Summary

The program for systematic collection of Antarctic iceberg data was initiated in 1981 following an endorsement by the Scientific Committee on Antarctic Research (SCAR). Iceberg observations are recorded by most ships cruising Antarctic waters and the data set is adminstered by the Norwegian Polar Institute. In 1996, after 15 years of observations,  the iceberg data set has been updated and included in a Microsoft Access database. The database  now counts more than 220 000 icebergs from 18 000 individual observations. Of these, 180 000 icebergs have been classified by size into 5 different length categories.   After 15 years of observations nearly the entire ocean around Antarctica has been thoroughly mapped and the data set now allows conclusive assessments of the spatial distribution of icebergs in the region. The data set will also form an important basis for a more accurate estimation of Antarctic iceberg calving rate which is an important parameter in the mass balance of Antarctica. 

The data shows that the icebergs in general follow the westerly directed coastal current to certain “exit zones” where they are transported northward until they reach the easterly directed circum-Antarctic circulation system. The main transport of ice away from the continent is concentrated within four main exit zones located around 150W-165E, 90E, 15-60W and 150W.  

Introduction

A program for systematic collection of Antarctic iceberg data was initiated in 1981 by the Norwegian Polar Institute. The initiative was motivated by the  lack of information of the spatial and temporal distribution of icebergs in Antarctic waters and  was endorsed by the Scientific Committee on Antarctic Research (SCAR) by the working group on glaciology. The program quickly gained support from all SCAR nations and allready during the season 82/83 most ships going to Antarctica carried what has been known as the “blue forms” on which iceberg observations are recorded. Later, the number of ships contributing to the data set increased further and reached a maximum in 1987/88 when data was recorded by more than 20 cruises. During the first half of the 90’s the number of contributing ships has been reduces somewhat. The Norwegian Polar Institute anticipates that this trend will be reversed after a major update of the database during the last year. 

The iceberg database provides usefull information both for ship traffic and for climatic research purposes, in particular for estimation of the Antarctic iceberg calving rate which is a large unknown factor in the ice mass budget for the continent.

In 1996, after 15 years of systematic iceberg observations, the iceberg data has been transfered to a PC database and updated by including all recorded observations to date. The dataset now counts more than 220 000 icebergs of which 180 000 have been classified by size. This report presents information derived from the updated dataset, with focus on the distribution and the density of icebergs around Antarctica, and the iceberg size distribution. 




Description of collected data

Iceberg observations are recorded on standard blue forms provided by the Norwegian Polar Institute.  Ships are requested to start collecting data well before entering areas where icebergs can be expected. Observations are recorded every six hours to avoid overlapping observations and is stopped whenever the ship is at the same location for longer periods. Recordings include total number of icebergs and number of icebergs within 5 size categories. The length classes used are:

· 10 - 50 m
· 50-200 m
· 200-500 m
· 500-1000 m
· > 1000 m

The icebergs in the largest size category are described individually by length, width and freeboard. In some cases only a rough estimate of number is given when a large amount of icebergs is present in the smallest category. Additionally the observer notes ship position, time of observations, ice concentration and information on whether the observations were done visually or by radar. 


Data quality control

Data has been controlled in order to eliminate possible observer errors, duplicate observations or systematic errors. These controls were performed in the spreadsheet before importing the data into the database. It is believed that most mistypings have been eliminated through the various quality controls. 

The ship tracks were plotted based on the recorded observation positions. The tracks were checked for potential illogical parts caused by mistyping or wrongly recorded position or time. For the same purpose the ship speeds along the routes were  plotted. Whenever an unrealistic value was encountered the observation was controlled and any mistypings replaced or deleted if no logical explanation could be found. 

It was contolled that the total number of icebergs recorded agreed with the sum of icebergs in each size category. Whenever this was not the case it was assumed that the number in the individual classes was correct and the sum was changed accordingly. 

Observations with a high number of icebergs in the largest size categories were controlled. The observations were changed if evidence existed that the number was placed in the wrong size category.  
   
The 6 hour interval between observations is chosen to avoid overlapping  observations. For control, the distance between adjacent observations were plotted and observations with substantially overlapping  areas were deleted.  Usually, however, observations at a distance equal to the view radius were accepted.  Ideally, if icebergs are evenly distributed, overlapping observations will not affect the statistics.

Icebergs in the largest size category account for the largest volume of icebergs in Antarctica even if the frequency of such bergs is low. All observations within this largest category were controlled in detail in order to avoid any duplicate observations within individual cruises. This was done by plotting all large icebergs along the ship track and controlling the recorded dimensions. We believe that most duplicate observations of large bergs have been eliminated.

Any observations outside what was assumed to be realistic ranges were controlled. Iceberg freeboard is not likely to exceed 45 m for tabular icebergs.  

The iceberg database

The iceberg data is stored in a Microsoft Access database. Microsoft Access is a  relational database management system  for Windows that is a part of the Microsoft Office package. This database was chosen since it offers easy methods for organizing and analyzing data, and opportunities to convert and export data to formats suitable for most other database management systems. Table 1 below lists the format and ranges of the data included in the main data table in the database.


	Field name
	Data type
	Field size
	Range

	cruise-ID
	number
	double
	

	vessel name
	text
	50
	

	date 
	date/time
	
	yy.mm.dd

	time
	number
	integer
	0-2400

	latdeg
	number 
	byte
	0-90

	latmin
	number
	byte
	0-60

	N/S
	text
	10
	N, S

	longdeg
	number
	byte
	0-180

	longmin
	number
	byte
	0-60

	E/W
	text
	10
	E,W

	ice conc
	number
	byte
	0-10

	R/V
	text
	10
	R,V,RV,VR

	total
	number
	integer
	

	no10-50
	number
	integer
	

	no50-200
	number
	integer
	

	no200-500
	number
	integer
	

	no500-1000
	number
	byte
	

	no>1000
	number
	byte
	

	freeboard
	number
	byte
	

	length
	number
	long integer
	

	width
	number
	long integer
	

	dim taken as average
	text
	10
	Y,N

	view radius
	number
	byte
	1-10

	comments
	text
	255
	





Cruise-ID is on the format 9596xx where the first 4 digits give the season and xx is a running number. 959601 is for example cruise no 1 in the season 95/96. The field “dim as average “ defines whether the dimensions recorded for icebergs larger than 1000 m should be used as average in calculations. This is only relevant in cases when more than 1 berg is recorded in the > 1000 column. If “N” is given a conservative estimate will be given for the latter bergs. View radius is given in nautical miles. The view radius is taken from the information on radar range, visibility or derived from the altitude of the viewing platform.

Status of the NP iceberg database

The program for systematic iceberg observations in Antarctica was started in 1981 and the database now contains 15 years of iceberg data . Table 2 lists the number of participating cruises and number of individual observations and observed icebergs per season since the start in 1981. The number of ships contributing to the data collection increased rapidly after the start in 1981 and reached a maximum in 87/88. Later the number of cruises has been reduced somewhat. The database now counts close to 230 000 icebergs of which 181 000 are classified by size. The table shows that the average number of icebergs per observation for most years has stayed relatively constant in the range 10-15. 

	season
	cruises
	observations
	observed icebergs
	classified icebergs
	icebergs per obs.

	<81/82
	8
	422
	4278
	1950
	10.1

	81/82
	9
	473
	3982
	3245
	8.4

	82/83
	18
	797
	11838
	8786
	14,9

	83/84
	18
	2281
	31594
	24665
	13,9

	84/85
	18
	1979
	22859
	15943
	11,6

	85/86
	14
	1188
	13523
	11339
	11,4

	86/87
	11
	1386
	24161
	22451
	17,4

	87/88
	24
	2043
	26514
	20966
	13,0

	88/89
	22
	1610
	17059
	12073
	10,6

	89/90
	11
	769
	9961
	9385
	13

	90/91
	11
	986
	8431
	7744
	8,6

	91/92
	7
	763
	8110
	7448
	10,6

	92/93
	17
	1612
	12310
	9079
	7,6

	93/94
	7
	618
	10159
	4730
	16,4

	94/95
	6
	884
	10312
	8898
	11,7

	95/96
	7
	537
	13817
	12599
	25,7
	
	
	
	

	All years
	208
	18534
	228918
	181310
	12,4



Figure 1 shows the ship positions for all observations to date(not iceberg positions). Each point represents an average of 12.4 icebergs. Most of the area around Antarctica is now relatively well covered by observations. However, the northern Weddell Sea and the Indian Ocean are especially well covered while the Amundsen sea and the Bellinghausen sea have a lower density of observations.  It is obvious that the obervation reflect the fact that most ships use harbours in South Africa, Argentina/Chile and Australia as their starting points. 

For analysis the data has been divided into grid boxes of dimensions 2 degrees latitude and 5 degrees longitude. Figure 2 shows the number of observations associated with each gridox. On  the average the database contains 26 observations per gridbox. For some of the northermost gridboxes the number of observations is low giving rise to some unexpected iceberg density values in these areas.  Close to the continent only a few cells in the Ross sea and the Weddell sea are uncovered by observations. This is due to very heavy ice conditions in these areas preventing any ships from traversing.




Iceberg distribution in Antarctica 

The iceberg observations have been grouped into gridcells with dimensions 2 degrees latitude and 5 degrees longitude. For each observation iceberg density has been computed as the total volume of icebergs observed divides by the ocean area monitored by the observer. View radius and visibilty has in many cases been reported on the blue forms. In cases where visibilty were not reported the view radius was assumed to be given by the formula :




In rare cases neither the ship elevation or the visibility were reported. In such cases a visibility range of 12 nm was assumed. When oibservations were done by radar the commonly used radar range of 12 nm was assumed unless otherwise reported . The choise of 12 nm is based on a study performed by Peter wadhams (reference) that confirms that the ability to observe icebergs fall rapidly off after this distance. The average view radius of all observations is 11.88 nm indicating that 12 nm is a good choise as a default value for view radius. 

Figure 3-5 show the iceberg density for the entire area for all icebergs, and for icebergs smaller and larger that 1000 m. It appears that icebergs smaller than the largest category are distributed evenly and that the density decreses gradually away from the coast while the largest sized icebergs are show a more scattered distribution. This is expected from the much larger population of small icebergs leading to a more uniform disribution.  

Figure 6 shows the average number of icebergs for all observation irrespectively of  view radius. This is the number of icebergs one can expect to observe from the bridge of a ship at any location around the continent. 

Figure 7 and 8 show the average iceberg dimensions for each cell. In Figure 7  all icebergs are given equal weight and therefore shows the most probable dimension of any iceberg in the area. In Figure 8 each iceberg is assigned a weigt in the average  according to it’s  volume. 

Figures 9-15 gives iceberg density for each of the 5 size categories in number per km2. These plots also shows a more scattered distribution for the larger bergs than for the smallest categories.

In the regions farthest away from the continent some unexpectedly  high iceberg densities can be observed. This can in most cases be ascribed a small number of observations but may also be due to shallow ocean areas where grounding of icebergs occure. Observers tend to stop logging data as soon as the last iceberg is observed causing poor coverage in the outer regions. 


In general the iceberg distribution show a good correspondence with the general ocean circulation in the area as illustrated in figure 15. The coverage indicates that icebergs follow the westerly directed coastal current to a number of exit points where they are transported north away from the continent until they join easterly directed circum Antarctic ocean circulation pattern. This is especially pronounced along dronning maud land and Enderby land where the icebergs mainly are concentrated within a belt extending 100 - 150 nm northward from where they are transported all along the coast to be transported northward by the Weddel Sea gyre. Another striking pattern is the belt of high iceberg concentration that extends from the nothern tip of the peninsula and directy easatward along the 60 S meridian. 

Other exit points are located around 90E and in the Ross sea between 150W and 165E. 

Table .. shows the average iceberg size distribution for the 15 seasons that data have been collected. 

	
	Size distibution by volume
	Size distribution by number

	Season
	10-50 
	50-200
	200-500 
	500-1000 
	> 1000 
	10-50 
	50-200 
	200-500 
	500-1000 
	> 1000 

	<81/82
	0.0
	0.1
	0.6
	2.0
	97.8
	49.7
	32.2
	9.2
	5.2
	3.7

	81/82
	0.0
	0.3
	3.4
	4.7
	91.6
	37.2
	36.5
	20.4
	4.5
	1.4

	82/83
	0.0
	1.1
	16.0
	38.2
	45.7
	29.2
	32.0
	25.3
	9.7
	3.8

	83/84
	0.0
	0.9
	11.8
	37.9
	51.2
	34.4
	30.6
	20.7
	10.6
	3.6

	84/85
	0.0
	1.0
	10.9
	22.7
	65.3
	35.7
	35.8
	20.3
	6.7
	1.5

	85/86
	0.0
	1.3
	14.3
	33.8
	50.6
	38.9
	32.3
	19.0
	7.2
	2.6

	86/87
	0.0
	0.4
	4.0
	10.2
	85.3
	38.5
	33.8
	18.1
	7.3
	2.2

	87/88
	0.0
	1.2
	11.7
	31.0
	56.1
	39.0
	34.1
	17.6
	7.4
	1.9

	88/89
	0.0
	1.2
	15.3
	33.1
	54.6
	25.3
	36.7
	25.9
	9.0
	3.0

	89/90
	0.0
	0.8
	6.9
	15.7
	76.6
	37.7
	36.8
	17.2
	6.2
	2.1

	90/91
	0.0
	1.2
	13.0
	34.8
	50.9
	30.9
	35.6
	20.8
	8.9
	3.8

	91/92
	0.0
	0.1
	0.9
	2.5
	96.7
	32.8
	35.5
	20.6
	8.9
	2.2

	92/93
	0.0
	1.7
	19.9
	38.6
	40.7
	28.4
	38.5
	23.4
	7.3
	2.4

	93/94
	0.0
	1.7
	18.2
	45.7
	34.4
	35.1
	34.5
	20.3
	8.1
	2.1

	94/95
	0.0
	0.8
	10.6
	35.4
	53.2
	26.0
	32.2
	24.4
	12.9
	4.4

	95/96
	0.1
	2.0
	11.9
	25.9
	60.2
	54.5
	31.2
	10.0
	3.4
	0.9

	All years
	0.0 
	1.0
	10.3
	25.5
	63.2
	35.8
	34.3
	19.6
	7.7
	2.6


 














     



Additionally, all cruise vessels travelling the area have now accepted to carry the blue forms. These vessels represent a potentislly large  source of information and a possibility to increase the amount of data in areas that traditionally rarly are visited by reseacr vessels. 


