University of Alaska

Coastal Marine Institute

%

.'- -, . .i-“

Wind Field Representations and Their Effect on Shelf
Circulation Models: A Case Study in the Chukchi Sea

Andrey Yu. Proshutinsky, Principal Investigator
University of Alaska Fairbanks

Final Report
February 2000

OCS Study MMS 2000-011



This study was funded in part by the U.S. Department of the Interior, Minerals Management Service
(MMS), through Cooperative Agreement No. 14-35-01-98-CA-30909, Task Order No. 14194, between
the MMS, Alaska Outer Continental Shelf Region, and the University of Alaska Fairbanks.

The opinions, findings, conclusions, or recommendations expressed in this report or product are those
of the authors and do not necessarily reflect the views of the Minerals Management Service, nor does
mention of trade names or commercial products constitute endorsement of recommendation for use
by the Federal Government.




OCS Study MMS 2000-0011

Final Report

Wind Field Representations and Their Effect
on Shelf Circulation Models:
A Case Study in the Chukchi Sea

by

Andrey Yu. Proshutinsky, Principal Investigator
Tatiana Proshutinsky
Thomas J. Weingartner

Institute of Marine Science
University of Alaska Fairbanks
Fairbanks, AK 99775-7220

E-mail: prosh@ims.uaf.edu

February 2000



Table of Contents

I 0 1= o S 3SR iv
LISt OF FIQUIES ..ottt b bbbt se e e e e b e sb e s b b e eneeneeneas Y
N 0 1 = o SRR 1
IO 1 oo [0 (o SRR RPRS 2
2.0 Sources of AtMOSPEriC PreSsure DA .........coeeereeieieiiese st 3
P20 R (@7 1 o I - - SRS 3

2.2 FINOC DEA ....ueeueeieieniesiesteseeee ettt seestesaesbesbessesse e e etensesbessesbessessennenneas 3

2.3 ECMWE ..ottt ettt e e e e te s te et e s beeaeeaeene et et e tenaeateereeneenenneas 3

2.4 Sources Of ObServational D@ .........ccooeeieeiieiierieiesee e 4
2.4.1 ObSErvVed WING Gata .......cccoiereiirierieieiere et 4

2.4.2 Observed DUOY MOLION .....ccoiiriirierieieiee e 4

2.4.3 ODSErVEd OCEAN CUIMENES ....ocueeruieieeeesieesteseesieeseesieessesaeseesbeseesseessessesaeessesneesees 4

GO I 1V 1 o o LSS 5
3.1 The 2-D Coupled Ice-Water MOUEI .........ccooeririiieieresese e 5
G300 0t R Y/ oo (= I o 0 7= 0] 1 SR 5

3.1.2 Initial and boundary CONAitioNS .........ccceeviiieiieie e 8

3.2 The3-D OCEAN MOUE ......cce ettt sre e e snnenne s 9

3.3 Simulation of the Surface BUuOY MOLION ..........ccoiiiiiiiiniee e 9

3.4 Daafor the MOGEIS ......ccoiiiirieieee ettt 9

O T = T £ 10
4.1 Comparison Among the NCAR, FNOC, and ECMWF Data Sets ........ccccceveeeenieennene 10
4.1.1 AtMOSPNENIC PIESSUIE ....ueeveeieieeesteeiteeeesseesseeseesseesseseesseesseeeesseessesnsesseesseensesnes 10

4.1.2 GEOSITOPNIC WING ... e 10

4.2 Comparison Between Observed and Simulated Winds ..........ccoccoveveniinnienceencenne 10
A.2.1 BAIMOW ..oeeeiieiiieeeeeetee ettt st sse e st e sse e e sne e s ae e e seesmeesaseesmeesnneesmeesnneeaneesnneennnens 10

A 0V o L= 14

4.3 Observed and Simulated BUOY DIift .......coceieeiiniiiiiereeesee e e 14

4.4 Observed and SIMulated CUMTENES ......ceveeeeieieiesie e 17

4.5 Bering Strait Water TranSPOM ........coeeererieiierieniesie st 20

4.6 Resultsof Circulation Simulation Using a3-D Barotropic Modd ...........ccccceeeevieenene 20

4.7 Seasonal Variability .....ccccecoeieeiicce e e 22

4.8 Comparisons Of Water TIraJECIOMNES ......cceeeeieriiriirie e 23

SO 0 o 11 o] 0 TSR 24
6.0 RECOMMENTELIONS .....veiviiieiieiieieie ettt ae bbb esresbesre e s enens 24
ACKNOWIEUGEIMENTS ...ttt ettt b b b e bt e e s 25
REFEIENCES ... e ettt e et e b e e be et e e ae e beentesaeeseeentesneenrens 25
T 01 - SRR 27
Appendix. Project-Related Publications and Presentations ...........c.coeevenerenieneneieneneienennes 136



List of Tables

Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table6.

Table 7.

Table 8a.

Table 8b.

Table 9a.

Table 9b.

Table 9c.

Table 10a

Table 10b.

Table 11a

Table 11b.

Table 11c.

Moorings in the ChUKCHI SEAL.........coouiiiiiiieiiie e

Coefficients of correlation and root mean square errors anong NCAR,
NFOC, and ECMWF sealevel atmospheric field datain 1991-1992 ...........ccccccveeeeeneee.

Coefficients of correlation and root mean square errors among NCAR, FNOC,
and ECMWEF geostrophic windsin 1991—1992...........cceeiiuiireiiiiieeeeniieeeesieeeessieeeeeenes

Results of smulation of buoy drift in 1992 using the Thorndike-Colony
EMPINICA MOUEL ...t nbe e snreeens

Results of smulation of buoy drift in 1991 using the Thorndike—Colony
eMPINiCal MOE]L ... e e e e e e e

Results of smulation buoy drift in 1991 using a 2-D coupled ice-ocean modd ..............
Results of smulation buoy drift in 1992 using a 2-D coupled ice-ocean model ..............

Comparison between observed and simulated annua mean currentsin
19911902 ...ttt r et ah et e e te e e bt e aaee e nbe e reeenteenneeanee

Comparison between observed and simulated annual mean currentsin
St 1 TR

Results of simulated currents using a 2-D coupled ice-ocean modd.
Sz 010 = 0 Mo (= Y T (o o PR

Results of smulation of currents using a 2-D coupled ice—ocean mode.
ROOL MEAN SQUAINE BITON ...ceeeeeieiiiieeeee ettt

Results of smulation of currents using a 2-D coupled ice-ocean mode.
Correlation COBFTICIONT ......veeiee e e e e e e s e e e s enneeeeeanns

Comparison between observed and simulated 3-D annua mean bottom
currentsin 1991-1992. 3-D currents are averaged in the vertical direction ...........c.c..c...

Comparison between observed and simulated 3-D annual mean currents
1991-1992. 3-D currents are averaged in the vertical direction ..........cccoocvveveiiiiieeennee.

Bottom velocities. Results of simulation currents using the 3-D ocean
barotropic model. Standard deVIationS .............cceiiiiiiee i

Results of smulation of currents using the 3-D coupled ice-ocean model.
ROOE MEAN SQUAIE EITOIS .....veeiuiieiieeieesieeeieesieeasteesteesteesseeasaeesseeesseessesanseesseeenseenseeanes

Results of smulation of currents using the 3-D barotropic modd.
Correlation COBFTICIENTS ......vueiee et et e e e e e e e snaee e e e enneeeeeann



Figure Legends

Figure 1.
Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Bathymetric map of the ChuKChi SeaL.........coocuiiiiii e 27

Location of moorings used for comparison with the model results ............cccoeeeeiiiieenee. 27

NCAR octagonal grid (47 x 51) for sea surface atmospheric pressure fields.
Salid, thick, black line shows boundaries of the area under research ..., 29

ECMWF and FNOC (13 x 41) 2.5° resolution grid for sea surface
AMOSPNENiC PreSSUre FIEIAS .......coiieie e e 30

ECMWEF 1.125° resolution grid for sea surface atmospheric pressure fields ................... 30

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fields
INJANUANY OF 190 ....oiiiiiiiiiiie ettt e e e e e et e e e s s e e e s annaeeeesanseeeeeann 31

Spatial distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
FEDrUary Of 1991 ...t e 32

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
= o R U PUPRRPN 33

Spatial distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
FN o | I USSR A

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin

Y= o PSSR 35

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin

JUNE OF 190 ..ot 36

Spatial distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
B B0 L PSSR 37

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
AUGUSE OF TO9L ...ttt e e sab e bb e e e bb e e e nn e e eneeas 38

Spatia distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
SEPLEMBDEr OF 1901 ... .. e e s nbre e e aae 39



Figure 15.

Figure 16.

Figure 17.

Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Spatid distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
(@ 0i (o]0 1= go 0 Ko S PP 40

Spatial distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
NOVEMDE OF 1901 ...t s be e e 11

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF sea level atmospheric pressure fieldsin
Decembier Of 1991 ... a e e e e e e e e e e e e aanes 42

Spatial distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic winds in January
(0] 1 RS PRUSOPRPI 43

Spatia distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic windsin February

(0] L PP UPPTUPPTOPRRO 44

Spatial distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic windsin March

(0] 0 L PRSI 45

Spatia distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic winds in April
(0] 00K USSR 46

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic windsin May
(0] 0 L PRSP 47

Spatia distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic windsin June
(081 1 USSP OSSPSR 48

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic windsin July of 1991 ........... 49

Spatial distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic winds in August
(0K i TSRS 50

Spatia distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic winds in September
(0] L TP 51

Spatial distribution of correlation coefficients and spatia distribution of RMS

among NCAR, FNOC, and ECMWF speed of geostrophic winds in October
(0] 1S USROS 52

vi



Figure 28.

Figure 29.

Figure 30.

Figure 31.

Figure 32.

Figure 33.

Figure 34.

Figure 35.

Figure 36.

Figure 37.

Figure 38.

Figure 39.

Figure 40.

Figure 41.

Figure 42.

Figure 43.

Spatid distribution of correlation coefficients and spatial distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic windsin November
Lo 0 L SRR 53

Spatial distribution of correlation coefficients and spatia distribution of RMS
among NCAR, FNOC, and ECMWF speed of geostrophic winds in December

(0] 1 RS PRUSOPRPI 54
Seasonal variability of observed monthly mean wind speed at Barrow. Data

are averaged for the period 1948-1989. Numbers (1, 2, ... 12) depict months.................. 55
Same as Figure 30 except for NCAR SImulated Wind ...........oocvieieieiiiiiiiie e 56

Same as Figure 30 except for ECMWF simulated wind and period from
1991 througN 1994 ... e e e s e e e e e e nrnes 57

Same as Figure 30 except for FNOC simulated wind and period from 1991
TNOUGN 1994 ...ttt e e et e e e e b e e e s et b e e e e e nnnneee s 58

Time series of observed and smulated wind speed and wind direction at
Barrow for 1991. Tempora resolution of the atmospheric fieldsis 12 hours ................... 59

Same as Figure 34 except the temporal resolution between atmospheric
FIElAS IS SIX NOUMS .. neees 60

Times series of smulated ECMWF, NCAR, and FNOC wind at Barrow
with a 12-hour temporal resolution for 1991 ..........ooveiiiiiei e 61

Seasonal variability of observed monthly mean wind speed at Kotzebue.
Data are averaged for the period from 1945 through 1991.
Numbers (1, 2, ... 12) depiCt MONENS .....c.veeiiiiiiiiiee e 62

Same as Figure 37 except for ECMWF simulated wind and period from
1991 through 1994 ... et e e re e re e naeeenes 63

Same as Figure 37 except for FNOC simulated wind and period from
1991 throUGgN 1994 ...ttt ettt hn e e e 64

Same as Figure 37 except for NCAR simulated wind and period from
1946 through 1988 ... e e e e e e e e e e e e e e s s eaanr e e e e e e e e e aanes 65

Time series of observed and simulated wind speed and wind direction at
Kotzebue for 1991. Temporal resolution of the atmospheric fieldsis 12 hours ................ 66

Times series of smulated ECMWF, NCAR, and FNOC wind at Kotzebue
with a 12-hour temporal resolution for 1991 ..........covvieiiiieiiiee e 67

|ce surface buoy (International Arctic Buoy Program) trgjectories in the Chukchi

and Beaufort Seain 1991. Numbers show buoy number at the beginning of each
trgjectory. The end of the trgjectory is marked by theletter “E” .........cocooeveiiiieeeiiiienn. 63

vii



Figure 44.

Figure 45.

Figure 46.

Figure 47.

Figure 48.

Figure 49.
Figure 50.

Figure 51.

Figure 52.
Figure 53.

Figure 54.

Figure 55.

Figure 56.

Figure 57.

Figure 58.
Figure 59.

Figure 60.

Figure 61.

Figure 62.

Same as Figure 43 for theyear 1992 .........cviviiiiie e 68

Observed and simulated components of the ice surface buoy drift.
Buoy # 12782. Simulated ice drift is based on the Thorndike-Colony

empirical model using NCAR atmospheric pressure fields ........cccceeviiveeiiiiee e . 69
Same as Figure 45 except for FNOC atmospheric pressure data ...........coovcveeeieeeiiiieennee 70
Same as Figure 45 except for ECMWF atmospheric pressure data..........ooocvveeeeiiiieeeens 71

Observed and simulated components of the ice surface buoy drift.
Buoy # 12806. Smulated ice drift is based on Thorndike-Colony

empirical model using NCAR atmospheric pressure fields .........ccoocceeiieiiiiei e 72
Same as Figure 48 except for FNOC atmospheric pressure data ..........cococcveeeeeiiiveeeens 73
Same as Figure 48 except for ECMWEF atmospheric pressure data...........oocvveeeeiiiveennnns 74

Observed and simulated components of the ice surface buoy drift.
Buoy # 12801. Smulated ice drift is based on Thorndike-Colony

empirica model using NCAR atmospheric pressure fields .........ccocceevieiiiiie e 75
Same as Figure 51 except for FNOC atmospheric pressure data ...........ooeevvveeeeeiiiveeeens 76
Same as Figure 51 except for ECMWEF atmospheric pressure data...........ooocvveeeeiiiveenens 7

Observed and simulated components of the ice surface buoy drift.
Buoy # 12807 in 1991. Simulated ice drift is based on 2-D coupled

ice—ocean model using FNOC atmospheric pressure fields ..........ococevieiiiieiniee e 78
Same as Figure 54 for the year 1992 ........ccooiviii i it 79
Same as Figure 54 except for buoy # 12820 iN 1992 .......cveeveiiiiieeeiiiiee e siieee e 80

Time series of observed and simulated currents at the mooring BSE.
Calculated velocities are obtained using 2-D coupled ice-ocean model

and NCAR amospheric pressure fieldS ........oooveee i 81
Same as Figure 57 except for the FNOC atmospheric pressure data ............cocccvvvvveeeennn.. 82
Same as Figure 57 except for the ECMWF atmospheric pressure data .........c..oeevvcvveeeennes 83

Comparison of FNOC- and ECMWF-based components of currents at
MOOING BSE ... ettt et eb e e saa e e ne e ennee 34

Time series of observed and simulated currents at the mooring BSN.
Calculated velocities are obtained using 2-D coupled ice-ocean model
and NCAR amospheric pressure fialds ... e 85

Same as Figure 61 except for the FNOC atmospheric pressure data ............ccoccveeeriveenee. 86

viii



Figure 63.

Figure 64.

Figure 65.

Figure 66.

Figure 67.

Figure 68.

Figure 69.

Figure 70.

Figure 71.

Figure 72.

Figure 73.

Figure 74.

Figure 75.

Figure 76.

Figure 77.

Figure 78.

Figure 79.

Figure 80.

Same as Figure 61 except for the ECMWF atmospheric pressuredata .............cccvveeeeee.. 87

Comparison of FNOC- and ECMWF-based components of currents at
MOONNG BON ...t 88

Time series of observed and simulated currents at mooring EP3.
Calculated velocities are obtained using a 2-D coupled ice-ocean model

and NCAR atmospheric pressure fields .........cveveeiiiiie e 89
Same as Figure 57 except for the FNOC atmospheric pressure data ..........cccvveeeviveeennns .90
Same as Figure 57 except for the ECMWF atmospheric pressure data ............cccceevveenee. 91

Comparison of FNOC- and ECMWF-based components of currents at
MOOKNG EP3 ... e e st e e s e e e e s aae e e e s ebreeeeanns 92

Time series of observed and ssimulated currents at mooring BP12.
Calculated velocities are obtained using a 2-D coupled ice—-ocean model

and NCAR atmospheric pressure fIEldS ........oooeie i 93
Same as Figure 69 except for the FNOC atmospheric pressure data ...........cccocveeeiiveennee. A
Same as Figure 69 except for the ECMWF atmospheric pressure data ............coccvveeeene. 95

Comparison of FNOC- and ECMWF-based components of currents at
MOOKNG BPL2 ...ttt et e et e e e et e e s et e e e e annaeeeesanseeeeeann 96

Time series of observed and simulated currents at mooring CP3.
Calculated velocities are obtained using a 2-D coupled ice-ocean model

and NCAR amospheric pressure fIEldS ........oooveeeiiieeiieecceeiee e 97
Same as Figure 73 except for the FNOC atmospheric pressure data ............coeevvvveeeeennn.. 98
Same as Figure 73 except for the ECMWF atmospheric pressure data ..........coeeevvveeeennes 99

Comparison of FNOC- and ECMWF-based components of currents at
(007070 1] 0o 01 = C R PRSPPI 100

Daily Bering Strait smulated water transport (results of 2-D coupled
ice-ocean model) based on ECMWF (solid line), FNOC (dotted line),
and NCAR (dashed line) sea level atmospheric pressure fields .........cccccvevviieeeeiiinenn. 101

Time series of observed and simulated surface currents at mooring BSE.
Calculated velocities obtained using a 3-D ocean barotropic model and

ECMWEF atmospheric pressure fIEldS .........ooiveeeiieiiiieeeniee e 102
Same as Figure 78 for mooring BSN .......coocviiiiiiiiiee e 103
Same as Figure 78 for mooring APLS .......oooi i 104



Figure 81.
Figure 82.

Figure 83.

Figure 84.

Figure 85.

Figure 86.

Figure 87.

Figure 88.

Figure 89.

Figure 90.

Figure 91.

Figure 92.

Figure 93.

Figure 94.

Figure 95.

Figure 96.

Same as Figure 78 for mooring EP3 ..........oviiiiiiie e 105
Same as Figure 78 fTor mooring BPL2 .........cociiii it 106
Same as Figure 78 for Mooring CP3 ..........oiiiiieiiiieieie e 107

Time series of observed and simulated near bottom currents at mooring
BSE. Calculated velocities obtained using 3-D ocean barotropic model and

ECMWF atmospheric pressure flaldS .......ooveeee i 108
Same as Figure 84 for mooring BSN .........ooiiiiiiiiieiiie e 109
Same as Figure 84 for mooring APLS ........ooo i 110
Same as Figure 84 for mooring EP3 ........coocuiiiiiiiee e 111
Same as Figure 84 for mooring BPL2 ..........cccveiiiiiiiiie e 112
Same as Figure 84 for mooring CP3 ..........oiiiiiiiiieeiee e 113

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in October 1991. Results of simulation using a 3-D barotropic model and
NCAR amOSPhEriC PreSSUre Aalal .......vveeeeevieieeiiiieeeeeeiree e e e e e e e e e s e e e e saneee e 114

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in October 1991. Results of smulation using a 3-D barotropic model and
FNOC atmOSPhEriC PreSSUre datal .........cocvveeiveeeiiieeiiieesiee et 114

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in October 1991. Results of smulation using a 3-D barotropic model and
ECMWF atmospheriC pressure data .........cc.veeeeeiiveee e i e e 115

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in November 1991. Results of simulation using a 3-D barotropic model and
NCAR amOSPNEriC PreSSUNE QaLA ........ceiveeeiieeeiiie et et 115

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in November 1991. Results of simulation using a 3-D barotropic model and
FNOC atmospheriC PreSSUre Aatal .........ceeecvveeeeiiiiieieeeciiee et e e e e sanee e 116

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in November 1991. Results of simulation using a 3-D barotropic model and
ECMWEFE atmOSpheric pressure datal .........coevveeeiieeeiiieeiiee et 116

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in December 1991. Results of smulation using a 3-D barotropic model and
NCAR atmOSPEriC PreSSUre Aalal ......vveeeeevreeeeeiiieeeeeciee e e et e e e s e e e e e e e e e saneee e 117



Figure 97.

Figure 98.

Figure 99.

Figure 100.

Figure 101.

Figure 102.

Figure 103.

Figure 104.

Figure 105.

Figure 106.

Figure 107.

Figure 108.

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in December 1991. Results of smulation using a 3-D barotropic model and
FNOC amOoSpheriC PreSSUre Aalal .........eeeeieveeeeiiiiiieessiiie e e ssieee e e s siree e s saeeeeeanes

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in December 1991. Results of smulation using a 3-D barotropic model and
ECMWEF atmospheric pressure data ..........eoiveeeiieeeiieeeiiie e

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in January 1992. Results of simulation using a 3-D barotropic model and
NCAR amOSPNEriC PreSSUre OaA .......vveeeeriiieeeeiiieeeeesiiee e e e steee e s eeeeee e s snaeee e e snneeeeeanns

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in January 1992. Results of simulation using 3-D a barotropic model and
FNOC amOSPheriC PreSSUre datal .........coveeeiieeeiiieeiiieesiee e seiee et

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in January 1992. Results of simulation using a 3-D barotropic model and

ECMWF atmOSPheriC Pressure datal ........oceveeeeeiieeeeeeiiiieeeesieee e siieee e sieee e sneeee e

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in February 1992. Results of simulation using a 3-D barotropic model and

NCAR amOSPhEriC PreSsure data .........ovveeeiieeeiiie et

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in February 1992. Results of simulation using a 3-D barotropic model and
FNOC amoSpheriC PreSSUre Aalal .........ceeeeeveeeeiiiiiieeesiiie e e esieee et e e e e e seeeeeeanes

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in February 1992. Results of simulation using a 3-D barotropic model and
ECMWEF atmOospheric pressure datal ..........oooveeeiieeeiieee e

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in April 1992. Results of smulation using a 3-D barotropic model and
NCAR amOSPNENiC PreSSUrE OaAL .......vveveeiiieeeeiiiieeeessiiee e e e siieee e s e e s e e e s snneeeeanes

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in April 1992. Results of smulation using a 3-D barotropic moddl and
FNOC atmOSPheriC PreSSUre datal ...........cveeeiveeeiieeeiiee ettt

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in April 1992. Results of smulation using a 3-D barotropic model and
ECMWF amOSPheriC Pressure datal ........oovveeeeiiieeeeeeiiiiee e sieeee e sieee e sinee e

Surface circulation and atmospheric pressure distribution in the Chukchi Sea

in June 1992. Results of smulation using a 3-D barotropic model and
NCAR amOSPhEriC PreSsure datal ........oooveeeivieeiiie e

Xi



Figure 109.

Figure 110.

Figure 111.

Figure 112.

Figure 113.

Figure 114.

Figure 115.

Figure 116.

Figure 117.

Figure 118.

Figure 119.

Figure 120.

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in June 1992. Results of simulation using a 3-D barotropic model and
FNOC amOoSpheriC PreSSUre Aalal .........eeeeieveeeeiiiiiieessiiie e e ssieee e e s siree e s saeeeeeanes

Surface circulation and atmospheric pressure distribution in the Chukchi Sea
in June 1992. Results of simulation using a 3-D barotropic model and
ECMWEF atmospheric pressure data ..........eoiveeeiieeeiieeeiiie e

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
November 1991. Results of simulation using a 3-D barotropic model and
NCAR amOSPNEriC PreSSUre OaA .......vveeeeriiieeeeiiieeeeesiiee e e e steee e s eeeeee e s snaeee e e snneeeeeanns

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
November 1991. Results of smulation using a 3-D barotropic model and
FNOC amOSPheriC PreSSUre datal .........coveeeiieeeiiieeiiieesiee e seiee et

Bottom circulation and sealevel (cm) distribution in the Chukchi Seain
November 1991. Results of simulation using a 3-D barotropic moddl and

ECMWF atmOSPheriC Pressure datal ........oceveeeeeiieeeeeeiiiieeeesieee e siieee e sieee e sneeee e

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
December 1991. Results of simulation using a 3-D barotropic model and

NCAR amOSPhEriC PreSsure data .........ovveeeiieeeiiie et

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
December 1991. Results of smulation using a 3-D barotropic model and
FNOC amoSpheriC PreSSUre Aalal .........ceeeeeveeeeiiiiiieeesiiie e e esieee et e e e e e seeeeeeanes

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
December 1991. Results of simulation using a 3-D barotropic model and
ECMWEF atmOospheric pressure datal ..........oooveeeiieeeiieee e

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
January 1992. Results of smulation using a 3-D barotropic modd and
NCAR amOSPNENiC PreSSUrE OaAL .......vveveeiiieeeeiiiieeeessiiee e e e siieee e s e e s e e e s snneeeeanes

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
January 1992. Results of simulation using a 3-D barotropic model and
FNOC atmOSPheriC PreSSUre datal ...........cveeeiveeeiieeeiiee ettt

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
January 1992. Results of smulation using a 3-D barotropic moddl and
ECMWF amOSPheriC Pressure datal ........oovveeeeiiieeeeeeiiiiee e sieeee e sieee e sinee e

Bottom circulation and sea level (cm) distribution in the Chukchi Seain

February 1992. Results of simulation using a 3-D barotropic model and
NCAR amOSPhEriC PreSsure datal ........oooveeeivieeiiie e

Xii



Figure 121.

Figure 122.

Figure 123.

Figure 124.
Figure 125.

Figure 126.

Figure 127.

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
February 1992. Results of simulation using a 3-D barotropic model and
FNOC amOoSpheriC PreSSUre Aalal .........eeeeieveeeeiiiiiieessiiie e e ssieee e e s siree e s saeeeeeanes 129

Bottom circulation and sea level (cm) distribution in the Chukchi Seain
February 1992. Results of smulation using a 3-D barotropic model and
ECMWEF atmospheric pressure data ..........eoiveeeiieeeiieeeiiie e 130

Simulated trgjectories of water particles released in the Bering Strait on October 1,
1991. Solid, dotted, and dashed lines show trajectories of particles smulated
using, respectively, FNOC, ECMWF, and NCAR atmospheric pressure data.
Tragectories of particles moving with surface currents are shown. B isa

releasing point. E, E1 and E2 denote locations of particles on September 29, 1992

for the FNOC, ECMWF and NCAR simulations, respectively ...........cccoceeiiieeinneenne 131
Same as Figure 123, for particles moving with vertically mean currents........................ 132
Same as Figure 123, for particles moving with bottom currents ..........cccccevvcveeeeiiinenn. 133

Simulated trgjectories of water particles (moving with vertically averaged

water velocities) released in the Bering Strait for anticyclonic circulation

regimes of circulation (ACCR) in the left column (for years 1946-1952,

19571962, 1972-1979 and 19841988, respectively). In the right column

the trgjectories of parcels released in the Bering Strait in the years of cyclonic

regime of circulation regime (CCR) are shown (1953-1956, 1963-1971,

19801983, 8N 1989—1996) .......ceeerrierireririeitierreereesieeete e s ere e s b e bt ane e 134

Same as Figure 126, fOr iCe PartiCleS ........oeoiiiiieeiiiiiiee e 135

Xiii



Abstract

Arctic pollutant transport models use winds obtained from forecasts of surface atmospheric pressure
fields. Uncertainties inherent in these forecast pressure fields lead to errors in the calculation of surface
winds, and therefore, to errorsin circulation-model results dependent upon them. We have investigated
the differences among three nominally identical wind field representations derived from surface
atmospheric pressure fields prepared by:

the European Center for Medium Westher Range Forecasting (ECMWF),
the U.S. Navy’s Fleet Numerical Oceanography Center (FNOC), and

the National Centers for Environmenta Predictions and the National Center for Atmospheric
Research (NCEP/NCAR).

We have analyzed:

wind and surface atmospheric pressure data from the National Wesather Service offices at Barrow,
Alaska, and Kotzebue, Alaska, to examine differences between observed and estimated winds;
ice-drifting buoy data from the International Arctic Buoy Program (IABP), to examine differences

between observed and interpolated surface atmospheric pressures, and to examine differences
between observed and smulated ice drift; and

differencesin shelf circulation, as predicted by 2-D and 3-D barotropic shelf circulation models when
forced by the three wind field representations.

This study has demonstrated that ECMWF sea level atmospheric pressure data with a spatial resolution of
1.125° and a temporal resolution of six hours can be recommended as the best source of wind forcing
data. The FNOC atmospheric pressure fields with a spatial resolution of 2.5° and atemporal resolution of
six hours can be recommended as well, in the absence of ECMWF data. NCAR data with a spatia

resolution of about 350 km and atemporal resolution of 12 hours can be used successfully for
climatological simulations.



1.0 Introduction

Mean flow on the Chukchi shelf (Figure 1) is nominaly northward (e.g., from the southern Chukchi Sea
to the Arctic Ocean) and is forced by the mean sealevel drop (secular pressure gradient) between the
Pecific and Arctic oceans. This flow persists even though the mean winds are northeasterly and tend to
establish an opposing pressure gradient and a southward oceanic flow. However, the circulation varies
considerably on time scales ranging from days to interannual periods [Coachman et a. 1975; Aagaard
1988; Coachman and Aagaard 1988]. Much of this flow variability is significantly coherent (in the
satistical sense) with variations in the regional wind field [Weingartner and Proshutinsky 1998]. Our
results [Weingartner and Proshutinsky 1998] imply that afirst-order description of the circulation field
and its variability can be obtained using a barotropic model forced by winds and the secular pressure
gradient. Models such as this are frequently used to predict pollutant transport.

With past CMI support we used an ocean circulation model developed by Proshutinsky [1986] and
adapted for the Chukchi Sea shelf to explore the dynamics governing the Chukchi shelf circulation, and to
examine, in aretrospective sense, the interannual circulation variability of this shelf. The model isa
coupled ice- ocean two-dimensional (2-D), nonlinear barotropic modd driven by winds and atmospheric
pressure. Variants of this model have been used to study the Arctic Ocean’ stides [Kowalik and
Proshutinsky 1994] and its large-scale, wind-driven circulation [Proshutinsky and Johnson 1997]. We
reconfigured the model for application to the Chukchi Sea shelf with agrid size of 7 km, and we forced it
with the surface winds calculated from the atmospheric pressure fields of the U.S. Navy’s Fleet
Numerical Oceanography Center (FNOC). These fields, prepared at six-hour intervals, are interpolated
onto a2.5° grid.

The results from this model, as with other models [Overland and Roach 1987; Spaulding et a. 1987],
depend to a sensitive degree on the forcing of the wind field (a surface boundary condition). One reviewer
of our CMI-funded proposal recommended that we use the ECMWF (European Center for Medium
Westher Range Forecasting) surface pressure fields and pressure fields that are being used by Rutgers
University (RU) researchersto drive their circulation model. The latter fields provide input into the
Minerals Management Service (MMYS) ail spill risk analysis as an dternative estimate for the surface
winds that force the mode. This reviewer further suggested that the results from the model forced by the
ECMWF winds be compared with those forced by FNOC and RU winds. Such a comparison would be
particularly useful because the procedures for forecasting the pressure fields are different among the three
sources of data; consequently, the three surface atmospheric pressure and wind fields, athough nominally
identical, could be quite different from one ancther. Circulation predictions based upon these atmospheric
data sets would, therefore, also be quite different. By quantifying the differences among the three
atmospheric or wind fields and the model results from these wind fields, we will better understand the
uncertainties in pollutant transport models.

The winds used by the Rutgers modelers are computed from either the International Arctic Buoy Program
or the NCEP/NCAR reanaysis fields. These fields are a product of an NCEP/NCAR reanalysis project,
which is developing a hindcast numerica weather prediction model using al conventional meteorological
observations. Therefore, instead of using Rutgers' wind data, which strongly depend on their modd of the
surface air boundary layer and are related to direct measurements of vertical air temperature stratification,
we used the NCEP/NCAR (hereafter, NCAR) atmospheric pressure fields, and investigated the
differences among three nominally identical wind field representations derived from surface atmospheric
pressure fields prepared by ECMWF, FNOC, and NCAR weather centers.

We have analyzed wind data from the National Weather Service offices at Barrow and Kotzebue, Alaska,
to examine differences between observed and estimated winds, and we have used ice-drifting buoy data
from the Internationa Arctic Buoy Program to examine differences between observed and smulated ice



drift. Current-meter data (Figure 2) and differences in shelf circulation, as predicted by barotropic shelf
circulation models when forced by the three wind fields, have also been investigated and analyzed.

This study provides a better understanding of the uncertainties in wind fields and the circulation
predictions that rely on those wind fields. Mgor aspects of the Chukchi Sea circulation regime and its
seasonal and interannual variability have been discussed by Weingartner and Proshutinsky [1998]; here
we have paid more attention to the quality of smulations and the accuracy of the obtained results. An
additiona goal of this project has been to improve the results of numerical simulations of the Chukchi Sea
circulation. We have used the 3-D Princeton University Model [Blumberg and Méellor 1983] for this
purpose.

2.0 Sources of Atmospheric Pressure Data

2.1 NCAR Data

At least two data sets represent sea surface atmospheric pressure fields for the Northern Hemisphere. The
first data set is on a CD-ROM prepared by the University of Washington in 1986. The last edition of the
CD-ROM presents information for the period 1946-1993. This CD-ROM contains a selected subset of the
Nationa Meteorologica Center’s (NMC) Northern Hemisphere octagonal grid data, as archived at
NCAR. Thisis an update of the original NMC grid point CD-ROM produced in 1986. The NMC
octagonal grid isa 1977-point grid (Figure 3) whose points are equally spaced when viewed on a polar
stereographic grid centered on the North Pole (spatia resolution 350 km). The data are recorded at 12-
hour intervals.

A second data set, archived at NCEP/NCAR, can be obtained by ftp. The sea surface atmospheric
pressure fields in this data set are the result of a modern reanalysis project. These data, covering the
period from 1973 through 1997, are in the same format as the CD-ROM data

2.2 FNOC Data

The FNOC data base contains the sea surface atmospheric pressure fields generated by the U.S. Navy’'s
Fleet Numerical Oceanography Center. These fields, prepared at six-hour intervals, are interpolated onto a
2.5° grid (spherical coordinate system, see Figure 4). We obtained and used a subset of FNOC data
covering the 19811995 period.

2.3 ECMWF Data

Important notice: ECMWF data sets can be used only by U.S. scientists working for the government or a
university; by scientists visiting such U.S. ingtitutions; or by Canadian scientists affiliated with University
Corporation for Atmospheric Research (UCAR) member organizations. Users must sign and return a
permission form before NCAR can process requests.

We used two data sets of sea surface atmospheric pressures from ECMWEF. The first data set (ds111.1) is
a high-resolution (1.125°) global surface anaysis with six-hour intervals. The second (ds111.2) has 2.5°
gpatia resolution and 12-hour intervals. The original data sets, which are available from NCAR, cover a
period from 1985 through 1997: ftp://ncardata.ucar.edu/datasets/ds111.1 . We obtained and used a subset
of ECMWF data covering the 1991-1994 period.



2.4 Sources of Observational Data

The three data sets helped us to estimate the quality of the atmospheric pressure fields and their
representations of wind conditions in the Chukchi Sea.

2.4.1 Observed wind data

We compared the computed winds with measurements of surface winds from the Barrow and Kotzebue
meteorological stations. The atmospheric pressures and wind records for these areas are available from
the state climatologist’ s data base at the University of Alaska Geophysical Institute. These wind
measurements are collected at the coast, far from mountain ranges or hills, so they are relatively free from
orographic influence [ Schwerdtfegger 1985; Pacific Northwest Laboratory 1983].

Barrow station, which is well exposed to winds from all directions, represents conditions along the
Chukchi Sea coast; it is the more reliable station, with observations averaging 24 per day. Kotzebue
Sound is well represented by the K otzebue National Weather Service station on the Baldwin Peninsula.
This station is exposed to winds from al directions, averaging 21 observations per day during the
summary period.

2.4.2 Observed buoy motion
Another source of observed data was the International Arctic Ocean Buoy Program (IABP, [Thorndike

and Colony 1982]). The surface-drifting buoys measure surface atmospheric pressure and their
coordinates (as a measure of the ice-drift motion under wind forcing). These data, available for dl years
since 1979, are based on a 12-hour interval.

2.4.3 Observed ocean currents

The third source of information for the model calibration, and for indirect evaluation of the accuracy of
the atmospheric pressure fields, was a measurement of ocean currents. Model winds can be calibrated
indirectly in terms of the accuracy of simulated currents, but we used observations on current velocities
obtained during severa expeditions to the Chukchi Sea [Weingartner and Proshutinsky 1998]. A scheme
showing the locations of the moorings is presented in Figure 2 and the information about these data is
presented in Table 1.



Tablel. Moorings in the Chukchi Sea.

Mooring Latitude Longitude Depth Beginning Ending
BSE 65.78 —168.60 45/53 9/28/91 9/20/92
BSN 66.30 —-169.98 45/53 9/28/91 9/22/92
MA190 65.95 -169.42 41/50 9/25/90 9/23/91
MA290 65.77 -168.58 44/52 9/11/90 9/15/91
MA390 66.29 —-168.95 47/58 9/5/90 9/4/91
AP18 71.33 —158.17 117/122 10/1/91 9/31/92
BP12 71.05 —159.55 82/85 10/1/91 9/4/92
MK190 71.03 —159.69 779 9/17/90 9/21/91
EP3 69.02 -166.97 42/45 9/29/91 9/23/92
MC690 69.02 —-166.95 38/45 9/09/90 9/21/91
MC490 68.85 —169.59 44/52 9/23/90 9/3/91
MC390 68.60 -171.07 47/54 9/23/90 9/24/91
MC290 68.33 -172.49 42/50 9/23/90 9/18/91
MC190 67.94 —174.55 35/42 9/23/90 10/4/91
ME290 70.49 -178.44 37/44 9/21/90 9/29/91
MF290 70.95 -174.18 40/48 9/22/90 9/29/91
CP3 70.67 -167.03 49/54 10/2/91 9/27/92

3.0 Methods

We used correlation analyses (see section 4) for numerous comparisons among the atmospheric pressures
and derived winds. These techniques allowed us to contrast the differences among the data sets. We used
methods of numerical modeling to simulate surface winds and ocean currents. These modeling methods
are described in the following subsection.

3.1 The 2-D Coupled Ice- Water Model

3.1.1 Model equations

The ocean model was formulated on a stereographic polar coordinate system centered at the North Pole.
This system is very similar to arectangular coordinate system except for the presence of the map
coefficient m, which varies from 1 at the North Pole to 1.071 at 60°N. This coefficient describes a
correction from a spherical to a polar stereographic projection. We based the model on the vertically
averaged momentum and continuity equations for coupled water- ice motion:
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whereW is a vector of surfacewind, and r , and R, areair density and afriction coefficient
respectively.

In the above equations, ¢ isice concentration; h; isice thickness, and D=h+x, whereh is the ocean depth.



The surface wind was determined from geostrophic relationships, with consideration of the transitional
coefficient mand angle of deviation of surface wind from the geostrophic direction | . Implemented in the
model calculations is the algorithm in which

m=0.7 if W <15 m/s,
| =30°if W<15nvs,
m= 0.8 if W > 15 m/s, and
| =20°if W>15m/s.
The surface wind transitional coefficients and turning angles are based on the model calibration, and on

diagnostic and prognostic smulations of ice drift and storm surges in the Kara, Laptev, East Siberian, and
Chukchi seas[Proshutinsky 1978; 1986; 1988].

The air- water drag coefficient, R, isafunction of the wind speed [Proshutinsky 1978; 1986; 1988].

R, = (1.1+0.04| W [)" 1000 (6)

Bottom stress is described by
_.o IUJU
T, =rR, D2 (7)

whereR, is abottom friction coefficient (= 2.6 X0 3).

The interaction of ice and atmosphere is described by:
Tis = 1 aRaW [W | ®)

In afirst approximation the ice—atmosphere drag coefficient, Ri,, is equal to the air- water friction
coefficient R,. The interaction of ice and water is described by:

T=rR G- 516 p) ©

We used the ice- water drag coefficient R; (= 5.5E3) estimated by McPhee [1980]. To describe internal
ice forces, the nonlinear viscous constitutive law proposed by Rothrock [1975] and applied by Kowalik
[1981] to model storm surges and tides in the Arctic Ocean, was used:

F, =hm2N2g + L m2N(NG - mRp) (10)

where N(NG;) = grad(div G;).



Rothrock [1975] suggested that the tensile stress in ice is negligible compared with compressive stress.
Pressure p is given by:

p=-AmNG if NG <0 (11)
p=0if NG 20 (12)

In the above equations, both bulk L and shear h viscosity coefficients are taken to be equd (= 10E7
square cm/s); A, (= 10E8 square cm/s) is the ice pressure coefficient. The magnitude of the horizontal
frictional coefficients used should result in numerical stability and reasonable reproduction of the
turbulent processes in the water and ice.

3.1.2 Initial and boundary conditions
Initidly, the dependent variables in the integration domain were taken as zero:

X(X, Y)i=0 =0; U(X1 Yizo =0 G(X Y=o =0 13

Along the solid boundary S we assumed a no-dip condition for water transport and ice velocity:

Uxy,t)s =0, V(X ¥,t)g=0 (14)

In ice-free areas, equations of motion and continuity were solved subject to the boundary condition at the
bottom. The same equations were used for under the shore-fast ice. Ice velocity was set to zero and
compactness ¢ was set to 1. In the areas covered by pack ice, the full system of equations was used to
obtain a solution. A series of numerical experiments were carried out with different versions of the model
in order to study the effects of internal ice stresses, ice distribution, ice-water friction, and ice thickness.
We discuss, in this paper, results from only one numerical experiment where the ice thickness and ice
concentration were explicitly prescribed. We solved only the dynamical ice equations without including
the effects of ice formation and ice melting. We artificially prescribed the variability of ice concentration
and thickness as external parameters based on observations (monthly data from the Navy- NOAA Joint
Ice Center). The ice thickness was prescribed according to ice age.

At the open boundary of the model domain we prescribed sea level variations:

Xo =X(% Y, 1) (15

Along the northern open boundary a radiation condition was prescribed as:
U = #Xj5(gH) 2 (16)

wherex, is sealevel aong the first line pardld to the open boundary O.

For ice cover a the open boundary the following conditions were prescribed:
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Along the open boundaries in the North Pacific we prescribed sea level. Along the open boundaries in the
Arctic Ocean (northern part of the Chukchi Sea) we prescribed the radiation condition. These conditions
established the sea dope between the Pacific and Arctic oceans. This dope forces the mean inflow from
the Bering Seaiinto the Arctic Ocean (about 1 Sv) and supports stable circulation in the northern Bering
Sea and the Chukchi Sea [Proshutinsky 1986]. Recent estimates [Roach et a. 1995] have given an
average permanent transport of about 0.8 SV in the Bering Strait. To include river runoff we prescribed
water transport (U or V) for mode rivers (Mackenzie, Kolyma), although river input did not have a
significant influence on the results presented here.

3.2 The 3-D Ocean Model

One of the goals of this project has been to improve the results of numerical smulation of the Chukchi
Sea circulation. To do this we have used a 3-D Princeton University model [Blumberg and Mellor 1983].
Most observations of the currents in the Chukchi and Beaufort seas were obtained from current meters
located close to the bottom. The 3-D model allowed us to obtain more realistic results. We forced this
mode with the same surface winds that were used for the 2-D ocean circulation model. A detailed
description of the model is presented in Blumberg and Mdllor [1983] and a computer code is available via
anonymous ftp at: http://www.aos.princeton.edu/WWWPUBL | C/htdocs.pom .

3.3 Simulation of the Surface Buoy Motion

To test how well the model simulates ice motion, we used the empirical relationship described by
Thorndike and Colony [1982] for ice drift and geostrophic winds in the Arctic Ocean, based on 1979 and
1980 data from an array of surface-drifting buoys. The relationship among the ice velocity u, the
geostrophic wind G, and the mean ocean current ¢ was examined in the form

U=AG+C+e (18)

whereA isacomplex constant and the vectorst , G, €, and e are thought of ascomplex numbers.

The complex coefficient A involves ascaling factor| A |and aturning angle Q.
A=|AleiQ (19)

Thorndike and Colony have shown that in the absence of a steady ocean current, seaice moves about 8
to the right of the geostrophic wind at 0.008 timesits speed (i.e., Q = 8° and | A | = 0.008). Although the
model is simple, it describes 70% of the variance of the ice velocity, leaving residuals with a standard
deviation of 0.04 m/s[Thorndike and Colony 1982].

3.4 Datafor the Models

To define the model’ s 21-km spatia grid, we subsampled the 14-km spatia grid and bathymetry prepared
by Kowalik and Proshutinsky [1994] for their tidal model of the Arctic Ocean. Figure 5 shows the
computational domain. To define the modd’s 7-km spatia grid we digitized Russian navigational charts
which are available now at the Institute of Marine Science (IMS), University of Alaska Fairbanks.



4.0 Results

4.1 Comparison Among the NCAR, FNOC, and ECMWF Data Sets

4.1.1 Atmospheric pressure

Figures 6- 17 show spatia correlation and root mean square (RMS) errors among NCAR and FNOC;
NCAR and ECMWEF; and ECMWF and FNOC atmospheric pressure fields. The numbers under the
figures show maximum and minimum coefficients of correlation between corresponding atmospheric
pressure fields, and maximum and minimum RMS errors (mb) among these fields. Table 2 shows these
extremafor every month of 1991 and 1992. These were used for analysis of possible seasonal variability.
The correlation is very high between pairs of pressure fields from different centers of atmospheric
analyses. Maximum errors are usually located at the centers of the cyclones and anticyclones. FNOC
atmospheric pressure in these cases is significantly different from the atmospheric pressures given by
NCAR and ESMWF data centers. Usually this happens when the atmospheric pressure in the center of the
cycloneisless than 950 mb. Possibly this problem is the result of a procedure that the FNOC computer
managing team used to prepare data for our purposes. We did not have this problem in the FNOC
pressure fields before 1987. Coefficients of correlation between ECMWF (2.5° and 1.125° spatial
resolutions) are very high, which alowed us to conclude that they describe practically identical synoptic
variability in the sea level atmospheric pressures. No seasonal variability is visible in the coefficients of
correlation or RMS errors, which means the accuracy of the atmospheric pressure prediction has no
relation to the seasons.

4.1.2 Geostrophic wind

Figures 18- 29 and Table 3 show correlation coefficients and RMS differences in the geostrophic winds
calculated using NCAR, FNOC, and ECMWF sea surface atmospheric pressure fields. There was less
correlation among geostrophic winds than among corresponding atmospheric pressure fields. Coefficients
of correlation between NCAR and ECMWF winds were higher than they were between those for NCAR
and FNOC, or ECMWF and FNOC. We used two data sets (Barrow and Kotzebue) to estimate the
accuracy of the smulated winds. The statistical structure of the real winds and the results of comparison
between observed and simulated winds at Barrow and Kotzebue are described in the following sections.

4.2 Comparison Between Observed and Simulated Winds

4.2.1 Barrow

Observed and ssimulated wind roses for Barrow are shown in Figures 30- 33. Seasonal variability of the
observed monthly mean wind at Barrow is presented in Figure 30. East and west are the major directions
of wind in Barrow; higher wind velocity occurs from September through November and a minimum of
wind is observed during April through July. In Figures 31- 33 the smulated winds (based on NCAR,
ECMWF, and FNOC sea surface atmospheric fields) are shown. Simulated winds do not adequately
reproduce wind conditions at Barrow. First, NCAR wind roses show that the mgor wind direction is east;
second, summer winds are very weak; and third, northwest winds are not represented as well as those
from ECMWF, which show two mgjor wind directions for Barrow (east and west). However, the
ECMWF summer winds are poorly reproduced. FNOC data are similar to those for ECMWF wind
distribution. Comparison among NCAR, ECMWF, FNOC, and observed windsin 1992 are shown in
Figures 34, 35, and 36. Correlation between observed and simulated winds is very low. On the other
hand, correlation anong NCAR, FNOC and ECMWF simulated winds is very high, which demonstrates
that FNOC, NCAR, and ECMWF sea level atmospheric fields are very similar. It is difficult to evaluate
which source of datais better for modeling needs. At least two possible reasons can be found for a
disagreement between observed and smulated wind at Barrow. Thefirst is that we used avery smple
model, which may not work well for Chukchi Seawind calculations. The second reason isrelated to a
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local effect. Local winds cannot be smulated based only on geostrophic balance and empirical
relationships; a strong air temperature gradient exists between land and sea during summer, and this
gradient, or thermal effect, generates sea breezes during open-water months. Kozo [1979; 1982; 1984],
and Kozo and Robe [1986] have reported thermal effects in their description of mesoscale meteorology of
the Beaufort Sea and Norton Sound region. According to Kozo, the pure sea breeze effects control 23% of
the measured wind vel ocities, and the thermal contrast between the ocean and land would act in a 20-km
coastal zone. Aagaard, Pease, and Salo [1990] reached a similar conclusion in reference to the
meteorologica stations of the Beaufort and Chukchi seas. They correlated meteorological parameters
(atmospheric pressure, air temperature, and surface winds) between data from the Barter, Resolution,
Lonely, and Barrow stations, and data from FNOC. High correlations between observed atmospheric
pressure and FNOC atmospheric pressure, and between observed air temperature and FNOC air
temperature were demonstrated, but the wind velocity correlation was less than 0.5, which was explained
by local sea breeze effects.

11



Table2. Coefficients of correlation and root mean square errors among NCAR, FNOC, and ECMWF
sea level atmospheric field datain 1991-1992.

Month Source of data Coefficient of cor r.ellation Roqt mean squarg gr ror
Maximum Minimum Maximum Minimum

January NCAR - FNOC 0.99/1.00 0.74/0.89 11.5/5.4 1.6/1.0
January NCAR - ECMWF 0.99/1.00 0.74/0.29 10.7/13.8 1.6/0.9
January FNOC — ECMWF 1.00/1.00 0.94/0.29 5.5/13.7 0.4/0.6
February NCAR - FNOC 1.00/1.00 0.95/0.91 4.0/4.4 0.7/0.8
February NCAR — ECMWF 1.00/1.00 0.93/0.91 6.8/4.4 0.8/0.8
February FNOC - ECMWF 1.00/1.00 0.92/0.92 4.0/5.6 0.7/0.8
March NCAR - FNOC 1.00/1.00 0.92/0.90 4.0/6.2 0.8/0.5
March NCAR - ECMWF 1.00/1.00 0.93/0.92 4.9/5.3 0.8/0.8
March FNOC - ECMWF 1.00/1.00 0.92/0.91 5.2/4.2 0.3/0.6
April NCAR - FNOC 1.00/1.00 0.94/0.88 3.6/4.8 0.8/0.5
April NCAR — ECMWF 1.00/1.00 0.90/0.94 3.3/4.6 0.6/0.7
April FNOC - ECMWF 1.00/1.00 0.94/0.94 3.2/3.8 0.4/0.7
May NCAR - FNOC 1.00/1.00 0.90/0.92 3.3/3.8 0.7/0.6
May NCAR - ECMWF 1.00/1.00 0.91/0.97 3.6/2.4 0.6/0.4
May FNOC - ECMWF 1.00/1.00 0.89/0.88 3.0/4.0 0.3/0.4
June NCAR - FNOC 1.00/1.00 0.82/0.86 3.8/3.6 0.7/0.6
June NCAR — ECMWF 1.00/1.00 0.88/0.92 2.9/24 0.7/0.5
June FNOC - ECMWF 1.00/1.00 0.86/0.84 3.8/3.2 0.3/0.5
July NCAR - FNOC 1.00/0.99 0.92/0.90 3.4/3.1 0.6/0.9
July NCAR — ECMWF 1.00/1.00 0.95/0.95 3.1/3.1 0.6/0.9
July FNOC - ECMWF 1.00/0.99 0.89/0.89 3.8/2.9 0.3/0.7
August NCAR - FNOC 1.00/0.98 0.92/0.80 3.4/4.1 0.6/1.3
August NCAR — ECMWF 1.00/0.92 0.92/0.92 3.1/35 0.7/0.7
August FNOC - ECMWF 1.00/0.96 0.91/0.83 3.4/4.2 0.4/1.2
September NCAR - FNOC 1.00/0.99 0.95/0.80 3.5/4.7 0.6/1.4
September NCAR - ECMWF 1.00/1.00 0.93/0.93 3.2/3.2 0.5/0.6
September FNOC — ECMWF 1.00/0.98 0.92/0.83 3.4/4.2 0.4/1.2
October NCAR - FNOC 1.00/0.98 0.94/0.89 4.3/5.3 0.7/1.8
October NCAR — ECMWF 1.00/1.00 0.96/0.90 4.4/3.1 0.7/0.7
October FNOC - ECMWF 1.00/0.99 0.92/0.89 4.5/5.1 0.5/1.6
November NCAR - FNOC 1.00/0.99 0.97/0.80 4.1/6.1 0.8/2.0
November NCAR - ECMWF 1.00/1.00 0.97/0.62 5.3/12.2 0.8/0.7
November FNOC — ECMWF 1.00/0.99 0.95/0.57 5.2/13.6 0.5/1.4
December NCAR - FNOC 1.00/0.95 0.95/0.60 5.7/12.0 0.6/1.6
December NCAR — ECMWF 1.00/0.94 0.94/0.10 6.0/11.3 0.8/2.3
December FNOC - ECMWF 1.00/0.98 0.92/0.09 6.4/12.4 0.5/1.9




Table 3. Coefficients of correlation and root mean sguare errors among NCAR, FNOC, and ECMWF
geostrophic winds in 1991-1992.

Month Source of data Coefficient of corrglgtion Roqt mean squarggrror
Maximum Minimum Maximum Minimum

January NCAR - FNOC 0.94/0.93 0.10/0.09 11.3/10.4 2.3/1.8
January NCAR - ECMWF 0.95/0.92 -0.21/0.09 12.4/10.8 1.9/1.3
January FNOC — ECMWF 0.98/0.92 0.09/0.18 12.4/13.7 1.9/21
February NCAR —FNOC 0.98/0.93 0.24/0.12 11.1/12.4 1.3/1.8
February NCAR - ECMWF 0.98/0.98 0.12/0.13 11.1/12.0 1.3/1.5
February FNOC — ECMWF 0.98/0.97 —-0.16/0.09 9.9/9.0 1.3/1.7
March NCAR —FNOC 0.98/0.95 0.37/0.24 7.4/8.0 2.1/25
March NCAR - ECMWF 0.98/0.99 0.08/0.02 10.4/10.6 1.8/2.8
March FNOC — ECMWF 0.97/0.98 0.22/0.28 11.1/10.7 1.4/1.2
April NCAR —FNOC 0.96/0.99 0.24/0.32 7.1/6.8 1.8/1.5
April NCAR - ECMWF 0.97/0.93 0.04/0.00 9.5/9.4 1.5/1.7
April FNOC — ECMWF 0.98/0.98 0.17/0.18 9.2/8.8 1.3/1.3
May NCAR —FNOC 0.97/0.99 0.29/0.33 5.7/4.6 1.5/0.9
May NCAR - ECMWF 0.98/0.97 —-0.25/0.09 10.3/9.4 15/1.4
May FNOC — ECMWF 0.97/0.99 0.12/0.23 10.0/9.9 1114
June NCAR —FNOC 0.95/0.98 0.12/0.26 5.9/4.6 1.5/2.6
June NCAR - ECMWF 0.97/0.97 -0.01/0.02 10.7/12.4 1.4/2.5
June FNOC — ECMWF 0.97/0.95 -0.10/0.04 8.9/11.2 1.3/2.5
July NCAR —FNOC 0.96/0.97 0.26/0.24 5.7/6.1 1.4/1.9
July NCAR - ECMWF 0.97/0.94 0.18/0.15 9.0/10.1 1.4/1.9
Jduly FNOC — ECMWF 0.95/0.99 0.10/0.19 8.3/7.9 1.4/0.9
August NCAR —FNOC 0.98/0.98 0.49/0.34 5.3/5.1 1.6/1.3
August NCAR - ECMWF 0.98/0.92 0.47/0.42 7.6/7.5 1.6/1.7
August FNOC — ECMWF 0.97/0.98 0.41/0.43 8.7/8.2 1.4/1.2
September NCAR - FNOC 0.98/0.99 0.60/0.50 6.4/6.7 1.3/14
September NCAR - ECMWF 0.98/0.98 0.22/0.23 8.1/7.2 1.3/1.6
September FNOC — ECMWF 0.98/0.99 0.27/0.34 8.6/9.3 1.4/1.2
October NCAR —FNOC 0.97/0.89 0.69/0.59 4.8/5.3 1.7/1.8
October NCAR - ECMWF 0.98/1.00 0.31/0.30 9.3/9.9 1.7/1.7
October FNOC — ECMWF 0.97/0.99 0.43/0.49 9.0/7.1 1.4/1.1
November NCAR - FNOC 0.97/0.95 0.60/0.30 7.7/6.1 1.5/2.0
November NCAR - ECMWF 0.97/0.94 0.32/0.32 11.112.2 1.7/2.1
November FNOC — ECMWF 0.97/0.99 0.26/0.57 11.5/9.6 1.5/0.4
December NCAR —FNOC 0.98/0.95 0.57/0.33 8.5/9.7 1.7/2.2
December NCAR — ECMWF 0.98/0.98 —-0.33/0.10 13.7/11.3 1.7/2.3
December FNOC — ECMWF 0.98/0.91 -0.21/0.03 15.3/12.4 1.3/1.9
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4.2.2 Kotzebue

Observed and simulated wind roses for Kotzebue are shown in Figures 37- 42. Seasond variability of the
observed monthly mean winds at Kotzebue (Figure 36) is similar to variability of winds at Barrow. Here
we can reach the same conclusion asin the previous section; i.e., that local wind effects dominate at the
coastal stations, and that they cannot be used as sources for estimation of the accuracy of NCAR, FNOC,
and ECMWEF data.

4.3 Observed and Simulated Buoy Drift

We have smulated buoy drift in the Chukchi and Beaufort seas using empirica relationships proposed by
Thorndike and Colony and a 2-D coupled ice-ocean model. NCAR, FNOC, and ECMWF sea surface
atmospheric pressure fields for 1991 and 1992 were used for these calculations. Trajectories of the surface-
ice buoys for 1991 and 1992 are shown in Figures 43 and 44, respectively. We have analyzed results of
simulations only for moving buoys. Some of the buoys were trapped by fast ice and did not drift at all.
Severa buoys that drifted with the ice experienced the influence of strong internal ice forces dueto ice-
floe interactions and laterd friction. This usualy happensin the vicinity of land, at a distance of about 400
km. The Thorndike-Colony empirical model does not take into account these effects. Our 2-D coupled
ice- ocean model does contain these forces; it takes into account a permanent current generated by the sea
level dope between the Pacific and Atlantic oceans, and therefore, would theoretically smulate buoy drift
better than the Thorndike—Colony empirical model used in the vicinity of the coast. Figures 45- 53, for
example, show results of buoy velocity simulations using the Thorndike-Colony empirical moddl. U and V
components of ice drift are presented for each buoy for which motion was simulated using NCAR, FNOC,
and ECMWF atmospheric data. Coefficients of correlation among simulated and observed buoy velocities
and root mean square errors for al buoys are given in Tables 4—7. From these results we have concluded
that al of the atmospheric pressure fields give more or less smilar accuracy, but that ECMWF s data are
better than FNOC's, and FNOC' s atmospheric pressure data are better than NCAR’s. The advantage of the
ECMWEF atmospheric pressure fields is their higher resolution, which alows us to simulate less smoothed
winds. As shown in Figures 45- 53, the ECMWF-based simulations resolve maximums and minimums of
the ice drift much better than NCAR- and FNOC-based calculations. Observed and smulated U and V ice
velocities obtained with a 2-D coupled ice- ocean moddl of the Chukchi Sea are presented in Figures

54- 57 and in Tables 8-9. Again, we can conclude that ECMWF-based simulations are better than
simulations of ice drift usng FNOC and NCAR sea- surface atmospheric pressure data.
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Table4. Results of smulation of buoy drift in 1992 using the Thorndike—Colony empirical model.

Correlation coefficient between

Root mean squareerror of

Buoy observed and simulated ice drift simulated buoy drift

number u/wv u/nv

NCAR FNOC ECMWEF NCAR FNOC ECMWEF
1836 0.92/0.68 0.90/0.64 0.92/0.66 9.9/6.9 9.1/8.3 6.9/7.6
1837 0.88/0.77 0.88/0.74 0.85/0.72 15.3/12.6 12.8/13.7 15/5/14.8
2386 0.88/0.87 0.84/0.84 0.82/0.71 15.5/19.4 16.3/20.3 16.4/36.3
2388 0.86/0.85 0.82/0.81 0.80/0.80 13.2/17.3 14.1/20.9 15.4/21.9
7100 0.88/0.79 0.87/0.75 0.86/0.75 15.2/14.1 14.5/15.9 14.2/15.9
7101 0.90/0.48 0.88/0.42 0.89/0.46 14.9/10.3 14.2/12.2 12.0/12.0
7102 0.77/0.79 0.78/0.76 0.78/0.78 64.4/17.8 60.3/20.3 55.2/18.2
9786 1.00/1.00 1.00/1.00 1.00/1.00 0.1/8.6 0.9/15.4 2.2/3.3
10667 0.77/0.78 0.90/0.83 0.80/0.78 26.3/27.5 24.2/122.5 32.3/29.0
11251 0.89/0.69 0.87/0.65 0.85/0.63 69.7/29.6 61.5/31.6 59.7/133.2
11252 0.84/0.80 0.86/0.78 0.87/0.76 33.9/20.7 3L9/211 21.8/22.6
12790 0.87/0.82 0.83/0.75 0.83/0.78 12.1/13.6 14.5/17.3 14.7/15.3
12800 0.90/0.78 0.90/0.76 0.89/0.82 12.1/12.3 10.4/14.5 11.8/10.7
12801 0.63/0.71 0.63/0.74 0.73/0.77 11.5/12.5 11.2/11.6 14.6/11.5
12806 0.79/0.74 0.80/0.69 0.79/0.74 36.3/14.3 32.2/15.8 31.6/14.1
12820 0.90/0.80 0.90/0.73 0.90/0.79 12.3/19.2 12.3/21.6 10.6/17.3
12821 0.80/0.80 0.79/0.83 0.79/0.82 9.8/15.3 11.7/12.9 13.6/13.6

Table5. Results of smulation of buoy drift in 1991 using the Thorndike—Colony empirical model.

Correlation coefficient between

Root mean squareerror of

Buoy observed and simulated ice drift simulated buoy drift

number unv u/nv

NCAR FNOC ECMWF NCAR FNOC ECMWF
7100 0.79/0.71 0.87/0.75 0.80/0.79 40.4/27.1 14.5/15.9 32.5/25.4
7414 0.90/0.72 0.92/0.68 0.92/0.72 17.6/20.6 12.7/20.5 16.8/18.6
9784 0.68/0.72 0.71/0.68 0.59/0.68 46.5/50.3 40.5/54.0 52.3/49.6
12782 0.77/0.34 0.94/0.74 0.94/0.87 35.3/46.2 33.6/19.8 16.4/8.9
12783 0.78/0.57 0.77/0.50 0.70/0.56 56.2/122.7 51.4/29.8 59.1/25.3
11252 0.84/0.80 0.86/0.78 0.83/0.74 33.9/20.7 319/211 16.9/18.8
12800 0.81/0.77 0.82/0.72 0.83/0.78 18.0/17.6 16.4/20.9 14.7/15.3
12807 0.90/0.78 0.90/0.76 0.78/0.66 12.1/12.3 10.4/14.5 16.5/42.5
12806 0.81/0.82 0.80/0.72 0.82/0.79 14.5/13.9 15.6/21.1 14.9/14.3
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Table6. Results of smulation buoy drift in 1991 using a 2-D coupled ice-ocean model.

Correlation coefficient between Root mean squareerror of
Buoy observed and simulated ice drift simulated buoy drift

number u/v u/v

NCAR FNOC ECMWF NCAR FNOC ECMWF
7100 0.65/0.80 0.68/0.81 0.72/0.81 25.6/49.3 26.1/50.2 24.147.1
7101 0.58/0.52 0.57/0.65 0.60/0.64 18.7/22.5 17.2/21.1 17.0/20.1
7102 0.81/0.74 0.82/0.77 0.82/0.79 23.8/312 22.1/293 20.5/250
7103 0.74/0.89 0.74/0.89 0.72/0.92 17.2/210 17.3/218 16.3/165
7104 0.75/0.62 0.75/0.53 0.76/0.67 10.9/182 10.5/177 12.0/165
7105 0.68/0.59 0.69/0.72 0.72/0.72 24/368 25.0/220 23.0/198
7414 0.66/0.80 0.65/0.78 0.50/0.35 17.6/19.4 18.0/20.2 20.4/32.0
9784 0.32/0.69 0.44/0.82 0.45/0.82 36.0/64.0 30.3/56.1 29.2/50.1
12782 0.22/0.72 0.39/0.79 0.45/0.77 18.5/9.0 16.3/8.2 17.0/8.0
12783 0.56/0.64 0.56/0.64 0.67/0.68 12.3/119 12.3/118 11.3/95.0
12800 0.84/0.80 0.85/0.79 0.87/0.83 19.4/22.9 18.9/20.5 17.4/20.0
12801 0.87/0.82 0.84/0.87 0.85/0.86 27.0/325 26.1/29.1 25.9/27.7
12806 0.56/0.81 0.62/0.78 0.56/0.80 28.1/16.8 25.3/18.0 26.0/17.1
12807 0.79/0.66 0.80/0.69 0.81/0.70 20.3/25.0 19.7/23.7 18.2/21.9

Table 7. Results of smulation buoy drift in 1992 using a 2-D coupled ice-ocean mode.

Correlation coefficient between Root mean squareerror
Buoy observed and simulated ice drift of simulated buoy drift
number u/v u/v
NCAR FNOC ECMWF NCAR FNOC ECMWF
1836 0.43/0.84 0.45/0.83 0.65/0.91 8.4/13.7 8.2/12.8 7.1/9.6
1837 0.68/0.84 0.68/0.82 0.69/0.87 10.2/21.2 9.9/22.0 9.2/21.1
2388 0.82/0.88 0.82/089 0.83/0.92 31.4/6.8 25.1/7.0 23.1/6.5
7100 0.51/0.85 0.59/0.84 0.61/0.77 16.8/21.2 15.2/20.1 16.0/20.0
7101 0.70/0.93 0.69/0.95 0.83/0.93 6.2/43.6 5.9/41.0 4.9/43.1
7103 0.49/0.83 0.35/0.70 0.44/0.79 19.4/94.0 19.9/111 24.0/118
7104 0.02/-0.07 0.0/0.0 -0.3/0.21 42.3/226 46.1/218 49.1/187
7105 0.17/0.16 0.29/0.34 0.33/0.18 27.0/193 20.3/198 25.7/201
9784 0.85/0.77 0.85/0.77 0.87/0.80 16.0/54.8 15.2/40.9 13.2/31.9
12790 0.64/0.83 0.67/0.81 0.68/0.85 24.0/20.3 22.1/19.3 21.5/19.1
12820 0.72/0.83 0.73/0.82 0.72/0.82 13.7/37.2 13.9/35.1 12.4/34.2
12821 0.55/0.70 0.55/0.70 0.50/0.72 54.8/26.0 52.1/25.0 51.5/23.7
12828 0.76/0.80 0.74/0.88 0.77/0.86 31.4/16.9 30.5/15.9 30.1/14.5
12829 0.73/0.82 0.77/0.89 0.74/0.88 17.6/37.2 17.4/33.2 18.1/35.2
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4.4 Observed and Simulated Currents

Figures 57—76 and Tables 8a through 9c show the 1991- 1992 results of comparisons between observed
and simulated currents using the 2-D coupled ice- ocean moddl. The results based on the different sources
of atmospheric pressure fields are close to each other, but, on average, the NCAR-based annual mean
simulated velocities (Tables 8a and 8b) are higher than the FNOC- and ECMWF-based water velocities.
Direction of the observed currentsis reproduced well enough by all three sources of atmospheric data.
Annua mean wind over the Chukchi Seaiis relatively weak and does not significantly change currents
generated by the secure-level gradient between the Pacific and Arctic oceans.

Table 8a. Comparison between observed and simulated annual mean currents in 1991- 1992,

Mooring Mean U velocity, cm/s Mean V velocity, cm/s
Observed NCAR FNOC ECMWF Observed NCAR FNOC ECMWEF

BSE 10.0 -32 2.8 -2.8 231 31.2 27.8 26.4
BSN -8.6 -36 -39 =30 184 234 20.7 20.6
AP18 18.0 8.0 6.1 4.8 105 4.1 3.3 2.7
EP3 -1.0 24 2.7 2.1 2.8 3.3 2.8 2.2
BP12 21.7 111 8.7 6.4 7.3 -34 -1.7 -1.0
CP3 -14 21 2.2 2.1 8.1 8.2 7.9 7.0
MA190 5.7 -12.0 -10.6 - 111 19.8 15.9 -
MA290 2.1 -45 -38 - 154 275 22.7 -
MA390 -8.2 =79 -85 - 20.6 24.7 19.7 -
MC290 25 54 -85 - 3.8 5.1 8.1 -
MC390 -33 32 -4.3 - 4.1 11 1.2 -
MC490 2.6 2.7 2.3 - 4.8 24 -5.0 -
MC690 0.5 3.3 2.2 - 4.1 3.8 -0.8 -
ME290 -2.8 -14 -0.1 - 13 0.2 1.6 -
MF290 -05 0.8 3.9 - 124 4.0 7.9 -
MK 190 138 8.2 0.2 - 4.0 25 0.2 -
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Table 8b. Comparison between observed and simulated annual mean currents in 1991- 1992,

Mooring Direction of the current, degrees Velocity of the current, cm/s
Observed NCAR FNOC ECMWF Observed NCAR FNOC ECMWEF

BSE 23 354 354 353 25.2 31.4 27.9 26.5
BSN 335 351 349 352 20.3 237 21.1 20.8
AP18 59 63 62 60 20.8 9.0 6.9 5.5
EP3 340 36 43 43 3.0 4.1 3.9 3.0
BP12 71 107 101 9 229 116 8.9 6.5
CP3 350 14 15 17 8.2 8.5 8.2 7.3
MA190 27 328 326 - 125 232 19.1 -
MA290 7 351 350 - 155 27.9 23.0 -
MA390 338 342 336 - 221 25.9 215 -
MC290 325 313 314 - 4.4 7.2 11.8 -
MC390 321 288 285 - 5.3 3.4 4.5 -
MC490 331 312 205 - 55 3.6 55 -
MC690 7 40 110 - 4.1 5.0 2.3 -
ME290 294 278 356 - 31 14 1.6 -
MF290 358 1 26 - 124 4.1 8.8 -
MK 190 74 107 45 - 144 8.6 0.3 -

Table 9a. Results of smulated currents using a 2-D coupled ice- ocean moded. Standard deviation.

Mooring Standard deviation of U velocity, cm/s Standard deviation of V velocity, cm/s
Observed NCAR FNOC ECMWF Observed NCAR FNOC ECMWEF
BSE 7.3 21 2.6 24 22.7 204 255 25.6
BSN 10.9 2.7 35 33 183 139 17.8 16.8
AP18 25.6 18.7 224 22.6 123 6.5 7.5 8.2
EP3 4.3 6.7 7.5 8.4 9.1 7.6 10.1 116
BP12 26.2 26.6 30.8 321 174 6.5 7.4 9.3
CP3 4.7 7.4 9.0 10.1 8.6 8.7 8.7 9.6
MA190 9.5 131 151 - 24.6 17.9 227 -
MA290 34 34 4.2 - 25.9 239 30.3 -
MA390 123 4.7 5.7 - 225 189 24.7 -
MC290 7.1 5.5 6.4 - 5.6 5.6 7.5 -
MC390 6.4 6.3 6.0 - 6.9 9.0 111 -
MC490 5.5 6.6 6.7 - 104 8.6 14.7 -
MC690 4.2 6.1 8.2 - 124 8.8 142 -
ME290 117 7.4 9.0 - 31 35 4.7 -
MF290 2.6 7.2 9.0 - 105 7.0 8.5 -
MK 190 25.9 24.2 30.5 - 153 6.0 7.5 -
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Table 9b. Results of smulation of currents using a 2-D coupled ice- ocean model. Root mean square

error.
Root mean squareerror (RMS) for Root mean square error (RMS) for
Mooring U velocity, cm/s V velocity, cm/s
NCAR FNOC ECMWF NCAR FNOC ECMWF

BSE 151 14.9 147 15.9 175 15.6
BSN 125 12.7 12.3 118 123 11.0
AP18 181 18.8 19.8 104 10.6 10.9
EP3 9.0 9.8 105 6.7 8.1 9.4
BP12 18.3 214 233 238 24.0 24.4
CP3 9.0 10.8 121 7.2 7.9 9.0
MA190 27.0 276 - 19.0 17.9 -
MA290 7.6 7.2 - 21.4 21.2 -
MA390 10.3 10.6 - 12.8 117 -
MC290 6.6 9.5 - 6.6 9.9 -
MC390 6.3 6.6 - 7.9 9.4 -
MC490 5.8 6.1 - 8.5 151 -
MC690 7.4 9.0 - 9.6 12.7 -
ME290 13.6 14.7 - 43 4.9 -
MF290 7.3 9.8 - 139 14.7 -

MK 190 185 245 - 20.3 210 -

Table 9c. Results of simulation of currents using a 2-D coupled ice- ocean mode. Correlation

coefficient.
Coefficient of correlation between Coefficient of correlation between
Mooring observed and simulated U velocity observed and simulated V velocity
NCAR FNOC ECMWF NCAR FNOC ECMWF

BSE 0.12 0.10 0.15 0.80 0.76 0.81
BSN -0.13 -0.12 0.12 0.81 0.78 0.81
AP18 0.81 0.82 0.82 0.79 0.79 0.79
EP3 -0.09 -0.11 -0.16 0.69 0.65 0.61
BP12 0.84 0.83 0.84 -0.59 -0.53 -0.43
CP3 0.11 0.01 -0.08 0.57 0.59 0.52
MA190 -0.67 -0.62 - 0.73 0.74 -
MA290 0.34 0.40 - 0.75 0.76 -
MA390 0.58 051 - 0.84 0.88 -
MC290 0.58 041 - 0.34 0.10 -
MC390 0.52 0.45 - 0.60 0.60 -
MC490 0.56 0.52 - 0.64 0.63 -
MC690 0.14 0.11 - 0.64 0.62 -
ME290 0.06 0.05 - 0.22 0.26 -
MF290 0.18 0.22 - 0.25 -0.07 -
MK190 0.75 0.75 - -0.54 -0.60 -
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4.5 Bering Strait Water Transport

Y ear-to-year and seasona fluctuations of the water transport in Bering Strait are natural indicators of
large-scale circulation and the interaction between the atmosphere and ocean in the Chukchi Sea.
Therefore, a comparison among simulated water transports in Bering Strait, obtained using different
atmospheric pressure sources, can vaidate our preliminary conclusions about the accuracy of the NCAR,
FNOC, and ECMWF data sets. Figure 77 shows this comparison among simulated water transports from
different sources of wind forcing. Again, all of them give practically the same numbers for water
transport. Maximum coefficients of correlation are between ECMWF and NCAR data. FNOC data, aswe
discussed before, has some problems when the atmospheric pressure is lower than 950 mb, which usualy
happens in fall or winter. These situations, shown in Figure 77, are visible at the beginning of 1991 and
the end of 1992.

4.6 Results of Circulation Simulation Using a 3-D Barotropic Model

Some results of smulation of 3-D currents in the Chukchi Seain 1991 and 1992 are presented in Tables
10-11 and in Figures 78-89. The new results are better than those obtained with the 2-D coupled

ice- ocean model. It isimportant to note that the 3-D model currents can be obtained for the depth at
which observations were made. This alows higher accuracy in smulated velocities. Analysis of Tables
10 and 11 shows that the differences among currents simulated using NCAR, FNOC, and ECMWF data
are small; it is difficult to recommend which atmospheric field is better to use.

Table 10a. Comparison between observed and simulated 3-D annua mean bottom currentsin
1991- 1992. 3-D currents are averaged in the vertical direction.

Mooring Annual mean U velocity, cm/s Annual mean V velocity, cm/s
Observed NCAR FNOC ECMWF Observed NCAR FNOC ECMWEF

BSE 10.3 5.4 45 4.3 25.3 33.6 311 31.8
BSN -9.0 -34 2.7 2.0 19.9 35.6 32.6 324
AP18 15.7 20.7 17.9 15.6 9.3 1.2 0.6 -01
EP3 -1.3 1.9 1.9 1.8 3.2 8.3 6.3 6.3
BP12 195 27.8 235 20.1 6.4 2.2 1.9 1.7
CP3 -1.2 3.1 34 3.1 7.6 7.6 7.2 8.9
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Table 10b. Comparison between observed and simulated 3-D annual mean currents 1991- 1992. 3-D
currents are averaged in the vertical direction.

Mooring Direction of the current, degrees Velocity of the current, cm/s
Observed NCAR FNOC ECMWF Observed NCAR FNOC ECMWEF

BSE 22 9 8 8 27.3 34.0 314 321
BSN 335 354 355 356 218 35.7 32.7 324
AP18 59 86 88 0 18.2 20.7 179 15.6
EP3 337 13 17 16 3.0 8.6 6.6 6.6
BP12 71 85 85 85 20.5 27.9 23.6 20.2
CP3 350 2 25 19 7.7 8.2 8.0 9.4

Table 11a. Bottom velocities. Results of simulation currents using the 3-D ocean barotropic model.
Standard deviations.

Mooring Standard deviation of U velocity, cm/s Standard deviation of V velocity, cm/s
Observed NCAR FNOC ECMWEF Observed NCAR FNOC ECMWEF
BSE 7.6 3.1 4.6 4.8 224 119 15.7 15.8
BSN 10.7 2.6 3.7 4.7 184 130 18.0 18.6
AP18 251 151 18.6 20.3 119 6.7 7.1 7.5
EP3 4.0 3.8 4.0 5.4 9.3 10.3 134 136
BP12 26.2 23.8 29.0 315 17.9 31 34 4.0
CP3 5.0 6.3 7.9 8.9 8.7 6.7 8.7 9.6

Table 11b. Results of smulation of currents using the 3-D coupled ice—ocean model. Root mean square

errors.
Root mean squareerror (RMS) for Root mean squareerror (RMS) for
Mooring U velocity, cm/s V velocity, cm/s
NCAR FNOC ECMWEF NCAR FNOC ECMWF

BSE 9.7 10.6 110 16.9 155 14.9
BSN 112 111 112 19.1 16.9 16.5
AP18 154 132 123 117 120 125
EP3 6.4 7.0 7.6 9.7 10.8 110
BP12 158 15.0 154 16.3 16.5 16.3
CP3 8.9 10.7 117 6.1 6.3 7.4
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Table 11c. Results of smulation of currents using the 3-D barotropic model. Correlation coefficients.

Coefficient of correlation between Coefficient of correlation between

Mooring observed and simulated U velocity observed and simulated V velocity

NCAR FNOC ECMWF NCAR FNOC ECMWF
BSE -0.03 -0.06 -0.05 0.80 0.78 0.80
BSN 0.50 0.57 0.61 0.81 0.81 0.83
AP18 0.85 0.86 0.87 0.72 0.73 0.72
EP3 0.02 0.00 -0.07 0.65 0.63 0.64
BP12 0.86 0.87 0.87 0.74 0.65 0.67
CP3 0.07 -0.06 -0.15 0.72 0.74 0.68

4.7 Seasonal Variability

Monthly variability of the surface atmospheric pressure and water circulation in the Chukchi Sea,
presented in Figures 90- 110, is based on NCAR, FNOC, and ECMWF atmospheric pressure data. If we
compare these patterns with the circulation generated by a secular sea level gradient between the Pacific
and Arctic oceans [see Weingartner and Proshutinsky 1998] we can conclude that the wind is a mgjor
factor responsible for the seasonal variability of the Bering Strait transport and the water circulation in the
Chukchi Sea. In October the Alaskan branch of the Chukchi Sea current system is pronounced in all three
patterns representing NCAR, FNOC, and ECMWEF results (Figures 90- 92). A northward transport along
the depression to the east of Herald Shoal is adso well defined. Differences are large among ECMWEF,
NCAR, and FNOC patterns in the area of Wrangel I1dand. The ECMWF results show a cyclonic water
circulation around Wrangel Island as a part of the East Siberian coastal current, with velocities of about
30 cm/sin Long Strait. The NCAR data do not show the existence the East Siberian current at all. The
FNOC data show very smdl velocities associated with this current.

In November (Figures 93-95) the water circulation in the Chukchi Seais influenced by easterly winds
generated by the atmospheric pressure gradient between the Aleutian Low and the Arctic High. The
isobars nearly coincide with the direction of the geographical paralléls. In this situation, the major flow
from Bering Strait is directed toward the northwest. The Alaskan branch of the Chukchi Sea current
system does not exist at this time, and the Chukchi Sea surface water penetrates to the East Siberian Sea
through Long Strait. NCAR, FNOC, and ECMWF atmospheric pressure distributions and circulation
patterns are very similar in November. In December (Figures 96-98) the Bering Strait surface current is
practicaly blocked by northeast winds as a result of intensification of the Aleutian Low. The Alaskan
coastal current is reversed, and there is a tendency toward formation of an anticyclonic surface water
circulation around Wrangd Idand. The patterns of the NCAR, FNOC, and ECMWF pressure fields and
currents are similar except for some differencesin the intensity of the Aleutian Low, and some
differences in the location and intensity of the Arctic High. The maximum surface current velocity
obtained using ECMWF data is 65 crm/s, which is 20 cm/s higher than velocities represented by the
NCAR and FNOC data. Patterns of atmospheric pressure and currents in January (Figures 99-101) are
very similar to distributions of atmospheric pressure and currents in November, except that the
atmospheric pressure gradients are larger, resulting in higher velocities in the surface currents. The NCAR
data show a maximum velocity of 65 crm/s; the FNOC and ECMWF data show 71 cm/s and 82 cm/s,
respectively. February (Figures 102-104) and March (not shown) pressure distributions and currentsin
the Chukchi Sea are close to November patterns when the Alaskan coastal current is reversed and the
major flow from Bering Strait goes along the Chukotka coastline to the East Siberian Sea. From April to
September (April and June are shown in Figures 105-110) the Chukchi Sea circulation is more or less
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stable and is very close to the climate patterns described by Aagaard [1988], Coachman and Aagaard
[1988], and many others.

Figures 111- 122 show bottom circulation and sea level variability in the Chukchi Sea as derived from
NCAR-, FNOC-, and ECMWF-based simulations. Bottom currents flow aong depth contours. These
currents are more stable than surface currents, and differences among NCAR, FNOC, and ECMWF
results are much smaller than among the patterns of the surface currents. During the entire year, the
bottom currents are directed toward the north through Bering Strait and do not show blockage of the
Bering Strait water transport in winter.

4.8 Comparisons of Water Trajectories

Water parce tragjectories are shown in Figures 123-125 for surface, bottom, and vertically integrated
currents based on simulations using the NCAR, FNOC, and ECMWF data. Water parcels were released in
four points of the section across Bering Strait on 1 October 1991. Maximum divergence among
trgjectories of parcels representing NCAR, FNOC, and ECMWF atmospheric pressuresis observed in the
surface data because of the higher velocities of the surface currents. The trgjectories of NCAR, FNOC,
and ECMWEF parcels, which represent vertical mean and bottom currents during the first month of
motion, are very similar. Tragjectories of the surface parcels representing NCAR, FNOC, and ECMWF
data repeat each other during the first 5-8 days only. Thisisimportant for calculations of the pollutant
transport because it demongtrates that al three sources (NCAR, FNOC, and ECMWEF) of atmospheric
pressure can be equally successfully used for prediction of contaminant motion in the Chukchi Sea.

The dependence of the trajectory on the different components of water velocity is extremely variable. In
our case of the barotropic sea, there are two components of the water currents: a wind-driven current, and
acurrent generated by the sea level dope between the Pacific and the Arctic Oceans. From experiments
carried out we conclude that the role of the permanent current (the current induced by sealevel dope
between the Pecific and the Arctic Ocean) gradually decreases toward North from the Bering Strait area
Thisis very well manifested not only in the trgjectories of the water parcels, which move with the bottom
and vertically mean velocities but with the surface water currents as well (Figures 123-125).

The derived patterns (Figures 123-125) suggest that parcel trgjectories depend strongly on initia position
and time of release. The latter dependence is very important in smulations and investigations of
contaminant transport.

We identify two regimes of the Arctic system decadal variability [Proshutinsky and Johnson 1997], which
correspond to the cyclonic and anticyclonic circulation of the Arctic atmosphere and ocean with “cold and
dry” and “warm and wet” atmospheres, and “cold and saltier” and “warm and fresh” ocean water,
respectively. Shifts from one regime to another are forced by changes in location and intensity of the
Icelandic Low and the Siberian High. Wind-driven ice and water motion in the Arctic aternates between
anticyclonic circulation regime (AACR) and cyclonic circulation regime (CCR), with each regime
persisting for 5-7 years (period is 10-15 years). Understanding the two circulation regimes is useful for
investigating the temporal and spatial variability of ice, water and pollutant transport in the Arctic Ocean
and in the Beaufort and Chuckhi seas. For example, in Figure 126 and Figure 127 we present the
trgjectories of water and ice markers released monthly beginning in Bering Strait for a period of
anticyclonic and cyclonic regimes. NCAR atmospheric pressure and a 2-D model of the entire Arctic
Ocean was used for this smulation.

Water markers moving with vertically averaged velocities have comparatively stable trgjectories
following bathymetric features and consistent with the two circulation regimes. Parcels released in Bering
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Strait have trgjectories with both cyclonic and anticyclonic rotation. During anticyclonic regimes (Figure
126, left column) they move with the Alaskan Branch of coastal current and after reaching a longitude of
about 140°W they become involved into the Arctic Ocean Transpolar Drift system and move generaly
anticyclonically. During cyclonic circulation regimes (Figure 126, right column) the water parcels again
move from the Bering Strait with the Alaskan coasta current but closer to the coastline than in the case of
anticyclonic circulation regime. After that they usually cross longitude 140°W and continue their motion
toward straits of Canadian Archipelago or to Fram Strait along coastline of Canadian Archipelago
forming a cyclonic type circulation.

Ice trgjectories (Figure 127) are more variable because of the direct wind influence. Tracks of theice
motion can be found everywhere in the Arctic basin with a maximum concentration in the Beaufort Sea
and along the core of the Trans-Arctic Current but one can easily distinguish between anticyclonic and
cyclonic regimes of circulation. It isimportant for arctic studies to know which regime prevails any time.

5.0 Conclusions

We have investigated the differences among three nominally identical wind field representations derived
from surface atmospheric pressure fields prepared by ECMWF, FNOC, and NCAR. We have analyzed
wind data from the National Weather Service offices at Barrow and Kotzebue, Alaska, to examine
differences between observed and estimated winds. We have investigated ice-drifting buoy data from the
International Arctic Buoy Program to examine differences between observed and simulated ice drift, and
we have used 2-D and 3-D numerical models to analyze differences in shelf circulation, as forced by the
three wind fields.

The results of this study demonstrate that the ECMWF sea level atmospheric pressure data with a spatial
resolution of 1.125° and a temporary resolution of six hours can be recommended as the best source of
wind forcing. The FNOC atmospheric pressure fields with a spatia resolution of 2.5° and a temporal
resolution of six hours can be recommended as well, in the absence of ECMWF data. NCAR data with a
spatia resolution of about 350 km and a tempora resolution of 12 hours can be used successfully for
climatology studies. All three sources of atmospheric pressure can be used with equal successin the
Chukchi Sea for predictions of pollutant transport for a period of 5 8 days.

6.0 Recommendations

Comparison between observed and simulated currents in the Chukchi Sea demonstrates that some effects
are not reproduced by the 3-D barotropic model. These effects include baroclinicity and thermodynamic
processes related to ice formation and ice decay. A 3-D dynamic thermodynamic coupled ice- ocean
mode can be recommended for determining the seasona and interannual variability of Chukchi Sea water
dynamics and ice conditions. It will alow an investigation of variability of currents due to air- ice- ocean
interactions, formation of baroclinic jets [Aagaard 1988], and investigation of processes related to
convection, water salinization, and freshening during ice formation and melting. The latter is important
for smulations and predictions of pollutant transport because vertical motions play a significant rolein
redistribution of contaminants.

24



Acknowledgments

We acknowledge the support provided by the Minerals Management Service (MMYS) and the Coasta
Marine Institute (CMI) under task order 14194. We would like to acknowledge support for this work from
the Wadati Fund (Geophysicdl Ingtitute, University of Alaska Fairbanks). We extend our appreciation to
Dr. Richard Prentki , contracting officer’s technical representative (MMS), Dr. Susan Hills, CMI project
coordinator , and reviewers of this project for very vauable comments and advises. Numerical
computations were carried out using the CRAY Y-MP located at the University of Alaska Fairbanks.

References

Aagaard, K. 1988. Current, CTD, and pressure measurements in possible dispersal regions of the
Chukchi Sea. Outer Continental Shelf Environmental Assessment Program (OCSEAP) Final
Reports of Principa Investigators 57: 255- 333.

Aagaard, K., C. H. Peaseand S. A. Sdlo. 1990. Beaufort Sea mesoscale circulation study: Preliminary
results. Outer Continental Shelf Environmental Assessment Program (OCSEAP) [1988] Final
Reports of Principa Investigators 65: 137- 304.

Blumberg, A. F. and G. S. Mdlor. 1983. Diagnostic and prognostic numerical circulation studies of the
South Atlantic Bight. J. Geophys. Res. 88(C8): 4579-4592.

Coachman, L. K. and K. Aagaard. 1988. Transports through Bering Strait: Annual and inter-annual
variability. J. Geophys. Res. 93: 15535- 15539.

Coachman, L. K., K. Aagaard and R. B. Tripp. 1975. Bering Strait: The Regiona Physical
Oceanography. University of Washington Press, Seettle. 172 pp.

Kowalik, Z. 1981. A study of the M2 tide in the ice-covered Arctic Ocean: Modeling, identification and
control. Norw. Res. Bull. 2(4): 201-223.

Kowalik, Z. and A. Proshutinsky. 1994. Diurnd tidesin the Arctic Ocean. J. Geophys. Res. 98(C9):
16449-16468.

Kozo, T. L. 1979. Evidence for sea breezes on the Alaskan Beaufort Sea coast. Geophys. Res. Lett.
6(11): 849-852.

Kozo, T. L. 1982. An observationa study of sea breezes aong the Alaskan Beaufort Sea coast: Part I.
J. Appl. Meteorol. 12(7): 891-905.

Kozo, T. L. 1984. Mesoscale meteorology of the Norton Sound. Outer Continental Shelf Environmental
Assessment Program (OCSEAP) Fina Reports of Principa Investigators 39: 1- 102.

Kozo, T. L. and R. Q. Robe. 1986. Modeling winds and open-water buoy drift along Eastern Beaufort
Sea coast. J. Geophys. Res. 91(C11): 13011-13022.

25



McPhee, M. G. 1980. An anaysis of pack ice drift in summer. Pp. 62—75 in: Proceedings of the
AIDJEX Symposium, University of Washington Press, Sesttle.

Overland, J. E. and A. T. Roach. 1987. Northward flow in the Bering and Chukchi seas. J. Geophys.
Res. 92(C7): 7097—7105.

Pacific Northwest Laboratory. 1983. Wind Energy Resource Atlas, Volume 10 — Alaska. Battelle, PNL-
3195 WERA-10, 183 p.

Proshutinsky, A. Y. 1978. On the problem of numerical simulation of storm surges in the shelf zone of
the arctic seas. Sov. Meteoral. Hydrol., trandated from Russian by Allerton Press, Inc. 1. 72—79.

Proshutinsky, A. Y. 1986. On the problem of calculating the storm surge fluctuations of sealevel and
water circulation in the Chukchi Sea. Sov. Meteorol. Hydrol., trandated from Russian by Allerton
Press, Inc. 1: 54-61.

Proshutinsky, A. Y. 1988. Modeling seasonad fluctuations of the level of the Arctic Ocean. Sov.
Meteorol. Hydral., trandated from Russian by Allerton Press, Inc. 2: 57- 65.

Proshutinsky, A. Y. and M. A. Johnson. 1997. Two circulation regimes of the wind-driven Arctic Ocean.
J. Geophys. Res. 102(C6): 12493-12514.

Roach, A. T., K. Aagaard, C. H. Pease, S. A. Sdlo, T. J. Weingartner, V. Pavliov and M. Kulakov. 1995.
Direct measurements of transport and water properties through the Bering Strait. J. Geophys. Res.
100: 18443-18457.

Rothrock, D. A. 1975. The mechanical behavior of pack ice. Ann. Rev. Earth Planet. Sci. 3: 317- 342,

Spaulding, M., T. Isgji, D. Mendelsohn and A. C. Turner. 1987. Numerica smulation of wind-driven
flow through the Bering Strait. J. Phys. Oceanogr. 17: 1799-1816.

Schwerdtfeger, W. 1985. Mountain barrier effect on the flow of stable air north of Brooks Range. Pp.
204-208 in: G. Weller and S. A. Bowling (eds.), Climate of the Arctic. Geophysical Ingtitute,
University of Alaska Fairbanks.

Thorndike, A. S. and R. Colony. 1982. Seaice motion in response to geostrophic winds. J. Geophys.
Res. 87: 5845-5852.

Weingartner, T. J. and T. O. Proshutinsky. 1998. Modeling the circulation of the Chukchi Sea, Fina

Report, OCS Study MM S 98-0017. Coastal Marine Institute, University of Alaska, Fairbanks,
sp.

26



R

A M
a \-,\,q"“'
LI s
I
17y 1557 % alt 9
Figure 1. B athymetric map of the Chulkchi Sea.

A . L T

Figure 2. Location of moorings used for comparison with the model results.



=8

4@

J8

28

8

GAID POINT LCCATIOMS FOR THE MMC OCTAGONAL

aR1C 1472511

- O
— e+ 4
i
. PR
A " 1,
o -'fl + R |
- . i IJ |
=%+t o=
........ Ea.. oy . f
- ] owo= P - . |
PRl e [ |_=.- . <:_.
" ' . I = = o=
1"-'1*5'-.‘-!“1-.&1 R,
=, e = 2 "o =20 R - :|-'—|__- . ="
] . K - P id = I +* m R - .
= . [* 1 1 !i .|' .J+ i :1.:':

g i __.:.. _|._I.l r n - ..‘_r K- - - +, .fi.'-!. + = LR '-EIPF - 5
ERE] +h|-_++—||i-+++-+d'l;l-:‘.:h;-5'l'-r+ o+ o+
1 i R . +._l.--'I‘- ; O ._I 1
- . . y E - -1. .

1-7- 2
i " --||:-
= Re - Lo
- 1. 1 .|.;I|
1 s owp
] i |.|.E.
1
l: 1 1 -‘L
t + 4+ + %
. R
1 1 ';.'I
=1 - A=y
- = - i Fimwmd
S - a
4 & + + F + 1
. Ty - . R )
L <l o « w11 *r b, r b g rlI- r |
. [ - T 'R T -F'E.II - -.\.*I_- + = |
- e e e . . AR . R A 1Y [y g |
& a J.:F-:.l.l.l.- ] I-I- g -a.a.a a m mr r:l-ll\_-l-
ot I - S e s
L~ - .|.1E"_. - g L -'-_. ferf oo . i . = om I | .|.1'-\.|
) . S LR Y ' o=
o ] L] [ ] [ s
1 h".._l P ' i " .-__. - -_}.I =
L T = R F R RS b kA S E
[ | |-‘i__-_ (R i_.- LI R | : |-||-1'._-| -
T [ L . e "
H] - e m o "

e

F
r"f1:_:'\—l'|‘-ﬁl:"1'+1'++
L R R 1 [

Figure 2.

FiAsT PQIWT 5], 01 = 15,5 = 3. 1TH. 99 _BHd

SECOMI POIHT 201.J1 = 16,1 = B . Bbak, 97 74w

LAST POIMT €1,J1 = 51 33 = 9 TTR_HE 2L
PELE AT | .J = 24 26

MCAR octagonal grid (47 x 511 forseasurface atmospheric

pressure fields. Saolid, thick, black line shons boundaries ofthe area under

research.



EChWT fdst 1] ;_f':: erd FNOC otrmospheric pressure gric

L 3 _' . 5 _ , F
; T ke & w2 ] =
‘ 'I_J . ' ,‘ Hormw a .' " : 1 i
-r-—l_ : ; :. .‘. -1:
I « = o« g ¥ '
. | . ;
]
4 -- — l‘.'ll_-

Figure <. EChUF and FMOLC (12 x 411 2.57 resolution grid for sea surface atmos pheric pressure fields.



o3

s TN e |.':_f -:_"_rw-;_::;"ir_'-f 5 S pressure 11

Figure 5, EChWF 1125 resolution grid for seasurface atmospheric pressure fields.



NCAR—-FNCC correlgtion

NOAR—FCMNF carrelation

= s '
0,90 - - S _

i : i

} ? (’E) T

= h— r_f_l}' II.

o |I I o | |:|;'_I| H"\-I

o ol L\‘-HE: o b
e k\ N /

W S ENE L i

b X it ; % III"-. ll'. A -

Mox=0.99 - Min= 0.74
FCMWF—-FNOC correlaticon

Jaruary

Max=0.92 , Wn=0,74
NCAR=FROCT IMS (mz)

Figure .
and EChMWIUF sea level atmospheric pressure fields in Januany of 1291,

Ly s e el _Ill.r S i A e
i 3-'313*-_5 YN 08507
R I; [ H i e '.".
""""'i""ll"-_-"-' PR 1 48 - TR i 1 - . ..I
d a S .
O S i - .. @‘;{ﬂx - g S
W -.‘*-;".u--' ¥ DI ey = g "

k b T . LN T, ' =] T
éi::l:w& _________ _-:..li i MR'-"II 5"""-.-.-".""‘.1"'- - B ".l".,.l 'N:Eh
™, . <7 ':(_\'I "‘-“‘"-"I'
- o ; : o

........... .":.{._;:_.:I. 55 = .--Elli-.l..\_l._.{. "_'l_.\_ ~f 11
} A i el
Froae | s ¢
Max= 1.00 ; Min= 0.24 Max=11.5 ; Min= 1.6
3 . = = - - - EE I I 1 : "
NCAR-ZCMAE 3MS (mb) FNCC—ECKWWE RMS {Tb)
ST S
] 1 PR D AT L | P
'..\"._.':-,.I':HJ_ . ! |I_._,. II:'-"- T"'.l_:l: —'-\_"ii By By o
III;_'-\' ":%'\' _.-"l- E I'l _,-._- ITIL.\I:I ._,-'-.l =, -~ ':
1 h.;l_.r":' ¢ - e -
o .-ﬁ . :q.'-_.-;lr ':'I'.':r'.' l:'."!,-':"'l 1 -__;1 "";'.Ij-*-x"' -'Ff_,:- -
5 o S N B @R
[ T — gt Pas B
N e R IR St
b | BN T b iR
" T T E. .p‘ 7 4 e .Ilr;“-h__"_i__?,ll.:.':-._-":‘fr L
:__-.- _l!l-_.-'llllr"lr = o II II I'. __] L ':..::"'.l:-:- £ |':' : "I-'\.

Wax= 5.5 ; Min= 0.4

Spatial distribution of correlation coefficients and spatial distribution of B S among HCAR, FNOC,



NCAR —FNOC correlation NCAR—ECMWF correlction

—_— B — VLRI a0 . ¥

=
PP jjlr d . 3 =k L
o e £ =" | — |2 \i@‘i‘é/ Q'IE;}, TR B R S N E i\
SR CERCHN & Xy
::’.; H'j_. '."'-.LII G o g__?,'!;lrl: .......... - P T ¥ -ir
P i i z y A
' ~ H R
H"-'*:--vf 55 'LH L Hfr I"i B 5
3 | s Vi ‘ b 25 i
Mog= 1,00 ; Wn= 1195 Mox=1.0C ; Min=0433

ECKWF—=FNOC correlctior MCAR—FNCC BMS [nb)
---:-:HL" ....... .E 23 b J---&;:.-. .-..-.-_;-.---.II,-....l_-|r_'| o3 _. o o7 .

T < — — f Tad e -
— I} .75 -H-h',_q-ﬁ.’!' ................. -'"a—f"'f) ......... FTE daeeanae 2ben st N R
ﬂlf'““'-. r_ P T ' | :,.*_/) e e
_________ ! L e A R e R HL0 o oy P TR . £ Wl | Rt i R el Al
| L 'w._..-'l p %,—_:___ ™, & | i wd Ir("' 8 = Ty
-, A ] Qfg_':'}? 9%, o |8 |wWosm N EE SN
H"‘-\.‘:‘:\__.-"- ...Fr"_ :_-E () Ilr-?l‘\l o :2‘_,.{.;“---. -.:"-. -I:':- lllqu.:t'::'"-_.;_.- i o g ot e _.:l__. .Il:\_.::.x ey
L

Mas=1.00 : Win= 0.97 Viax= 4.0 : Mir= 0.7
NCAR—ECMWT RMS {ma) FMOC—ECKMWE RIS (mh]

February
g
- a3
il ey [ ey
%ﬂ\yt N
Y
o
@i
i)
?
iR
q.-.;--"‘.,h

=5 I'“‘-uvr"-l-}- ll:,-'J- _-\- P 1_.:,..._ -F : I o ..__.\,.'-l Al .
AR R L LA
‘g ! et f i

Fas "&.-”"‘"'t ..... g RN U ¢ -J;"'-M,r e
e | P e BT

ax= G.8 ; Mir— 0.8 Max= 8.0 ; M= 0.5

Figure ¥, Spatial distribution of correlation coefficients and sp atial distribution of B WMS among NCAR, FHNOLC,
and EChWWVUF =ea level atmospheric pressure fields in Februang of 1991,




NCAR-FNOC correigtion

""J_Hx‘ﬁ._ T

r-:-'-r_l:-e= '_Cj o Kin= 082
TCRWF —=FROE corqelalion

Rt T

_"\.\\
o RN S _'b-ﬁ'\\ _____ Y
SN ANRE )
T fT\J¢$f ...... SV AN A
[ L

b T T,

_ _\--\""—.\,n i IIEI:I o — '\-\H—If/fl .{
T V. oLt o
— S =
——— AN
e =70
2 TN
A=_— o [ e
R L ol T
s o, — \ { AT BRAD T
Al S WS AL
2 i

.'u'-ax— 1.00 ¢ Kin= 3 g1
NOARE—=CRWE RIS l:rnb:l

'
AL

il
ok
.

Ay o e 0 S
N :L‘:'.':'"i;'J!""':"' ......... .—x\-__f? \\-

i : ) | Rt Y
’)“:‘ ; o ' ‘ﬁw

' :.'I.l'l.l'fu"r.l'ﬂ Wi TH G | -"ll e |

- L
e

Moz 4.9 ; Wn= 0.8

Figure g,

Wiaroh

Warch

Moroh

MOAR—ECKMWE comr=lation

Mox=1.00 ; Min=0.03

SURTERTRTTTPPOTY . | T T Ty
i e '?-*F““-ﬁ—;f_’r R =
........ 3l....1§*ﬂ_[§_§“?“ = }f&b}_’:’j L

N e
: R P {r} 5
Ao = | o b 'l:“.
5-%.‘\5_-,: ....... .|£ i} || :'I-"-H"\ el ?:
1 U W (U T SO [
o o PN Sk i
T A8 NN TS 2
. W Al NN

NCAR-FNOC AMS {mkE)

T ) CEopok ?-QC -
¥ _-\.\_\_\_ 5 By i
3 e TP TS
&E--L---------q—..-_- LTI
S R S S —
et 5] 'll" ol H
= e Tl kol Ty el
g o __,--’":;' '-J'ﬂf!.,
N = e

Mox= 4.0 ; Min= 0.5

FNCC—COWWE RS (b

Mag= 5.2 ; Mn= 0.2

T ) P NESRAs e
) : B et et iy L oo
; Y i o - '
= I\}ﬂ.l';hﬁlr):,fﬂ T A .

!
BT

NWPANES ) ]

LT Y i
A BT AN S

Spatial distribution of correl ation coefficients and spatial distribution of R WS among NCAR, FHOC,

and ECMWF 23 level atmospheric pressure fields in March of 1991,



MNOAR—=FYO0 correlation

RO

e |— ~i=

correialion

MCAR—ECMW™

)
| i e
—— —— | =2 & e i e I S s
By s £ RS- -V AE G | o
F ! o x"*--"'"-:_'; o - [~ ) = LY "II,E-'I P, 'JE"F.-'.-’HL:':‘- --f-'" ey
; ! S m,-ﬁ:._- 3 — .—‘/-—‘w‘—{d_— I B TEEEE o e e A ',-"'"I.': ...... B : N 3
Y ET . e |t o |2 B E S N T
i e P B, e o L o [ e0i Y o SOV
¥ | | ! vl
| J _ =g \\\-\— =" ... .;....I '.I' ; 55 ¥ ﬂ":_,:-. _h;'h..\_\
| | B \‘*r-:ﬁ’.' : i + Nl Rt s
| | J o (| | YalE et | & E - [
| | 17 I A i % | i
T Mox=1.00 ; Mr=0.34 Max=1.00 ; Min=C.93
ECMWE - FNOC correlation MOAR—"MNCT I$M5S -Iir‘r‘l::l
g e A il B St - el o e s 1
o R g ] Sl e e
o e B (R S e I e e N
X S ,5—.-;\.\5].(:3;, o rmrnnh .-"} ....... :;. rj.‘ A _;,Ia_-,:, ",g*';:'.-":'—----{ ....... “I;.
~ |"v"_ |- {5‘:_—_'3}]"' S L TR - i _!,'I|_rH I| e D e ._:r’-
WSS RE B | b BN g
e N AN R T i AP S L S gy
g b E] Te - \.\:::I_h = ot —H50 4 ‘H‘-u‘:a—ll:._.-"lklt" Dy
‘“"I : {;_} R ﬁ“ ‘r/-_\\'\ { f\-‘: b"}}' !
55 il o) W, Y LER Ll o s
......... AT ] y ! | : 42 : 1 D ; R
e | : voe et Ll et e
o . LAt Fy B Py Rl Al
Mox= .00 ¢ Min= .54 Mox= 3.6 : Min= Q.8
WOAR —ECKWWE RMS |:.’|'l':-:l THOC—ECWWT RMS (b))
.I;—-\-\_\__\. ..... x‘-IIII—._?.‘EI--------_-_-:-'--_-:-_-I-_-_-_-__?E._.-'
| 3 b :
Iﬁ:-\‘___.'__.-'""-i B ”L"\\_.". (R I"'_-.I:E__:,—:-:_,—-' :::]_--txl T
- | T : =0
I #K.E}'Kjala\&b@!;{;#ﬁ?,&‘?-ﬁ&':"i
ST _/rx"ﬁ'“a jr%__f. R T i ”
Cediliaant LEE "-I——.::-_ - WE}/ i
T I.' ) - a'l. i 1‘:\ ;—E—r ol

’ T = -, -\...I.,:. :":.- I' 1 y
il R T 0N
o e | II I|I YN P, 1 !

[ Fol]

£oa
[

; Min= QLB

Figure 9.

Spatial distribution of correlation coefficients and sp atial distribution of RMWS among HCAR, FNOLC,

and EChWF sea lewel atmospheric pressure fields in April of 1991,



MCAR—FMNOC corqelaticn

S ey o e
B s

0

o Eg,:..________a—- . ____.--'T

_'T oo, L
P U -

E
g |,
.r"_.lﬁ .
1\_::_. :
o, |
- [}
s !

Max= 1.0C ; Min= 0.8
MW - FNOC correlation

. | E
EELEEEEE e . E.E k '-\\‘\ Y
Ly : 5

AT, TR,

May

NOAR—ECKWE correlation

P o R Rt B I FOLIT T T . IO ais b o

[ . /-\“‘a_f; = i ’ﬂ‘\h':ﬁ_-"’
I| . 'H.—’--i_j (o] 'I : [ o
...... RERFPERE. | P -1 PEPEEEERTETEE PP S L, e o3

.;l.:. e T | WA |'.'..._. .I'--|I|.r"_| o
O bR

box=1.00 0 Kin=0 91

N ¥
NCAR—FNGC RMS [rb)

Mex= 3.3 1 Min= 0.7
FROC—ECMWE RS ::mh}

Mox= 2.9 ; Min= 0.7

Figure 10

Mox= 5.0 ; Mn= 0.2

Spatial distribution of correlation coefficdent and spatial distribution of RMWS among HCAR, FHOC,
and EChMWF =sea lewvel atmospheric pressure fields in May of 1991,



MOARE—FCKMWF carrelctior

MNCAR—FNDOC corralation

2
=
—
Mex— 1.00 ; Min= 0.82 biax=1.00 ; KWin—0.88
ECMWF-FNOC correlcion MCAR—FHCOCZ RS {rr'L‘?_l
i 1 g e e g g
NS N TS
_“'-?:J'?-'C‘-\_.-'—"'.-f-g\‘:%\l. I.‘T?/.............E._}-...... .E....
LAy | .-"_-'|l""\-\__-_"_,_p \ ' C -
T A W= S psad O A
:I 5 i{%@rﬁﬁﬂr?&ffﬁ_ ;\"'?'Hifh
LA _x;__—’ﬁh“‘.,_ S 1 RENEN z
SEx DBl
Vax= .00 | Mine D.EE Mox= 3.8 ; Min= D.7
CC—ECHMWE RML | mb)

NCAR - ECKMWE RMS (mb) FNOC

150

oh

A1
i

a

7

Lo
5

3

7

B
!

b
iy

KMox= 2.9 : Min= 0.7 Mox= 3.5 5 Min= 0.5

Figure 11. Spatial distribution of correlation coefficients and spatial distribotion of RbS among HCAR, FHOC, and
EChiF =ea level stmospheric pressure fields inJune of 1291,



MOARE —Fhk D_I: correlation

NOAR—FECKWWF corrclotior

—afe—— ———1—1
B -Sgﬂ _\__'___.-_o- 73 " :
|
T o=
e ._. ._.-"d-—_-\. _,II-I e
} | i e ;
& - e E5 f'f:, _‘T‘ﬂ-ﬁ) =
e o F AT S ——
= %—E:n O\\“ Enc" E ) r.'_
. ; T iy ,»-"'."“::-. ','H.
% E:E%’“‘*”:J a5 SR
— ., T
H"\‘ul' Wl | \.? l"‘\._H
£ N

July

-
r"__'-l'
LT

Muog= 1,00 ; Win= 011.87

ECMWE=FNOC carre alion

Max=1.00 ; Min= 0.89
ROAR—=CRMWE AINE (ﬁ'lb:

Max=1.00 - Min=0.95

NCAR—FNGE RUS (k)

July

Yax= A1 0 Min— U6

Figure 1Z2.

.|._:|}-'

Moo= 3.4 : Min= 0.6
FMNOCD—ECKWE K5 i--rb;]

S [ i 3
ol >
£y 'l: ,\:':?5"',- -\N‘-'-_E_‘\"-\.-—””‘" :I..-..
.? ¥, |r-_:_--\'| M : -
[ ' ) - )
— ) r": y I....-' & 7 ?-\' -\___-;'H-_ st o I"\-\
|l\ _i__.-*'-:u__ A L __,_q_E et !:j.f T
“ | - —T }“." Il-" . ! [
:J.I.. . Lo} o bE PR o, _
— o]

Spatial distribution of correlation coeficient and spatial distribtion of RMS among MCAR, FHOLC,

and EChWF sea level atmospheric pressuare fields in July of 1991,




MCAR—-FNQC correlation

?*JL”:AF—:—FCH'-."'J"_ carrglation

o

i

i

_..._.,.._.;. ............... I
.-'—""F_o—-

f///{

H‘n i 'ul‘ i u:};_ﬁ; J/"\ /
W Ja Y
] f\v AR
i -'-;:. A et |
z T g ST NS 3
i .'_- |;. 4 3 | ,_“'E* 3
ek T f s l..-'_{:.lr"_'“\‘*. ll_fr.f g
B R Rt Ste st tl I R AR e e “';‘_;"._
/%13 SRR 4
oL : t\;:. ‘.‘:lllf_gf-.:;. 4 -_{..c_:.‘-'j
{ T B, Y e
’ [ - i P

1.00 ; Min=0.97
ECMWF -FNOC correlation

r-.-'r_r.-:=.

Max=".C0 ; Mn=0.52
MCAS —FHNOD RS |:_-I"“'I:.'.I}

e . i AR e

PN Pe— 3B in F
T T T T e L

2! L. =, ] .

s -J' I"-d_:- _h|d_.-';__.i' Il"' s B Wi

7 : A ;
e
i L ir . i N = ] HE "'.__
g | e X '-k'_-;,-':{';:u':' b5 i ,) : M_“'H_H_;rllir
= -~ y ) ey
é —r A o ) | ';|_\:_’J|,r"l' i I b
""_'EF?"’_'MI"I .{%.j “w-l\L AV e

=Tt .-'-\I‘ 1] )i T =y ST
B % i

2 YA, W [l S JH SR e 5.
R\ 2 e
etk 3 YA W

Min= L%1

Viagxs=1.00
MOAR—=ECRWE RiA {rnh}

Figure 13,

Max= 3.4 ; Mir "-.E;'

NOC—ECHWF (rb)

b
'.'I-\_'l

Moo= 3.5 Min- O£

Spatial distribution of correlation coeficient and sp atial distrib otion of RMS among NCAR, FNOC,

and EChWIF =23 level atmospheric pressure fields in August of 1991,



MCAR-FNOZ correlation

20 -
.
BT

- I P -
- . Eal— L +
i i g (TP
SR ] AL iy 8 GO = I".‘L —
\V—f‘%’ TP .

e T G0 " oy } ﬁ H‘.I
-} - qu ) c@{. >
| - =] AT RS
4 I| § AT ! “:'l'{-. I’lﬁ'\.

Max=1.00 ; Kin= 04z
EORMWEF —="ROC carqeslalioza

K

.................

Fe, ]

R LR
b A

i

Seatemnbear

Sepltermbar

MECAR—ECMWE correlal on

|
! e \ c B g et L
: ¥ oA
i o r ;
- : 4 TS '
: AL &
- i e

Maoxw=",C0 1 Min=N.95
NMCAR—FNOC =MZ f:rr:g:]

B e
10 S A S L i
VIR

T

Mox= 100 ; Hin= ".3.9:',';.
MCAR—ECKWE RMS {mz)

YMax= 2.5 ; Min= 0.9

FNOC—ZCMWE RME (m2)

aoduziiy e e S i
el Ty e b gl
= R FE T oo LA S TR :
- o l_-;‘;'s. e o J '
o .r"-m\\\{;/};}/_- L_; :
L ] T s I
......... P W R .
gw“l"/} o _:"ID .-"'-'.-HH'-. e :
\ 1 = S ﬁ-'\.. ! I'—\. "‘-\-\_::-. =
- {:t:_:,..-_,-d' ..... f".;:"" : __.-'"-‘ _\_\_\_H""\-\._H -.:
B W R s S N
] e e e AT Gik II'|I|:"- B
|L= -_; 3 II k - . e
N i e e : .i"'-- T
B .\. P PECRL || 1 kY ; i J'.J. 9
- 'H.I LT (] I‘- | i - II-\“- "‘-:H"\-

Sopiember

_...;E.‘_.:.'.I ............ B g an o i
R o o S 1=

P v it e L Qten
= Ly T B L .;.__._._.__.

(] .'rf':"\-\. ' =
R L
3 |/.-’rlﬂ-] S T B
EERTE T W B II. .\,u"ﬂ“'.h 5 '.;1....5..-‘. .';..,_....-\1:1.
1 1".. ! ='.-' e —l:-\.'- _..-.-‘I
et . L 1 -"-_.L,T‘:. 0o
. ""I:I I o~ ||":".-'\- N I i .I b

Max— 4.2 ;M

Figure 14

Max= 4.1 ; Kin= C.4

and ECMWF =ea level atmospheric pressure fizlds in September of 1991,

Spatial distribution of cormrelation coeficdient and spatial distribution of RhS among MCAR, FHOC,
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Spatial distribution of correlation coeffident and spatial distribution of RMS among HCAR, FHOC,
and ECMWWF speed of geostrophic winds in Januarny of 1231,
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and ECMWF speed of geostrophic winds in Febroary of 1991,
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Spatial distribution of carrelation coeffidient and spatial distribution of RkS among HCAR, FHOLC,
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Figure g3 lce surface buoy (International Arctic Buoyw Program) trajectaries inthe Chuichi and Beaufort Sea
in 1991 . Humbers showe buoy number atthe beginning of each frajectory. The end of the trajectory is marked by
the letter "E".
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Time series of obsarved and simulated currents at the mooring BSE. Calculated welocities are obtained using 2-0 coupled ice ocean
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Figure 1. Time series of obs erved and simulated currents at the mooring BSN. C alculated velocities are
ice—ocean model and MCAR atmospheric pressure fislds.
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Time series of observed and simulated currents at mooring BP1Z. Calculated velocities are obtained using a2-0 coupled ice—ocean
model and MCAR atmospheric pressure fields.
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surface currents (HCAR atnospheric pressure)
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Figure 90, Surface circulation and atmospheric pressure distribution inthe Chuichi Seain October
1991, Results of simulation using a3 [ barotropic model and NCAR atmospheric pressure data.
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Figure 91.

Surface circulation and atmospheric pressure distribution inthe Chukchi Seain October
1291, Results of simulation uwsing a3 [ barotropic model and F HOC atmospheric pressure data.
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Figure 9a. Surface circulation and atmospheric pressure distribution inthe Chukichi Seain Decembear

1991, Results of simulation using a2 [ barotropic model and HCAR atmospheric pressure data.
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1992, Results of simulation using a2 0D barotropic model and MCAR atmospheric pressure data.
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Figure 10G. Surface circulation and atmospheric pressure distribution in the Chuichi Seain April

1992, Results of simulation using a2 D barotropic model and F HOC atmospheric pressure data.
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Figure 1007, Surface circulation and atmospheric pressure distribution inthe Chukchi Seain April
1992, Results of simulation using a2 D barotropic model and ECWWE atmospheric pressure data.
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Figure 102, Surface circulation and atmospheric pressure distribution inthe Chukchi SeainJune

1992, Results of simulation using a2 D barotropic model and HCAR atmospheric pressure data.
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Figure 109, Surface circul ation and atmospheric pressure distribution inthe Chaochi Seain June
1992, Results of simulation using a3 [ barotropic model and FHOC atmospheric pressure data.
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Figure 110. Surface circulation and atmospheric pressure distribution inthe Chukchi SeainJune
1992, Results of simulation using a2 D barotropic model and ECWWE atmospheric pressure data.
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Figure 111. Bottom circulation and sea level (cm) distribution in the Chokchi Sea in Howvember
1921, Results of zimulation using a3 D barotropic model and MCAR atmos pheric pressure data.
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Figure 112. Bottom circulation and sea level (em) distribution inthe Chuichi Sea in Movember 1291,
RezulEe ofsimulation using a3-0 barotropic model and FNOC atmospheric pressure data.
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Figure 113. Bottom circulation and sea lewval (em) distribution inthe Chokchi Seain N ovember 1291,
Resulke ofsimulation using a3-0 barotropic model and EC MWWF atmospheric pressure data.
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Figure 114. Bottomn circulation and sea level (cm) distribution inthe Chukichi Sea in December 12991,

Resule ofsimulation using 3 3-0 barotropic model and NCAR atmospheric pressure data.
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Figure 116. Bottom circulation and sea level (cm) distribution inthe Chuichi Sea in December 1291,
Fezults of simulation using a 3-0 barotropic model and EC MWF atmospheric pressure data.
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Figure 117F. Bottomn circulation and sea level (em) distribution in the Chukchi Sea indanuany

1992, Results of simulation uw=ing a2 0 barotropic model and MCAR atmospheric pressure data.



Bottom currents (FHOC atmwosphenc pressure)
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Figure 112, Bottomn circulation and sea level (cm) distribution inthe Chuichi Sea inJdanuary 1992,
ResulEe ofsimulation using a3-0 barotropic model and FNOC atmospheric pressure data.



Bottom currents and sea level (ECMWFEF atmospheric pressure)
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Figure 119,

Month =1 Maxinwum vector = 28. cnv's

Bottom circulation and sea level (cm) distribution inthe Chucchi Sea indanuary 1292,

RezulE of simulation using a3-0 barotropic model and EC MUWF atmospheric pressure data.




B ottom currents and sea level (HCAR atmospheric pressure)
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Figure 120, Bottomn circulation and sea level (cm) distribution inthe Chukchi Sea in Februans 1992,
ResulE ofzimulation using a3 3-0 barotropic model and HCAR atmospheric pressure data.




Bottom currents (FHOC atmosphenc pressure)
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Figure 121.

Year =1992

Bottomn circulation and e a level (em) distribution inthe Chukchi Seain Februans 1992,

Month = 2

Maxinwum vector = 32. cnv's

RezulE ofzimulation using 3 3-0 barotropic model and FHOC atmospheric pressure data.
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Figure 122, Bottomn circulation and sea level (cm) distribution inthe Chukchi Sea in Februans 1992,
Result of simulation using a 3-0 barotropic model and EC WMWF atmospheric pressure data.
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Figure 123, Simulated trajectories of wuater particles releazed in the Bering Strat on October 1, 1991,
Salid, dotted, and dashed lines show fr 3jectories of paricles simulated using, respectively, FHNOC, EC hICF
and HCAR atmospheric pressure data. Trajectories of paricles mowing with suface currents areshown. B i= a3
releasing point. E, E1 and E2Z2 denote locations of particles on September 29, 1932 far the F HOC, ECWUWF and
MCAR simulations, respectivehy.
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Figure 124, Same 3 Figure 1232, for particles mowing with wertically mean currents.



BLTTOM (g50d FHGE fathesd

ECMAE 2ashed  ROEAE)

ECHYWF; doshay

= r.\, |:_\_|'|. T :I

B Taalicl e HCIERY Pl RETE L L] ) P T

AR ST [linl SHOC dulle) BN doshed — HTAR]
P e— e o
L]
i

-1% .'II T III'- |
) -_Eld_ﬁf.:__)_'_1 5 il

e ——

Figure 125. Same a= Figure 123, for particles mowving with botbom currents.



Figure 125, Simulated trajectories of water particles (mowving
with wertically aweraged water velocities) released in the Bering
Straitfor anticyclonic circulation regimes of circulation CACCR] in
the left column (for years 199461952, 1957 —1952, 19721973
and 19241228, respeactivebly’). Inthe right column the traje ctories
of parcels released in the Bering Straitin the vears of cyclonic
regime of circulation regime (CCR) are shown (12952—1955,
1953—1971, 19201983, and 19891995
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Same as Figure 125, far ice particles.

Figure 127,
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The Department of the Interior Mission

As the Nation’s principal conservation agency, the Department of the Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places;
and providing for the enjoyment of life through outdoor recreation. The Department assesses
our energy and mineral resources and works to ensure that their development is in the best
interests of all our people by encouraging stewardship and citizen participation in their care.
The Department also has a major responsibility for American Indian reservation communities
and for people who live in island territories under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service’s (MMS)
primary responsibilities are to manage the mineral resources located on the Nation’s Outer
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and
Indian lands, and distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management
Program administers the OCS competitive leasing program and oversees the safe and
environmentally sound exploration and production of our Nation’s offshore natural gas, oil and
other mineral resources. The MMS Royalty Management Program meets its responsibilities
by ensuring the efficient, timely and accurate collection and disbursement of revenue from
mineral leasing and production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principals of: (1) being
responsive to the public’s concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection.



