 1ale of 
f i sh ,  abundance of resources ,  and related stat i st i c al data . l8 A&ai n , 
NOAA i s  authori zed to protect f i sherJ resources . 

• NOAA i s  author i zed , by s everal seneral law1 , to studJ 
misratory 1port f i shes , l9 cooperate i n  whal i n& stud i e 1 , 20 cooperate 
wi th state and federal asenc i e 1  to study salmon 1 tock1 in the North 
Atlant i c , 21 establ i sh a 1 almon and steelhead re search prosr.a, 22 

and conduct j o i nt research wi th Japan on s almon f i 1heries and aari ne 
mammals i n  the Pac i f i c . 13 

• NOAA is author i zed to support a broad research prosr.a for the 
protect ion of mar i ne mammals and to publ i sh re1ult1 in the Federal 
Resi l ter . 23 ( Th i l  law also bans  the takin& and export i n& of mar i ne 
mammals , wi th some except ions . )  

• The SecretarJ of Commerce i s  author i zed to 1 tudy endansered 
spec i e s  and l i s t them publ iclJ . 24 

• NOAA is pe�i tted to report25 on the f i lherJ and wildl i fe 
aspects of water development proj ects . 

• NOAA and the State Department are allowed to set the 
allocat ion levels of f i shery re1ource1 to be removed bJ fore i sn 
nat i ons . 9 

• NOAA i s  allowed to enforce the Hal ibut F i sh i n& Convent ion 
between the Un i ted States and Canada . 26 

ENVIRONKBNTAL CONSERVATION 

• NOAA i s  requ i red to prepare an Envi ronmental "lapact State .. nt 
whenever any proposed act ion of the asencJ wi ll l i &n i f i cantlJ affec t 
the qual i ty of the human envi ronment . 27 
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• ROAA i s  requ i red t o  i n i t i ate a broad research prosram o n  the 
effects of pollut i ol C i nclud i ns ocean dump i ns ) , overf i sh i ns ,  and 
ecosys tea chanse s . 2 

• The Secre tary of Comaerce i s  author ized to de s i snate aar i ne 
sanctuar i e s  of ocean , coastal , and Great Lakes waters . The SecretarJ 
aust consult wi th other federal departaents and state off i c i als . The 
SecretarJ of Comaerce shall i s sue appropr i ate resulat ions that are 
subj ect to review and approval by the sovernors .  ROAA i s  author i zed to 
cooperate wi th other nat ions in such stud i e s . 29 

• ROAA i s  author ized to c arry out research on the effec ts on the 
aar ine envi ronaent of seabed ai n i ns and ain ins waste  d i sposal at 
sea . 30 

EARTH SCIIRCIS 

• ROAA i s  des isnated the central asency to collect seoaasnetic  
data and to  aake i t  avai lable to  others . 31  The s aae law author i zes  
ROAA to aake seodet i c , toposraph ic , and hydrosraph i c  studies : .. asure 
t ides and c urrents ; and to aake other f ield surveys to collect bas i c  
data and develop navi sat ion charts  for a broad ranse o f  users . 

• ROAA i s  also author ized to conduct research i n  the seophJs i c al 
sc i ence s  and to enter into j o i nt proj ects to do survey i ns " i n  the 
publ ic  i nteres t . "31 

SUBSIA MIRIRG 

• ROAA i s  requ i red to be consulted on preparat i on of anJ subsea 
ai n i ns plan . lO . 

• ROAA i s  author i zed to c arrJ out research on subsea ain i ns , 
part icularlJ on aatters such as health , safetJ , pollut ion , and 
econoai c s . 32 ( It was th i s  les i s lat ion wh i ch tran s ferred the Mi nerals  
TechnolosJ Center to  ROAA froa the Bureau of Mines . 32 ) 

• ROAA i s  peraitted to accelerate studies  of how ain i ns and 
other comaerc i al ac t iv i t ies  affe c t  the aar i ne envi ronment . 30 

COASTAL ZORI MAJIAGIMEIIT 

• The SecretarJ of Comaerce i s  author i zed to aake srants and 
contracts  wi th anJ coastal s tate to develop and iaple .. nt a aanase .. nt 
prosram for the coastal zone and for acqu i r i ns and operat ins e s tuari ne 
aar i ne sanctuar i e s . 33 

GIRIRAL ARD MISCILLDEOUS 

• ROAA has respons ibi l i t i e s  for remote sens i ns , i nclud i ns the 
storase and aaintenance of satell i te data and the requ i re .. nt that data 
be aade avai lable on a nond i scr iai natory aanner to c iv i l i an users . 34 
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• HOAA is  mandated to  part i c i pate in  reorgan i zat ion i n s ide the 
federal government . For example , HOAA now has the u . s .  Army Corps of 
Eng i neers ' former respons ib i l i ty for conduct i ng bas i c  research on 
water , i c e , and snow . 35  Th i s  law also g ives HOAA most of the func­
t i ons of the Mar ine Minerals  Technology center and all funct ions of the 
Rat i onal Sea Grant Prograa . 

• HOAA i s  author i zed to support a var i ety of programs to enhance 
broad unders tand ing of ocean and coastal processes  and resources  and to 
support re search on nat ional needs wh ich have been i dent i f i ed . 36 

• HOAA i s  author i zed to support research and develo�nt of 
diving , particularly i n  hos t i le envi ronments . 37  

• One of the oldest relevant laws authorize s  all  agenc ies  wi th i n  
the Commerce Department to carry out spec i al s tud i e s  and make th .. 
avai lable at cost and to undertake j o i nt research proj ects wi th others 
i n  areas of mutual interes t . 38 

RELEVANT LAWS , RESOLUTIONS AND EXECUTIVE ORDIRS 

1 .  Federal Avi at i on Ac t of 1958--49 u . s . c  1463 
2 .  Weather Bureau Act--15 u . s . c .  313 , 313a 
3 .  The Clean Ai r Ac t--42 u . s . c .  7454 
4 .  Rat i onal Ocean Pollut ion Plann ing Act--33 u . s . c .  1704 , 1705 
5 .  Act of June 16 , 1948--15 u . s . c .  313 nt . Stat . 70 
6 .  Rat ional Cl imate Program Act--15 u . s . c .  2904 , 2907 
1 .  Execut i ve Order Ho . 11564--15 u . s . c .  1517 nt . 
8 .  Senate Concurrent Resolut ion 67--World Weather Program , May 29 , 

1968 , 82 Stat . 1443 ( not i ndependent authori ty )  
9 .  Magnuson F i shery Conservat i on and Management Act of 1976--16 

u . s . c .  1801 , et seq . 
10 . Alaska Rat ional Interes t  Lands Conservat ion Ac t--16 u . s . c .  3101 
11 . F i shery Attache Program--Execut ive Order Ho . 10249 , June 4 ,  1951 , 

16 F . R .  5309 ( 3  C . F . R .  1949-1953 ) and Memorandum of Unders tandi ng 
between the Departments of State and the Inte r i or ( HKFS Attache 
program operates under the terms of the May 5 ,  1959 MOU ) wi th 
respe c t  to the Minerals  and F i sher ies  Off icer Program , dated May 
5 ,  1959 . 15  u . s . c .  742d , 742e ( c ) , 22 u . s . c .  f 846 note 

12 . Federal Aid i n  F i sh Res torat ion Act-- ( D i ngell/ Johnson Act ) , 
16 u . s . c .  7 7 7- 7 7 7k 

13 . Borth Pac i f i c  F i sher ies  Act of 1954--16 u . s . c .  1021 , et seq . 
14 . Sockeye Salmon or P i nk Salmon F i sh i ng Act of 1947--16 u . s . c .  7 7 6  

e t  seq . 
15 . Fur Seal Act of 1966--16 u . s . c .  1151 , et seq . 
16 . Anadromous F i sh Conservat i on Act--16 u . s . c .  7 5 7a- 7 5 7 g  
17 . Commerc i al F i sher ies  Re search and Development Act of 1964--16 

u . s . c .  7 79-7 79f 
18 . F i sh and Wi ldl i fe Act of 1956--16 u . s . c .  742a-742k 
19 . Mi gratory Game Fi sh Study--16 u . s . c .  760e-760g · 
20 . Whal i ng Convent ion Act of 1949--16 u . s . c .  916 , et  seq . 
21 . Atlan t i c  Salmon Convent i on Act of 1982--16 u . s . c .  3601 , et seq . 
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22 . 

23 . 
24 . 

25 . 
26 . 
27 . 
28 . 
29 . 

30 . 
31 . 
32 . 

33 . 

34 . 
35 . 
36 . 
37 . 
38 . 

7 5  

Salmon and Steelhead Conservat ion and Enhancement Act--16 u . s . c .  
3301 , e t  seg . 
Mari ne M..aal Protect i on Act--16 u . s . c .  1361-1407 
Kndansered Spec ies  Act--16 u . s . c .  1531 et seg . 
P i sh and Wi ldl i fe Coordi nat ion Act--16 u . s . c .  661-666c 
Northern Pac i f i c  Hal ibut Act-16 u . s . c .  7 73 note 
Nat ional Envi ronmental Pol icy  Act ( NEPA) --16 u . s . c .  4321 , et  seg . 
Mar i ne Protect i on Research and Sanc tuar ies  Act--33 u . s . c .  1441 , 1442 
Mar i ne Protect ion , Research , and Sanc tuar ies  Act of 19 7 2  ( Mar ine 
Sanctuaries ) --16 u . s . c .  143 1  
Deep Seabed Hard Mi nerals Resources Act--30 U . S . C .  1419 ( a) 
Coast and Geodetic  Surver Act iv i t ies  Act--33 u . s . c .  833a et seg . 
Act of Mar 16 , 1910--30 u . s . c .  3 ;  Reorsan i zat i on Plan No . 4 of 
1970 , u . s . c .  1511 nt . ,  sect ion l ( c )  
Coas tal Zone Manasement Improvement Act--16 u . s . c .  1451 note , 
16 u . �. c .  1801 
Land Remote Sens ins Comme rc i al i zat ion Act of 1984--P . L .  98-365 
Reorsan izat ion Plan No . 4 of 19 70--15 u . s . c .  1511 nt . ,  sect ion 1 ( e )  
Nat ional Sea Grant Prosram Act--33 u . s . c .  1124 , 1125 
ocs Lands Act--43 u . s . c .  1347 ( e )  
1 5  u . s . c .  1525  
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GLOSSARY OF ACROIIYIIS 

AEIDC Arct i c  Env i ronmental Informat ion and Data Center , Univers i ty of 
Alabaaa 

AES Atmospher i c  Envi ronment Service , Canada 
AFGWC A i r  Force Global Weather Center 
ALT Alt imeter 
AKSU Advanced Mi crowave Soundi ng Un i t  
AOGA Alaska O i l  and Gas As soc i ation 
AVHRR 
CAC 
C-KAN 
DCS 
DMSP 
ERL 
liZ 
rcz 
FNOC 
GKS 
GOES 
GPS 
GTS 
HIRS 
JIC 
Ll'KR 
KESSR 
KFCKA 
MilS 
KSR 
NCDC 
NIDUS 
NESDIS 
NGDC 
IIIIC 
NKFS 
NODC 
NO DDS 
NORD A 
NOS 

Advanced Very H i gh Re solution Radiometer 
Cl imate Analys i s  Center 
Coastal Mar ine Automated Network 
Data Collec t ion System ( part of the GOES satell i te syst .. ) 
Defense Meteorolog ical Satell i te Program 
Envi ronmental Research Laboratory (NOAA) 
Exclus ive Economic Zone 
F i shery Conservat ion Zone 
Fleet Numer ical Oceanography Center 
Geostat ionary Meteorolog i cal Satell i te ( Japan ) 
Geostat ionary Operat ional Envi ronmental Satell i te 
Global Pos i t ion i ng Sys tem 
Global Telecommun icat ions System 
H i gh-Re solut ion Infrared Rad i at ion Sounder 
Jo i nt Ice Center (Navy/NOAA) 
Low Frequency Microwave Radiometer 
Mult i spectral Electron i c  Self-Scann ing Radi oaeter 
Magnuson F i shery Conservat ion and Management Act 
Mi nerals Management Serv i ce 
M i crowave Scann ing Rad i ometer 
Nat ional Cl imate Data Center 
Nat ional Envi ronmental Data Referral Serv i ce 
Nat i onal Envi ronmental Satell i te ,  Data , and Informat ion Services  
Nat ional Geophys i cal Data Center 
Nat i onal Meteorolog ical Center 
Nat i onal Mari ne Fi sher i e s  Service (NOAA) 
Nat i onal Oceanographi c  Data Center (NOAA) 
Navy Oceanograph ic  Data Di stribut ion System 
Naval Ocean Research and Development Act ivi ty 
Nat ional Ocean Service  ( NOAA) 
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NROSS 
NSIDC 
NWAFC 
NWS 
OAR 
OCSDP 
on 
OSTP 
PD 
PODS 
POKS 
SAR 
SCAT 
SDDS 
SDSD 

SEDAS 
SLAR 
SIIIIR 

SOWII 
SPOT 
SSM/I 
SSMO 
SSM/T 
VNIR 
VTIR 
WIIO 

7 7  

NavJ Remote Ocean Sens i ns Syatem 
Nat i onal Snow and Ice Data Center 
Northwest  and Alaaka F i sher ies  Center ( NMFS , NOAA) 
Nat ional Weather Serv i c e  ( NOAA) 
Off ice  of Ocean i c  and Atmospher i c  Research 
Outer Cont inental Shel f  Envi ronmental As ses sment Prosre. 
Off i ce of Naval Research 
Off i ce of Sc ience and TechnolosJ Pol i cJ 
Pas s ive Microwave Rad i oaeter 
P i lot Ocean Data SJttem 
Polar-Orb i t ins Operat i onal Env i ronmental Satell i te 
SJnthe t i c  Aperture Radar 
Scatterometer 
Satell i te Data D i s tr i but ion Syatea ( replaced by NODDS ) 
Satell i te Data Serv i c e s  Divi s ion ( of the Nat i onal Cl imate 

l)ata Center ) 
Sh i pboard Envi ronmental Data Acqu i s i t i on SJ&teaa 
S i de Lookins Ai rborne Radar 
Scann i ns Mult i channel Mi crowave Rad i ometer ( on NASA' s NIMBUS-7 

s atell i te )  
spectral ocean wave models  
Satell i te Pour l ' Observat ion de  la Terre 
Spec i al Santor Microwave/Iaaser 
Sumaar iea of SJnopt i c  Meteorolos i c al Observat ions 
Spec i al Sensor Microwave/Temperature 
Vi s ible and Near-Infrared Radio  .. ter 
Vi s ible and Thermal Infrared Radiometer 
World Meteorolos ical Orsan i zat ion ( GTS ) 
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