Chemical Results from the April 2006 NPEO Project

Water sampling procedure

The aircraft (Twin Otter) sampling approach used successfully in 2001–2005 was undertaken to occupy a transect along 170-180˚W longitude during 24-26 April 2006 (Fig. 1).  Stations in the vicinity of the Pole and at west longitudes are effectively reoccupations of previous NPEO stations from 2001 and 2004.  For details regarding the sampling approach, please refer to the 2001 chemical data report.
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Figure 1.  Locations of 2006 North Pole Environmental Observatory hydrographic stations as well as those of the 2006 Switchyard program.

Kelly Falkner and Jamie Morison carried out the fieldwork with assistance from First Air pilot Troy McKerral, co-pilot Travis Goatzinger and engineer Mike McCrae.  The Russian ice camp Borneo served as the base camp and Andy Hieberg coordinated logistics.

Generally, the casts were made through fairly smooth, snow covered ice that was 1-2 m thick.  Ice conditions are of course selected for suitability of landing the aircraft and expediency of science operations so they are not necessarily representative.  Temperatures ranged from ‑18 to ‑26 deg C and surface wind was variable but generally less than 10 knots throughout the mission.  Widespread thick cloud banks at low and high levels proved to be the major challenge of the season.  This limited aircraft operations and, in fact, on April 25, 2006 flat lighting caused us to have to land 30 miles away from Borneo and wait for clearing conditions overnight for the first time in an NPEO hydrographic mission.  The pilot and co-pilot erected the 2-person tent we had on the aircraft and slept reasonably comfortably adjacent to the aircraft.  The rest of us set up in the aircraft and managed to wait out the time.  To prevent damage by freezing, the SBE43 sensor was removed from the CTD, wrapped in cloth and kept warm with body heat in K. Falkner’s sleeping bag.  Samples which are stored in coolers for transit generally did not freeze, although a few of the O2-flasks did freeze and break.  The CTD was stored in its foam insulated wooden box; fortunately post deployment processing indicates that the conductivity cell did not suffer from the cold.

Seawater samples were obtained using the generator-powered portable winch to cast 6 Niskins at a time.  We removed the generator from the aircraft and ran it on the ice at each station as was done in 2005.  Six custom constructed Niskins (four General Oceanics model 1010 with 8" extension 1.5-L, and two General Oceanics model 1010 1.2-L all with modified plunger heads and short-handled end-caps) were mounted on a small diameter Kevlar line, with the deepest one mounted about 1 meter above an internally recording Seabird SBE19 (2373) CTD system carrying an SBE43 O2-sensor. Upon lowering the shallowest bottle to 20 m and soaking for 5 minutes, a stainless steel messenger was deployed.  Upon retrieval, each Niskin was transferred to a rack in the heated aircraft and samples were drawn immediately.  First samples were carefully drawn into 125 ml calibrated flasks and reagents added immediately to fix O2 and the flasks stoppered.  Distilled water was added around the top of the stopper and then the tops of the flasks were sealed with parafilm.  Then salinity samples were collected into 125-ml glass bottles, the caps of which were fitted with conical polyethylene inserts.  Oxygen isotope samples were collected into similar containers of smaller volume (20-ml).  Barium samples were collected into precleaned 20-ml polyethylene bottles.  Nutrient samples were collected into precleaned 60-ml polyethylene bottles and stored frozen. Samples for total alkalinity were collected into 20-ml borosilicate glass bottles fitted with conical polyethylene inserts.  Random replicates were taken for each parameter at least once for each cast.

Analytical procedures

The data are reported in Table 1 along with the standard devitation for replicate samples.  The latter are denoted by the “unc” abbreviation for uncertainty in the table and are in reasonable accord with uncertainty estimates based on longer term measurement assessments as discussed below.  Bottle salinities were analyzed at Alert using a model 8400A Guildline Autosal standardized with IAPSO standard seawater.  The very dry atmosphere at Alert resulted in measurable evaporation into the sample head space as the water was displaced into the conductivity cell, hence timely readings after the second flush were required.  Nonetheless precision for these determinations was generally excellent at about + 0.001 on the practical salinity scale.  Analyses of the frozen phosphate, silicic acid, nitrate, nitrite and ammonia samples were performed at OSU using a hybrid Alpkem RFA 300 and Technicon AA-II (AutoAnalyzer II) — based system and the JGOFS/WOCE suggested nutrient protocols (Gordon et al., 1994).  The silicic acid, nitrate plus nitrite and nitrite channels were RFA-based, the phosphate and ammonium channels, AA-II.  The samples were thawed and analyzed within 2 hours for all nutrients.  After standing 48 hr in the dark, the samples were reanalyzed for silicic acid to avoid polymerization effects (Gordon et al., 1994).  The short-term precision of the nutrient analyses is typically: Silicic acid, 0.2%; phosphate, 0.4%; nitrate 0.3%; nitrite, 0.02µM; and ammonium, 0.03µM.  However, the inter-cruise reproducibility achieved during the WOCE Hydrographic Program, Pacific One-Time Survey was for silicic acid, phosphate and nitrate, respectively, ca. 1%, 2% and 1% (unpublished data, Andrew Ross, personal communication). 

Barium was determined by isotope-dilution using an VG Thermo Excel inductively coupled quadrupole mass spectrometer as previously described with minor modifications (Falkner et al., 1994).  Precision is estimated to be 3% at the measured Ba concentrations.  Archived spiked GEOSECS samples were run to assure consistency with historical results.  Oxygen isotopes were analyzed by the CO2 equilibration method on the COAS Finnegan Mat 251 mass spectrometer.  Results are reported in del units relative to VSMOW.

For the first time during the NPEO program, total alkalinity was determined via a modified version of the Gran titration method.  The method employed differed from the rigorous one outlined in Dickson et al. (2003) in the following ways.  Due to the limited volume of the modified Niskin bottles, 15-20 mL were acquired for running total alkalinity as opposed to between 50 and 125 mL typically used.  Furthermore, samples were not poisoned with HgCl2 after collection as typically done, although the low productivity (9-57 mg C m-2 day-1, Gosselin et al., 1997) as well as the lack of CaCO3-bearing organisms in central Arctic waters (Anderson et al., 2004) suggests that sample poisoning may not be entirely necessary.  During analysis, a constant temperature bath was not employed and the HCl titrant was not mixed with NaCl to ensure constant ionic strength throughout the titration.  In addition, titrations were not carried out specifically to maximize the number of data points in the range 3.0 ≤ pH ≤ 3.5.  Linear regressions used to determine the CO2 equivalence point were based on between 4 and 10 data points only.  Contributions of  HSO4- and HF to the total hydrogen ion concentration were not considered in the processing of the data.  These differences in method contributed to a substantial uncertainity (72-165 µmol kg-1 or 3-7%) in the propagated error for individual sample runs.

Estimates of precision based on field duplicates (n=4) and numerous runs (n=23) of a bulk surface seawater sample were somewhat more encouraging, yielding values of ± 79-90 and ± 21 µmol kg-1, respectively.  As another estimate of precision, we point out that, with the exception of the North Pole station, samples from ~300 m depth ranged by 42 µmol kg-1.  An estimate of the accuracy was obtained by running a certified reference material seawater prepared by Andrew Dickson (http://andrew.ucsd.edu/co2qc/).  The reported value for the total alkalinity of this seawater is 2214.49 ± 0.44 µmol kg-1.  Numerous runs (n=13) conducted on this seawater yielded an average (± stdev) of 2212 ± 8 µmol kg-1.  The difference between the mean of deep-water samples we determined (2415 ± 15 µmol kg-1) and the endmember value defined in the literature for Atlantic water (2306 ± 10 µmol kg-1) by Anderson et al. (2004) suggests to us that our samples are affected by a blank the origin of which is unclear.  To be consistent with the published literature, we subtracted this difference (109 ± 35 µmol kg-1) from each of our samples in the data reported below. 

To put these uncertainties into persepctive we note that endmember values that have been used in the distinction of water masses in the central Arctic had standard deviations as large as 25% (Anderson et al., 2004; Yamamoto-Kawaii et al., 2005) and differ from one another by ≥ 595 µmol kg-1.  Therefore, despite non-optimal error levels, the data we report here should prove valuable for distinguishing water masses.  

The CTD properties were assigned to individual Niskin bottles by matching the bottle salinities to a linearly interpolated downcast CTD salinity nearest the target depth.  However, some samples collected at ≤ 20 m did not match CTD salinities within ± 5 m of the target depth.  In these cases, the CTD properties at the depth closest to the target depth were taken.  Samples ≤ 20 m had CTD salinities that exceeded bottle salinities by ≤ 0.02.  Such deviations exceed the precision of bottle salinities by an order of magnitude; thus, these observations result from some artifact that is difficult to explain at this time.  The bottle salinities in samples in the 60-120 m range matched CTD salinities within + 2 m of their target depths.  Those of the deepest Niskins (target 500 m), deviated substantially (> 200 m) from those at target depths.  Although this might be attributed to leakage of the Niskin, salinity matches were consistently within ± 35 m of 300 m.  Such consistency makes leaks unlikely; the bottles were probably inadvertantly hung on the Kevlar line at this alternate depth.  Hence the target depth for these samples has been changed to 300 m in the data table (and so differs from the field notes).

Results

Using the chemical data as described in Alkire et al. (2007), we have quantified the contributions of various water types at our stations.  The North Pole station mixed layer was comprised of ~50% Pacific water, whereas the mixed layer at station 89N, 90W 100% Pacific derived. However, the Pacific influence decreased markedly at 60m depth at both stations.  Stations at 85N and 86N along the 170W longitude line had 40-50% Pacific contributions in the mixed layer.  Note that station 85N also exhibited the highest Pacific influence deeper in the water column, with ≥30% at 60 and 80 m.

Two stations, located at 87N, 180 and 85N, 170W had anomalously high (>73nM) Ba concentrations at a depth ~80m.  Salinities for these two samples ranged between 33.1 and 33.4, values close to those (32.9-33.2) typically associated with winter Bering Sea Water (wBSW).  But the influence of Pacific water as indicated by N:P analysis (19-27%) and silicic acid (Si) concentrations (9-13 M) was fairly low in these samples.  The lower Pacific influences and Si concentrations imply dilution by waters from Siberian shelves.  Seasonal ice formation can produce waters of the observed salinity and temperature there (McLaughlin et al., 2004; Falkner et al., 2005).  Values of the NO/PO parameter were 0.90 and 0.92, indicating a halocline source from Barents or Laptev Seas (McLaughlin et al., 1996).  Although the utility of NO/PO has been called into question due to an extensive range of values measured in the Bering Sea (Cooper et al., 1999), these values are consistent with the presence of Siberian shelf-derived waters in the halocline.  In addition, the samples were associated with dissolved oxygen local minima, which also points to a lower halocline Chukchi-East Siberian shelf source (McLaughlin et al., 2002; McLaughlin et al., 2004; Falkner et al., 2005).

Although Eurasian river waters have a relatively high Ba endmember (~120 nM, Guay and Falkner, 1997), highest Ba concentrations observed in the central Arctic (NPEO 2000-2005) are typically limited to the surface mixed layer (20-65 m) where the influence of river water tends to be higher (15-20%).  However, it has been found that river water contributions can also be relatively high (10-15%) in deeper layers (down to 150 m) due to the mixing of river-influenced shelf waters with brine produced from ice formation in the onset of winter (Yamamoto-Kawaii et al., 2005).  A possible cause for an increase in the river water fraction at this depth might be enhanced brine rejection on Siberian shelves.  Such an occurence might come about from the larger area of open water linked to decreasing sea-ice extent and continous ice divergence caused by the prolonged positive AO state (Rigor et al., 2002).  18O analyses will be used as a check to determine the influence of river water on these samples.

In a few instances, fairly high NH4 concentrations (relative to an average of 0.07 ± 0.04 M for all other samples measured in 2006) were observed.  These occurred at stations 89N, 90W (1.74 M), 86N, 170W (0.53 M), and the North Pole (0.28 M) in the 60-80 m depth range.  These high concentrations were associated with O2 minima in the SBE43 profiles (archived separately) and so are most likely a remnant signature of conditions over the Chukchi shelf (Falkner et al., 2005).  To our knowledge this is the first time that a clear signature in the NH4 has been observed to persist in waters advected into the central Arctic Ocean.
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	Station
	Cast
	Latitude
	Longitude
	Date
	Time CTD On
	Target Depth
	Depth
	press
	In-situ T90
	Pot T90
	cond
	salinity
	density

	
	No.
	
	
	
	
	m
	m
	dbar
	degC
	degC
	S/m
	psu
	sigma-theta

	Borneo
	1
	88º 51.3'N
	168º 40'E
	24-Apr-06
	15:02
	20
	19.8
	20.1
	-1.7819
	-1.7822
	2.5588
	32.2974
	25.9833

	
	
	
	
	
	
	60
	55.5
	56.3
	-1.8196
	-1.8205
	2.6010
	32.9027
	26.4761

	
	
	
	
	
	
	80
	76.6
	77.6
	-1.7394
	-1.7409
	2.6613
	33.6382
	27.0723

	
	
	
	
	
	
	100
	91.1
	92.3
	-1.6509
	-1.6528
	2.6949
	33.9953
	27.3602

	
	
	
	
	
	
	120
	104.4
	105.8
	-1.4932
	-1.4956
	2.7241
	34.2101
	27.5301

	
	
	
	
	
	
	300
	257.0
	260.4
	0.8219
	0.8102
	2.9746
	34.8435
	27.9322

	88ºN 180º
	2
	87º 59.4'N
	179º 52.9'W
	24-Apr-06
	20:59
	60
	58.8
	59.5
	-1.7871
	-1.7881
	2.5982
	32.8251
	26.4124

	
	
	
	
	
	
	80
	78.3
	79.3
	-1.7846
	-1.7860
	2.6254
	33.1875
	26.7069

	
	
	
	
	
	
	100
	99.4
	100.7
	-1.6350
	-1.6371
	2.6865
	33.8543
	27.2451

	
	
	
	
	
	
	120
	117.0
	118.6
	-1.4507
	-1.4534
	2.7216
	34.1186
	27.4544

	
	
	
	
	
	
	300
	271.2
	274.8
	0.9120
	0.8995
	2.9831
	34.8442
	27.9269

	87ºN 180º
	3
	86º 55.8'N
	179º 44.2'W
	25-Apr-06
	0:52
	20
	20.3
	20.5
	-1.7478
	-1.7481
	2.5151
	31.6553
	25.4607

	
	
	
	
	
	
	60
	59.4
	60.2
	-1.7390
	-1.7400
	2.5717
	32.4050
	26.0698

	
	
	
	
	
	
	80
	78.9
	80.0
	-1.7117
	-1.7132
	2.6299
	33.1681
	26.6894

	
	
	
	
	
	
	100
	99.5
	100.8
	-1.5953
	-1.5974
	2.6903
	33.8625
	27.2507

	
	
	
	
	
	
	120
	118.4
	120.0
	-1.4420
	-1.4447
	2.7243
	34.1453
	27.4759

	
	
	
	
	
	
	300
	265.8
	269.3
	0.9175
	0.9052
	2.9834
	34.8447
	27.9270

	86ºN 170ºW
	4
	85º 57.9'N
	169º 56.6'W
	25-Apr-06
	20:50
	20
	20.3
	20.5
	-1.7287
	-1.7290
	2.4912
	31.3047
	25.1755

	
	
	
	
	
	
	60
	60.3
	61.1
	-1.6834
	-1.6844
	2.5759
	32.4018
	26.0660

	
	
	
	
	
	
	80
	80.5
	81.6
	-1.7145
	-1.7160
	2.6176
	33.0008
	26.5535

	
	
	
	
	
	
	100
	99.6
	100.9
	-1.6283
	-1.6303
	2.6806
	33.7651
	27.1725

	
	
	
	
	
	
	120
	118.0
	119.5
	-1.5000
	-1.5026
	2.7151
	34.0852
	27.4289

	
	
	
	
	
	
	300
	287.2
	291.0
	0.8451
	0.8319
	2.9774
	34.8355
	27.9243


	
	
	
	
	
	
	
	CTD Data
	
	
	
	
	
	

	Station
	Cast
	Latitude
	Longitude
	Date
	Time CTD On
	Target Depth
	Depth
	press
	In-situ T90
	Pot T90
	cond
	salinity
	density

	
	No.
	
	
	
	
	m
	m
	dbar
	degC
	degC
	S/m
	psu
	sigma-theta

	85ºN 170ºW
	5
	84º 58.8'N
	169º 45.5'W
	26-Apr-07
	0:22
	20
	20.4
	20.6
	-1.6728
	-1.6731
	2.4411
	30.5567
	24.5670

	
	
	
	
	
	
	60
	59.9
	60.7
	-1.6636
	-1.6646
	2.5711
	32.3135
	25.9939

	
	
	
	
	
	
	80
	80.3
	81.4
	-1.6158
	-1.6174
	2.6535
	33.3880
	26.8657

	
	
	
	
	
	
	100
	100.2
	101.6
	-1.5483
	-1.5505
	2.7001
	33.9434
	27.3151

	
	
	
	
	
	
	300
	297.0
	300.9
	0.9313
	0.9175
	2.9860
	34.8445
	27.9260

	North Pole
	6
	89º 58.6'N
	170º 09.5'W
	26-Apr-06
	18:21
	20
	20.1
	20.3
	-1.7769
	-1.7772
	2.5471
	32.1298
	25.8469

	
	
	
	
	
	
	60
	59.1
	59.8
	-1.8046
	-1.8056
	2.5996
	32.8636
	26.4440

	
	
	
	
	
	
	80
	78.7
	79.8
	-1.7852
	-1.7866
	2.6302
	33.2553
	26.7621

	
	
	
	
	
	
	100
	99.5
	100.8
	-1.6405
	-1.6425
	2.6846
	33.8340
	27.2288

	
	
	
	
	
	
	120
	118.3
	119.8
	-1.4972
	-1.4999
	2.7185
	34.1281
	27.4636

	
	
	
	
	
	
	300
	291.0
	294.8
	1.0556
	1.0417
	2.9970
	34.8510
	27.9230

	89ºN 90ºW
	7
	89ºN
	88º 24.3'W
	26-Apr-06
	22:22
	20
	20.4
	20.6
	-1.6958
	-1.6961
	2.4576
	30.8078
	24.7713

	
	
	
	
	
	
	60
	58.9
	59.7
	-1.7853
	-1.7863
	2.6005
	32.8546
	26.4363

	
	
	
	
	
	
	80
	79.4
	80.4
	-1.6576
	-1.6592
	2.6666
	33.6177
	27.0535

	
	
	
	
	
	
	100
	98.7
	100.0
	-1.5108
	-1.5130
	2.7108
	34.0506
	27.4010

	
	
	
	
	
	
	120
	119.0
	120.6
	-1.0391
	-1.0423
	2.7649
	34.2422
	27.5408

	
	
	
	
	
	
	300
	269.4
	272.9
	0.9348
	0.9223
	2.9850
	34.8439
	27.9252


	
	
	Bottle Data
	
	
	
	
	
	
	
	

	Station
	Target Depth
	Sal (PSS78)
	unc Sal (PSS78)
	Ba
	18O
	unc 18O
	PO4
	unc PO4
	NO3+NO2
	unc NO3+NO2

	
	m
	psu
	psu
	nM
	SMOW
	SMOW
	M
	M
	M
	M

	Borneo
	20
	32.2789
	
	54.8
	-2.70
	
	0.42
	
	2.52
	

	
	60
	32.9027
	
	51.6
	-1.90
	0.12
	0.48
	
	3.70
	

	
	80
	33.6382
	
	51.3
	-0.56
	
	0.68
	0.01
	7.46
	0.01

	
	100
	33.9953
	
	50.7
	-0.24
	
	0.68
	
	8.34
	

	
	120
	34.2101
	
	43.7
	-0.25
	
	0.71
	
	9.06
	

	
	300
	34.8435
	
	42.2
	0.39
	
	0.82
	
	11.94
	

	
	
	
	
	
	
	
	
	
	
	

	88ºN 180º
	60
	32.8251
	
	
	-2.10
	
	0.45
	0.01
	3.10
	0.02

	
	80
	33.1875
	
	52.9
	-1.81
	
	0.53
	
	4.29
	

	
	100
	33.8543
	
	47.2
	-0.57
	0.04
	0.69
	
	7.51
	

	
	120
	34.1186
	
	43.5
	0.33
	
	0.46
	
	5.87
	

	
	300
	34.8442
	0.0008
	41.6
	0.39
	
	0.83
	
	12.04
	

	
	
	
	
	
	
	
	
	
	
	

	87ºN 180º
	20
	31.6429
	
	57.9
	-3.20
	0.20
	0.49
	
	2.49
	

	
	60
	32.4050
	
	54.9
	-2.39
	0.07
	0.62
	
	4.25
	

	
	80
	33.1681
	
	73.7
	-1.52
	
	0.69
	
	6.44
	

	
	100
	33.8625
	
	60.6
	-0.10
	
	0.69
	0.01
	8.10
	0.10

	
	120
	34.1453
	0.0001
	44.8
	-0.32
	0.11
	0.69
	
	8.69
	

	
	300
	34.8447
	
	41.7
	0.34
	0.01
	0.86
	
	12.65
	

	
	
	
	
	
	
	
	
	
	
	

	86ºN 170ºW
	20
	31.2907
	
	59.6
	-2.85
	
	0.56
	0.03
	1.62
	0.10

	
	60
	32.4018
	
	55.9
	-2.14
	
	0.47
	
	2.73
	

	
	80
	33.0008
	0.0002
	
	-1.61
	
	0.72
	
	5.70
	

	
	100
	33.7651
	
	48.0
	-0.50
	
	0.71
	
	7.70
	

	
	120
	34.0852
	
	44.9
	-0.41
	
	0.63
	
	7.31
	

	
	300
	34.8355
	
	42.2
	0.24
	0.02
	0.84
	
	11.60
	

	
	
	
	
	
	
	
	
	
	
	

	85ºN 170ºW
	20
	30.5502
	
	62.3
	-3.77
	0.13
	0.60
	
	1.04
	

	
	60
	32.3135
	
	54.6
	-2.29
	
	0.80
	
	4.78
	

	
	80
	33.3880
	
	74.2
	-1.22
	
	0.86
	
	8.20
	

	
	100
	33.9434
	
	61.9
	-0.68
	0.09
	0.75
	
	8.20
	

	
	300
	34.8445
	
	42.5
	0.26
	
	0.87
	
	11.84
	

	
	
	
	
	
	
	
	
	
	
	

	North Pole
	20
	32.1094
	
	57.6
	-2.96
	
	0.62
	
	2.10
	

	
	60
	32.8636
	
	52.1
	-2.17
	0.03
	0.49
	
	4.07
	

	
	80
	33.2553
	
	62.2
	-1.87
	0.04
	0.53
	
	4.30
	

	
	100
	33.8340
	
	52.4
	-0.85
	
	0.69
	
	7.30
	

	
	120
	34.1281
	
	45.0
	-0.37
	0.03
	0.64
	0.03
	7.61
	0.07

	
	300
	34.8510
	0.0001
	42.7
	0.27
	
	0.79
	
	11.41
	

	
	
	
	
	
	
	
	
	
	
	

	89ºN 90ºW
	20
	30.8093
	
	61.5
	-3.33
	0.03
	0.92
	
	1.16
	

	
	60
	32.8546
	
	
	-2.21
	
	0.53
	0.00
	3.51
	0.16

	
	80
	33.6177
	
	54.0
	-0.97
	
	0.92
	
	6.58
	

	
	100
	34.0506
	
	45.9
	-0.45
	
	0.67
	
	8.36
	

	
	120
	34.2422
	0.0006
	43.6
	-0.15
	
	0.67
	
	9.04
	

	
	300
	34.8439
	
	42.1
	0.20
	0.03
	0.83
	
	11.97
	


	
	
	
	
	Bottle Data
	
	
	
	
	

	Station
	Target Depth
	NO2
	unc NO2
	NH4
	unc NH4
	Si
	unc Si
	TA
	unc TA

	
	m
	M
	M
	M
	M
	M
	M
	mol/kg
	mol/kg

	Borneo
	20
	0.04
	
	0.07
	
	5.05
	
	2270
	

	
	60
	0.03
	
	0.07
	
	4.70
	
	2259
	

	
	80
	0.02
	0.00
	0.11
	0.06
	7.06
	0.01
	2267
	

	
	100
	0.05
	
	0.05
	
	7.07
	
	2288
	

	
	120
	0.03
	
	0.01
	
	6.18
	
	2279
	

	
	300
	0.06
	
	0.08
	
	7.00
	
	2302
	

	
	
	
	
	
	
	
	
	
	

	88ºN 180º
	60
	0.07
	0.02
	0.04
	0.01
	4.37
	0.14
	2265
	

	
	80
	0.06
	
	0.10
	
	6.56
	
	2289
	

	
	100
	0.05
	
	0.05
	
	6.21
	
	2277
	

	
	120
	0.08
	
	0.08
	
	3.77
	
	2263
	

	
	300
	0.07
	
	0.05
	
	7.58
	
	2314
	

	
	
	
	
	
	
	
	
	
	

	87ºN 180º
	20
	0.04
	
	0.07
	
	7.76
	
	2254
	

	
	60
	0.03
	
	0.08
	
	7.96
	
	2232
	

	
	80
	0.03
	
	0.09
	
	8.88
	
	2217
	

	
	100
	0.01
	0.00
	0.09
	0.09
	6.87
	0.08
	2221
	

	
	120
	0.04
	
	0.08
	
	6.13
	
	2264
	

	
	300
	0.03
	
	0.02
	
	6.96
	
	2295
	81

	
	
	
	
	
	
	
	
	
	

	86ºN 170ºW
	20
	0.03
	0.02
	0.05
	0.01
	6.60
	0.05
	2188
	

	
	60
	0.04
	
	0.53
	
	5.36
	
	2253
	

	
	80
	0.03
	
	0.08
	
	8.69
	
	2273
	

	
	100
	0.03
	
	0.05
	
	7.58
	
	2268
	

	
	120
	0.02
	
	0.18
	
	6.84
	
	2273
	88

	
	300
	0.04
	
	0.03
	
	6.28
	
	2283
	

	
	
	
	
	
	
	
	
	
	

	85ºN 170ºW
	20
	0.09
	
	0.04
	
	7.43
	
	2204
	

	
	60
	0.05
	
	0.07
	
	10.87
	
	2237
	79

	
	80
	0.05
	
	0.11
	
	12.49
	
	2283
	

	
	100
	0.02
	
	0.11
	
	8.40
	
	2278
	

	
	300
	0.03
	
	0.04
	
	7.30
	
	2314
	

	
	
	
	
	
	
	
	
	
	

	North Pole
	20
	0.06
	
	0.06
	
	6.75
	
	2234
	

	
	60
	0.05
	
	0.28
	
	4.85
	
	2256
	

	
	80
	0.03
	
	0.12
	
	5.11
	
	2277
	88

	
	100
	0.04
	
	0.20
	
	6.63
	
	2280
	

	
	120
	0.06
	0.00
	0.04
	0.02
	5.12
	0.07
	2302
	

	
	300
	0.06
	
	0.02
	
	5.51
	
	2354
	

	
	
	
	
	
	
	
	
	
	

	89ºN 90ºW
	20
	0.03
	
	0.06
	
	7.88
	
	2100
	

	
	60
	0.01
	0.00
	0.04
	0.06
	5.09
	0.01
	2278
	

	
	80
	0.03
	
	1.74
	
	7.30
	
	2296
	

	
	100
	0.00
	
	0.06
	
	6.32
	
	2275
	

	
	120
	0.04
	
	0.03
	
	6.16
	
	2242
	

	
	300
	0.05
	
	0.09
	
	7.90
	
	2325
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