


SCIENCE AND PUBLIC POLICY: ARCHIMEDES WAS NO IDIOT 
The 1984 Arctic Science Conference-also known 

as the 35th Alaska Science Conference-now has 
joined its 34 predecessors in history. This one, 
though easily as packed with information and specu
lation as any of the earlier Conferences, promised to 
fade more swiftly: the Arctic Division of the Ameri
can Association for the Advancement of Science 
decided that neither its budget nor its membership 
would be well served by publishing a Conference 
Proceedings. 

Well, we could see their point. Conference papers 
often have an ephemeral quality, like scholarly may
flies-they are reports of work in progress, of imme

diate concerns or of newly identified (or rediscovered) 
needs for further research. That's not the sort ofthing that makes 
for a long-lived book, because much of it would be out of date 
before the book could be printed. 

However, it's different for a magazine. Even on our erratic 
schedule, we can get things published before they are outdated. 
And though The Northern Engineer is not exactly carved in stone, 
an article appearing here is likely to last a little longer-and reach 
a little farther -than is a paper read once to a few tens of people. 

Furthermore, the theme of this conference got into some very 
tough intellectual terrain, and it's country that needs to be tra
versed -the relationship of science and public policy. (The Con
ference logo, shown left above and on the facing page, attempts 
to convey some of the complex elements involved in this relation
ship.) In this last quarter of the twentieth century, science and 
public policy are uncomfortably but inextricably tied together, 
and nowhere more so than in the north. Consider the plight of 
policy makers at the level of a local planning commission, for ex
ample, confronted by a developer's request to build a subdivision. 
They must consider not only utilities connections and traffic 
patterns, neighborhood values, and competing uses, but also such 
things as local meteorology (how much carbon monoxide from 
how many cars starting at -40°?) and soil conditions (permafrost? 
frost heaving? landslip in case of earthquake?). People in such 
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positions of responsibility would love to have an irrefutable fact 
or two upon which to rely, and they can feel only frustration at 
being told, "Our best estimate is ... but of course, more research 
is needed." And the technical experts to whom they turn are 
themselves aggravated at being asked for inappropriate certainty 
on the one hand and being apparently ignored on the other. 

Thus we think The Northern Engineer is a suitable outlet for 
some of the Conference papers. Public policy affects the work of 
scientists and engineers pervasively, and their work reaches back 
-swiftly, in this era-into the realms of policy making. There
fore our next issue will concentrate on one of the symposia from 
the Science Conference, "Earthquake Hazard Reduction: Public 
Policy and Private Needs." This current issue contains a section 
presenting some of the material given at another of the Confer
ence symposia, "Science and Public Policy in Alaska" (begins on 
page 22). Despite the geographically narrow title, the authors 
were pursuing wider premises; the specifics of their papers can 
be taken as examples illustrating questions of interest to readers 
elsewhere in the north. The specifics will become outdated, but 
the premises won't. Delineating the proper relationship between 
"science" and "public policy" will continue to cause controversy 
as long as those terms have meaning in any language, just as it has 
since classical times; surely it was a problem for Archimedes back 
when he was just about the only scientist in the western world. 

But, given the Greek perspective, Archimedes would have 
confronted the problem. For the Greeks had a particular word 
that they applied to an utterly private citizen, an individual de
liberately uninvolved in the policy decisions affecting his state. 
The term has come down through the ages in its original form 
and with at least some of its connotations intact. The word is 
"idiot." -Editor 
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Dinkum Sands: Cartography and Controversy 
by Louis De Vorsey, Jr. 
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INTRODUCTION 

Dinkum Sands, a 
tiny feature in the Beau
fort Sea shallows just off 
Prudhoe Bay, is at the center 
of a major dispute between the 
State of Alaska and the government 
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Supreme Court to try the case known as United • 
States versus State of Alaska (U.S. Supreme Court "'• ,. ,.. 2J .. ., 

Original No. 84) heard extensive arguments concerning 
the status and nature of Dinkum Sands. The United States took 
the position "that the Dinkum Sands formation is not an island 
... but is, at best, a low-tide elevation." The State of Alaska, on 
the other hand, argued that Dinkum Sands was an island forming 
part of Alaska's coastline and that the state was "entitled to the 
resources of the Dinkum Sands formation and the submerged 
lands within a three-mile radius.'' 1 

This dispute first developed in 1979 while Alaska and the U.S. 
Department of the Interior were preparing a joint lease sale of 

Bay. The approved leasing maps showed that the submerged lands 
within 3 miles of Dinkum Sands, depicted as an island, belonged 
to Alaska. This depiction disagreed with the observations of Erk 
Reimnitz, a U.S. Geological Survey scientist with considerable 
field experience in the area. He protested to Outer Continental 

Louis De Vorsey, Jr., holds a B.A. degree in Social Studies and Geography (Montclair State College), an M.A. in Geography (Indi
ana University), and a Ph.D. in Historical Geography from the University of London. He joined the faculty of the University of 
Georgia in 1967 and for the past 15 years has served as an expert witness in several U.S. Supreme Court original actions involving 
boundary and territorial disputes. This article grew out of his research and testimony for the United States in the current case, United 
States v. State of Alaska (U.S. Supreme Court Original No. 84). 
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Left, the first cartographic depiction of Dinkum Sands, from the U.S. Coast and Geodetic Sur· 
vey smooth sheet for Hydrographic Survey No. 7761, showing depths in the Cross Islands-McClure 
Islands entrance area in 1949·1950. Above, an enlarged portion of the smooth sheet showing 
Dinkum Sands. 

Shelf leasing office administrators that Dinkum Sands was not an 
island and that the 3-mile belt of seabed around it belonged to the 
United States rather than to Alaska. Reimnitz's letter of May 8, 
1979, reporting his observations and opinion concerning the true 
status of Dinkum Sands, caused a shift in the United States' posi
tion in the joint lease agreement and precipitated the dispute. 2 

SIGNIFICANCE 

To understand why state and federal authorities were willing 
to spend hundreds of thousands of dollars to litigate the appar
ently simple question of whether Dinkum Sands is an island, it 
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is necessary to be aware of the legal significance of islands near 
our national coastline. Generally speaking, questions concerning 
coastal-state control of seabed resources are governed by the 
1953 Submerged Lands Act. In deciding cases involving disputes 
growing out of the terms of that law, the U.S. Supreme Court 
has employed definitions and principles articulated in the United 
Nations' "Convention on the Territorial Sea and the Contiguous 
Zone." Under the terms of that convention, an island is "a 
naturally formed area of land, surrounded by water, which is 
above water at high tide." A low-tide elevation, the most gener
ous status that the United States acknowledges for Dinkum 
Sands, is a naturally formed area of land which is above water at 

5 



low tide but submerged at high tide. Most significant is the fact 
that, according to the convention, islands are surrounded by a 
belt of territorial sea while low-tide elevations are not. Thus, if 
tiny Dinkum Sands is ruled to be an island it will generate a 3-
mile-wide belt around it that belongs to Alaska. The state 
would then control the oil and gas drilling lease revenues, which 
were earlier estimated to be worth a possible $2 billion! If, on 
the other hand, the Dinkum feature is merely a periodic sand 
bar or low-tide elevation, the United States would reap the lease 
bonanza. 

As is normal in such litigations, attorneys for the state and 
federal governments each presented teams of expert witnesses 
drawn from a number of academic and practical fields of exper
tise. As a historical geographer with extensive experience in 
boundary disputes, both on land and at sea, I was among the ex
perts called on by the United States. The State of Alaska called 
on no geographers in presenting its case. 

After preliminary briefings and discussion of the issues in
volved, I proposed the collection and analysis of historical de· 
scriptions, surveys, and maps of the coastal sea in the vicinity of 
Dinkum Sands. Part of the results of that effort are presented 
as Table 1; the entire summary was far more extensive than could 
be reproduced here. The specific goal was to find descriptions of 
Dinkum Sands as a "Geographic Feature," that is, subaerial 
rather than submarine in nature. Some three dozen maps, dating 
from the early 19th century when the Beaufort Sea coast was 
still terrae incognitae to the present era, were identified as repre
sentative of the region's cartographic coverage through time. Be
cause Dinkum Sands was minuscule and unnamed until 1949, 
the whole belt of water between Cross Island and the McClure 
Islands was included in the search and analysis. 

HISTORY OF DINKUM SANDS 

As one studies the "Cartographic Analysis Summary" (Table 
1). it quickly becomes clear that the North Slope area of Alaska 
was poorly mapped until well into the present century. This is 

not hard to understand in view of the region's remoteness and 
forbidding environment. Captain C. H. Stockton, who command
ed the 1889 USS Thetis expedition in the area, remarked on 
the fact that there were no permanent settlements of any sort 
between Point Barrow and Herschel Island. He described the 
North Slope as, "sterile, affording but little upon which to live, 
the sea also having little or no animal life in its waters." The Es
kimos, Stockton discovered, had a name for the sea in that region 
which reflected its forbidding character: "the sea where there is 
always ice. " 3 

The earliest two maps, dating from the first quarter ofthe 19th 
century, show the region as still unexplored with the coastline 
unknown and indicated by a dotted line. This blank stretch of 
unexplored coastline remained as a challenge for a decade until 
P. W. Dease and T. Simpson, officers in the Hudson's Bay Com
pany, crossed it in 1837. Their expedition was a geographical re
connaissance rather than a full-fledged survey. As a result, there 
is little in their work that can contribute to an investigation of 
Dinkum Sands.4 

The next event to influence the cartography of the region 
was the tragic loss of Sir John Franklin and his whole arctic ex
pedition in 184 7. Franklin's disappearance triggered a number 
of rescue voyages into the Arctic Ocean. Important among these 
was the British effort by Captain R. Collinson with the HMS 
Enterprise and Captain R. McClure ofthe HMS Investigator. They 
entered the Beaufort Sea from the Pacific Ocean and Bering Sea 
in the summer of 1850. 

In mid-August 1850, the Investigator was under sail progres
sing east from Point Barrow when the ice pack closed in to block 
the passage north of the barrier islands off Prudhoe Bay. In at
tempting to pass south of Cross Island, the Investigator grounded 
on "a spit ... found to run off about W by S true from the island 
having 2, 2'4 and 2'h fms. on it. This runs out a distance of 2 
miles. " 5 

As a result of this mishap, the ship's second master, Stephen 
Court, spent three days in the immediate vicinity of Cross Island. 

Table 1. Cartographic Analysis Summary-Cross Island-McClure Islands Entrance 

Survey Date 
(Map Date) 

1818-1821 
(1823) 

1818-1826 

1850 

6 

Map Title/Description Geographic Feature 
Shown?* 

Comments 

An Outline to show the Connected Discoveries 
of Captains Ross, Parry, and Franklin in the Years 
1818, 19, 20, and 21 (published March 1823). 

A Map Shewing the Discoveries made by British 
Officers in the Arctic Regions from the Year 1818 
to 1826. 

Untitled ms. Map of Alaska Coast from 141°W to 
156°W by Stephen Court, 2nd Master. Court was 
a member of the crew of the HMS Investigator 
commanded by Capt. Robert McClure. 

NO 

NO 

NO 

Coastline between "Icy Cape" (162°W) and "Sea According to McKenzie" 
(134°W) is shown as an even dotted line. 

No coastline is shown from "Icy Cape" (162°W) to "Pt. Beechey" (c. 150oW). 
A dotted line to east from "Icy Cape" connects with "point reach'd by the 
Blossom's boat." 

A facsimile copy of this map with pages from Court's log were obtained 
from the British Hydrographic Department in Taunton, England. It repre
sents the earliest map to show the Cross Island-McClure Islands entrance at a 
scale which might have been expected to reveal Din kum Sands if it had existed 
as an island or low-tide elevation during the period from August 14 to 18, 
1850, when Court was in the immediate area. There is no evidence of 
Dinkum Sands on his map or in his log. 

(cont.) 
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Table 1 (cont.) 

Survey Date 
(Map Date) 

Map Title/Description Geographic Feature 
Shown?* 

Comments 

1853 

1853 

1855 

1881 

1890 

1890 

1890 

1904-1914 
(1918) 

1924 

Chart Shewing the North West Passage Discovered 
by Capt. R. Le M. McClure, HMS Investigator: 
... By E.A. Inglefield, Commander HMS Phoenix. 

Chart of the North-West Passage Discovered by 
Capt. McClure, HMS Investigator, 1850-1853. 
From Charts prepared at the Hydrographic Office 
Admiralty .... Second Edition with Sir E. Belcher's 
Discoveries. 

Arctic Sea, Behring Strait, Sheet Ill, 1853, 
Additions to 1855. 

Arctic Sea, Bering Strait, Sheet Ill, 1853, 
Additions to 1881. 

U.S. Hydrographic Office Chart No. 1189-
lssued with HO Chart No. 68 as a supplement 
(published Jan. 1890 at the Hydrographic Office, 
Navy Department, U.S.A.). 

Same as above. 

NO 

NO 

NO 

NO 

NO 

NO 

General Chart of Alaska. USCGS. NO 
Scale 1 :3,600,000. 

Map of the Coast Line Between Challenge Entrance NO 
and Thetis Island, Alaska. By E. de K. Leffingwell. 
Scale 1:125,000 (U.S. Geological Survey Profession-
al Paper 109, Plate IV). 

Alaska Arctic Coast. USCGS Chart No. 9400. NO 

1949-1950 Alaska Arctic Coast, Return Islands to McClure 
Islands Hydrographic Survey No. 7761. 

YES 
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Solid line parallelling coast is "Track of H.M.S. Investigator in August, 
1850." Dashed line shown inshore is track of "Plover's Boats." "Jones 1." 
and "Yarboro 1." are shown off coast near "P. Beechy" and "Franklin Augt 
1826." Caption "Attacked by Esquimaux" along dashed line from 148° to 
146°W. 

This map was published by W. and A.K. Johnston, Edinburgh, October 24, 
1853, and contains much more detail than the map described above. The 
Investigator and Plover's boats track lines are shown. Inland from coast the 
caption "Franklin's Discoveries 1825" is prominent from 138° to 149°W. 
From west to east, "Pt. Beechy," "Jones 1.," "Return Reef," "Pt. Anxiety," 
"Foggy Is.," "Flaxman 1.," "Pt. Brownlow," and "Camden B." are shown. 

Shows "Return Reef-Franklin Aug. 1826" just west of Prudhoe Bay. This 
appears to coincide with the modern Return Islands. "Heald Pt." shown as 
eastern headland of "Prudhoe B." "Chandos Pt." shown as eastern head
land of "Yarborough Inlet." "Anxiety Pt." is next headland to east. Islands 
or shoals are shown off the coast from Heald Point to Foggy Island, but 
scale is too small to allow an accurate identification of them. Coast between 
Anxiety Point and Flaxman Island is captioned "Very Low Land." 

This 1881 edition of the 1853 chart shows "Cross I. (Beacon)" just next to 
type for "Chandos Pt." From this it would seem safe to conclude that some
one (Br. Hydrographic Office?) placed a navigation aid on Cross Island 
sometime in the period 1855-1880. A numeral 3, indicating 3 fathoms, is 
located immediately to the east of Cross Island. Modern charts indicate this 
to be a fairly common sounding in the area adjacent to Cross Island. 

The copy of this chart in the Library of Congress Geography and Map Divi
sion contains several carefully inked annotations. In the vicinity of the 
Entrance, "Pt. Chandos" has been placed to indicate the eastern headland 
of "Yarborough Inlet." To the east "Anxiety Pt." and "Pt. Foggy ld." 
have been added and "Foggy Island Bay" has been inserted just above 
"Lion Reef." "Return Reef" and "Midway Is." are shown. Shoals are 
shown from "Anxiety Pt." to the east but not westward to "Prudhoe B." 

The copy of this chart in the Library of Congress Geography and Map Divi
sion is extensively annotated. Near "Tangent Pt." (154°34'W) appears the 
caption "where I was caught in the Newport" at the ending point for a ship's 
track drawn in and identified as "Track of ... Newport from Cape Bathurst 
to Herschel Islands Aug. 1897." At "Herschel Islands" a caption states, 
"Note Herschel Islands our Winter Quarters." A note on the chart states, 
"Shoals reported here" (145°W); "So dam shoal a Lobster could not 
crawl without getting sand in his eyes." 

Prudhoe Bay not named. "Return Reef" is shown. "Midway Ids." and 
"Cross 1." are shown with "3%"(?) fathom sounding south of "Cross 1." 

The relatively large scale of this map allows an extremely good treatment 
of the entrance and islands. The area from "Cross Island" to "Narwhal 1." 
is occupied by a line of soundings which crosses the area now occupied by 
Dinkum Sands. Near the midpoint and probable location of Dinkum Sands, 
three soundings are aligned from north to south and indicate depths of 4, 
2%, and 2% fathoms respectively. This is the only place where such a grouping 
of soundings was entered. 

"Midway Is." is shown approximately correct relative to "Cross 1." A large 
shoal area is shown in the entrance southeast of "Cross I." McClure Islands 
are not named. A "3%" sounding is shown close to "Cross 1." and between 
the shoal area and unnamed Narwhal Island. Some segments of a 1 0-fathom 
line parallelling the coast are shown on this chart. 

This is the earliest manuscript survey in the NOS vault that shows 
Dinkum Sands. It is based on a survey conducted during July 1949 and 

(cont.) 

7 



Table 1 (cont.) 

Survey Date 
(Map Date} 

Map Title/Description Geographic Feature 
Shown?* 

Comments 

1949-1950 Beaufort Sea, Alaska Cross Island-Planimetric 
Map T-9341. 

1951 

1955 

1956 

1960 
(Revised 

1976) 

1955-1962 

1962 

1973 

1982 

1983 

Beechey Point, Alaska, 1 :250,000, USGS Alaska 
Reconnaissance Topographic Series. 

Beechey Point (B-2) Quadrangle, USGS, Scale 
1:63,360. 

Alaska Arctic Coast, USCGS Chart No. 9400. 

Beechey Point, Alaska, 1 :250,000, USGS Alaska 
Topographic Series. 

Beechey Point, B-2 (Edition 1-AMS), Sheet 2661 
IV, Series Q701, Scale 1:50,000. 

McClure and Stockton Islands, U.S. Alaska-Arctic 
Coast, Chart 94 73. 

Alaska Arctic Coast, USCGS Chart No. 9400. 

Point Barrow to Herschel Island, Provisional Chart 
U.S. Alaska-Arctic Coast, Beaufort Sea, Chart 
16004. 

Beechey Point, Alaska Experimental Edition-
Alaska Satellite Image Map, USGS. 

YES 

NO 

YES 

NO 

YES 

YES 

YES 

NO 

YES 

? 

August 1950 by the USCGS survey party led by R.A. Earle. See "De
scriptive Report 7761" for details of the survey concerning Din kum Sands. 

This is the earliest planimetric survey in the NOS vault showing Dinkum 
Sands. According to the "Summary" accompanying the Descriptive Report, 
the project "was designed to furnish basic surveys for a special nautical chart." 
The same source (T-9340-43 incl.) also states, "Dinkum Sands, an un
charted island on T-9341 was detailed from a sketch traced from smooth 
sheet H-7761 (1950)." In the List of Geographic Names accompanying the 
Descriptive Report, it is noted, 'The name Dinkum Sands does not appear 
on the final name sheet. It was obtained from the Arctic Party and was 
probably submitted by that Party as an additional geographic name." 

"Cross Island" and "Narwhal I" are accurately shown and named. In the 
Entrance area now occupied by Dinkum Sands, a small area of less than 3 
fathoms or 18 feet is indicated. Similar depths are shown near the west end 
of "Narwhal I." Much of the entrance is shown to be less than 18 feet in 
depth and no depth greater than 30 feet is shown. 

This USGS topographic map shows Dinkum Sands as an islet slightly 
over 1000 feet in length from east to west. A small numeral "2" is printed 
on Dinkum Sands which should not be interpreted as an elevation. It re
lates rather to the cadastral system of township and range lines. These are 
"unsurveyed and unmarked locations predetermined by the Bureau of 
Land Management," according to a marginal note on th!! map. 

This edition of Chart 9400 shows a more refined rendition of Cross Island 
than found on earlier versions. Narwhal Island remains an unnamed feature. 
"Yarboro Inlet" caption is removed. A small rough circle of dots indicates 
shallows in the general area now known as Dinkum Sands. 

"Dinkum Sands" is shown as occupying the same entrance area which was 
indicated as less than 3 fathoms on the 1951 edition of this map. Its treat
ment, however, is slightly different from that for the nearby islands. The 
other islands are shown as "sand area" through the use of small brown dots. 
The extremely limited area of Dinkum Sands made this impossible to ac
complish. 

This Army Map Service map shows "Dinkum Sands" as a small island, 
roughly oval in shape, with its long axis trending east-west (c. 100 by 300 
yards). An area approximately 2 nautical miles to the northeast is cap
tioned, "Shoal reported (1955)." 

Chart shows Dinkum Sands as a named low-water elevation as above. 
"Survey Target (Destroyed in 1955)," is printed for a point which was on 
the southern edge of the outlined Dinkum Sands area. 

This edition of Chart 9400 shows a Racon responder beacon located on 
"Cross 1." The name "Prudhoe Bay" has been shifted from the land to the 
water. 

This chart shows a low-water elevation colored moss green and outlined in 
small dots at the approximate location of Dinkum Sands. A Racon re
sponder beacon is shown to be located on Cross Island. 

This satellite image map shows the area of the Beechey Point 1:250,000-
scale map quadrangle as it was recorded by remote sensing equipment on 
NASA Landsat-3. The Landsat imagery is registered to the 1976 revision of 
the Beechey Point Quad. No date is given for the imagery but it appears to 
be a summer (Aug.-Sept.) scene with a maximum of open water between 
the shore and the Beaufort Sea ice pack. The name "Dinkum Sands" appears 
in the same place as on earlier Beechey Point maps. There is, however, no 
clear image of any feature related to the name -several small white areas 
which appear to be ice masses are visible. 

*The term "Geographic Feature" denotes a formation which is subaerial or exposed on a regular basis as opposed to a strictly submarine feature 
such as a reef or shallow sounding. 

Note: The 13 entries deleted (for this article) from the cartographic summary showed no geographic features in the Dinkum Sands area. 
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Above, manuscript chartlet of the Beaufort Sea coast prepared by 
Stephen Court, 2nd Master aboard the HMS Investigator, in the summer 
of 1850. Right, an enlarged detail from Court's 1850 chartlet showing 
the Cross Island-McClure Islands entrance area. Cross Island has the shape 
of a bent dumbbell close to the edge of the "Main Pack." 

Although not engaged as a hydrographic surveyor, Court used 
his time to take extensive observations and produced a remark
able chartlet of the coast and fringing islands. Cross Island, while 
unnamed, is easily identified on Court's manuscript map by its 
bent dumbell shape. Significantly there is no indication of any 
feature, island, low-tide elevation, or shoal in the area now oc
cupied by Dinkum Sands. 

A review of the remaining 19th century maps and charts 
summarized reveals that the charts of northern Alaska recorded 
an increasing amount of coastal information in the form of geo
graphic names, soundings, and hazards to navigation. In none of 
these maps and charts is there any clear cartographic depiction 
of a feature which can be directly related to the one known to
day as Dinkum Sands. 

This is not entirely surprising when the maps from the first 
part of the 20th century are studied. Of particular significance is 
the map printed in 1918 from the surveys of Ernest De K. Lef
fingwell by the U.S. Geological Survey (USGS). Leffingwell was 
a gifted explorer-geologist of private means who for a decade de
voted his whole attention to exploring and mapping the region 
between Point Barrow and Martin Point. In his own words, Lef
fingwell "spent nine summers and six winters on the north shore 
of Alaska and ... made in all 31 trips by sled and by small boat 
in the region, in addition to traversing the coast between Point 
Barrow and Flaxman Island 10 times by ship." 6 
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Detail from Ernest De K. Leffingwell's 1918 "Map of the Coast Line 
between Challenge Entrance and Thetis Island, Alaska." Leffingwell's 
soundings between Narwhal and Cross islands show no sign of a feature 
later identified as Dinkum Sands. 
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The quality and thoroughness of Leffingwell's accomplish
ments on Alaska's North Slope was attested to by the USGS 
which, in 1919, published his monograph The Canning River 
Region, Northern Alaska. Several of Leffingwell's maps were also 
separately printed to accompany the published monograph. One 
of these is of particular significance in any study of the Cross 
Island- McClure Islands entrance and the nature of Dinkum 

Sands: "Map of the Coast Line between Challenge Entrance and 
Thetis Island, Alaska" printed at a scale of 1:125,000 or approxi
mately 1 inch equal to 2 miles (see above). 

As pointed out in the "Summary," Leffingwell made a series 
of depth soundings across the entrance between Cross and Nar
whal islands. In all, some 16 depths are indicated along the NW
SE line from the eastern tip of Cross Island to the western tip of 
Narwhal. By applying Leffingwell's map scale, this distance is 
slightly over 10 miles. Leffingwell stated that: 

10 

The soundings taken in boat trips close along the islands 
or the mainland are all easily located and can be entered 
with confidence upon the map. Many of those taken from 
the yawl during thick weather are doubtful. These sound
ings were entered with as much accuracy as possible, and 
if there was any discrepancy between neighboring sound
ings they were erased. The soundings appear to be regular, 
except near the inside of the deeper entrances between 
the sand islands. 6 
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As can be seen on the enlarged section of his map, Leffingwell 
showed a couple of additional soundings to the north and south 
of his line at its approximate mid-point. The northernmost of 
these indicates a depth of 4 fathoms (24 feet) followed by 211.. 
( 131,1, feet) and 2% ( 16Y. feet). Thus, at about the middle of the 
Cross Island - McClure Islands entrance, approximately where 
Dinkum Sands is shown on some later surveys and charts, Leffing
well showed his shallowest depths to be 131,1, feet. 

It might be argued that Leffingwell missed seeing Dinkum 
Sands as an island or low tide elevation because of bad weather 
or some other reason, and thus he recorded conditions which 

did not reflect the true depth and bottom configurations. This 
hypothesis fails, however, when one consults another portion of 
his monograph. In his section, "Itinerary," Leffingwell effectively 
dispels any doubts regarding the thoroughness of his survey in 
the Cross Island-McClure Islands entrance. He wrote: 

On August 31, 1910, Mcintyre and the writer proceeded 
westward in an open boat along the chain of sand islands 
that extend more than 50 miles in that direction from 
Flaxman Island. All these islands were mapped and inter
visible beacons were erected. It was impossible, however, 
to carry the line of beacons to Cross Island on account of 
its great distance from the next island to the east. 6 

It should be recalled that the distance from Cross Island to Nar
whal was just over 10 miles. To see the horizon at 10.2 statute 
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miles, an observer's eye must be at the height of 60 feet above 
sea level. It is no wonder that, even by using poles as markers, 
Leffingwell found it impossible to carry his line of triangulation 
beacons to Cross Island. 

Had Dinkum Sands existed in 1910 as either an island or low
water elevation, there can be no doubt that he would have seized 
on it as a position for a beacon in his survey effort. Thus Leffing
well provides convincing evidence that Dinkum Sands was not 
observable as a geographic feature or shallows in the period of 
his surveys prior to World War I. 

It is not until after World War II that a geographic feature 
corresponding to Dinkum Sands makes an appearance on maps 
and charts. In that period the United States Coast and Geodetic 
Survey (USCGS, predecessor agency of the National Ocean Ser
vice) undertook basic coastal hydrographic surveys which includ
ed the Cross Island- McClure Islands entrance area. A study of 
project reports revealed that the hydrographic surveyors encoun
tered what they assumed to be a recently emerged navigation 
hazard in the entrance between Cross and Narwhal islands. There 
were no extensive previous surveys by the USCGS in the area so, 
in a manner of speaking, the hydrographers were acting as explor
ers. In the character of explorers they enjoyed the prerogative 
of applying geographic names to previously unrecorded features. 
The following statement from their official report makes this 
fact clear: 

A small gravel island which actually falls within the limits 
of survey H-7761, 1950, was discovered during the 1949 
season but omitted from the 1949 "Geographic Name Re
port." This islet was named DINKUM SANDS by the field 
party .7 

Page 3 of H-7761 contains additional information on Dinkum 
Sands: 

A new gravel bar baring about three feet was found SE of 
Cross Island at 70°25.5'N and 147°45.7'W in an otherwise 
undeveloped [meaning unsurveyed] area. As this section 
was obstructed by ice during all of the 1949 season, it is 
possible that other dangers may exist between Narwhal Is
land and Cross Island along the line on which extensive ice 
gouging occurs. Further development in this area was pre
vented by lack of control and poor visibility during the 
latter part of the field season. This gravel bar was shown 
in ink on the smooth sheet, as the hydrographers data is 
the only information available, it being impossible to find 
any trace on the air photos.8 

The hydrographic data and reports supplied by the field 
parties were utilized by the USCGS headquarters personnel to 
produce the hydrographic and planimetric surveys which show 
Dinkum Sands as a geographic feature for the first time in 1950. 
Thus both the name and original cartographic depiction of 
Dinkum Sands can be traced to the 1949-1950 USCGS party 
carrying out the first detailed hydrographic surveys in the waters 
off Prudhoe Bay. The portion of the project smooth sheet show
ing Dinkum Sands included here indicates that "Dinkum Sands 
bares 3 feet at MHW [mean high water]." 

In the years that followed, not all maps showed Dinkum 
Sands as an islet or island. In fact, only three maps out of the 
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eleven representing the period from 1950 to 1983 showed Dink
urn Sands as an islet. These were the maps produced by the U.S. 
Geological Survey in 1955 and 1960 and the map issued by the 
Army Map Service in 1955-1962. Of the eight remaining post-
1950 maps, two show it as a low-water elevation. These are the 
1962 Chart 9473 and 1982 Chart 16004, produced by USCGS 
and its successor, the National Ocean Survey. In addition to 
showing Dinkum Sands as a low-water elevation, the 1962 edition 
of Chart 9473 included the caption "Survey Target (Destroyed 
in 1955)" at the formation. A U.S. Navy ship had reported that 
Dinkum Sands and the survey beacon erected by USCGS hydrog
raphers in 1949-1950 were no longer present in 1955.9 This ob
servation was confirmed in 1976 when a U.S. Coast Guard
National Ocean Survey cooperative project reported that they 
"couldn't find island" at Dinkum Sands. 10 

The last map included in the Cartographic Analysis Summary 
is an experimental edition of an Alaska satellite image map pro
duced by the U.S. Geological Survey in 1983. The name Dinkum 
Sands is printed on this map but there is no discernible feature 
visible to mark it as either an islet or low-water elevation. 

CONCLUSION 

It is clear that there is little cartographic evidence, if any, to 
support an argument identifying Dinkum Sands as a long-endur
ing island. The available evidence suggests rather that it is a shift
ing accumulation of sands which periodically emerges above the 
sea surface for short periods. Only a decision by the U.S. Supreme 
Court will answer the riddle of these sands by finally determin
ing whether such a dynamic feature constitutes an island in the 
legal sense. 
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Energy-Saving House for Southcentral Alaska 
by Debra and Ronald Bissett 

OVERVIEW 

This energy-saving house is a passive 
solar design, with superinsulation in the 
walls and roof, movable insulation on the 
windows, and an air-tight vapor retarder 
system. Solar heat gain is through the 
south-facing glazing, with heat storage 
mass concentrated in the lowest level. 

Space heating is completely provided, 
as needed, by a wood furnace equipped 
with a catalytic converter and water coil. 
Heat distribution is by natural circulation 
through a series of operable floor grilles. 
The wood heater will also preheat incom
ing well water. 

Since the proposed site is presently 
not part of an existing power system, a 

wind-powered electrical generator is being 
considered as a power source for necessary 
electrical appliances, pending a favorable 
outcome of a local wind analysis. 

SITE 

The site is seven miles north of Palmer, 
Alaska, and two miles off the Glenn High
way on Buffalo Mine Road. The area is 
at the base of Arkose Ridge of the Tal
keetna Mountains and is therefore a more 
severe climate than that of the Palmer area. 
The site is covered with a heavy growth of 
spruce, birch, alder, and various grasses 
and bushes. Subsurface conditions are very 
favorable for construction: 18 inches of 
topsoil overlie 50 feet of various gravelly 

sands over bedrock. Thus, a standard 
foundation is appropriate. 

The site is large enough and properly 
wooded to allow for the formation of a 
natural windbreak for winter winds. 
Some vegetation would have to be 
removed on the south side of the struc
ture to permit solar gain in the build
ing. The climate is severe enough to 
warrant the use of superinsulation tech
nology, and since the site does not have 
easy access to normal energy sources, 
the reduced energy use afforded by super
insulation is mandatory. 

Water is supplied from an existing 
well, piped underground to the house, run 
through two separate preheating systems 

Debra and Ronald Bissett of Anchorage submitted these house plans in the Alaska Energy Center/Division of Energy and Power 
Development residential design competition, source for this continuing series of articles on energy-efficient house designs. 
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SECTIONAL 

and stored in a large pressure tank. No 
further treatment of the water is necessary. 

Waste water in this design will be en
tirely grey water. This shall be carried by 
buried pipe to a septic tank at least 150 
feet from the well and then into a standard 
seepage tank. Line and tank cleanouts 
will need to be provided to meet Mata
nuska-Susitna Borough standards. 

ARCHITECTURE 

The house is a three-story structure. 
The lowest level is partially buried and 
contains the major passive solar heat stor
age mass and associated greenhouse, and 
a space for housing the various heating, 
water storage, and heat exchanging sys
tems. The arctic-type entry is split between 
the first two levels; the staircase is incor
porated in that space. The middle level 
houses cooking, eating, and social areas, 
while the upper level serves as the sleeping 
area. 

The lower floors have double infill 
walls with a four-inch space between them 
filled with rigid insulation. The infill mate-
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PERSPECTIVE 

rial is stone obtained locally from Moose 
Creek. The floor is concrete which, with 
the stone walls, will serve as thermal 
storage. 

The remaining levels have two separ
ate wood stud walls. The inside wall is 
load bearing while the exterior wall is 
suspended out from the main structural 
components. This allows for a continuous 
and almost unbroken layer of insulation 
surrounding the structure. The outer wall 
is built from locally available rough-sawn 
lumber with special detailing to allow for 
outer wall movement due to shrinkage and 
thermal expansion and contraction. Siding 
is lapped rough-sawn material applied in a 
manner similar to historical valley build
ings such as the Knik Museum. This is 
laid over building paper on studs which 
allows for excellent wall venting. Floors 
will be constructed of locally available 
rough-sawn joists with two layers each way 
of rough-sawn decking at 45 degrees to 
the line of the walls. This is covered with 
half-inch particle board and the finish floor 
material. 

The building form was developed to 
allow for natural heating of the entire 
structure from one heat source and to 
facilitate natural ventilation. Most of the 
glazing is on the southern exposure while 
glazing is minimized on the remaining 
exposures. All windows are equipped with 
movable insulation and are triple glazed. 
The southern exposure is also the view 
direction for the valley and Knik Arm, but 
the thick vegetation negates any view 
possibilities. 

The wind in winter comes out of the 
northeast, and is deflected by the trees to 
the north of the structure. The driveway 
is on the northeast side because snow drift
ing can be expected on the southwest 
side. 

There are no building codes in the 
Matanuska-Susitna Borough but the house 
is designed to meet or exceed the require
ments of the U.B.C. and F.H.A. standards 
for structural, space, health, and safety 
requirements. The structure far exceeds 
the requirements of ASHRAE 90A-80 in 
its air changes per hour and heat loss. 

STRUCTURAL 

The foundation has a reinforced con
crete footing to carry the stone infill and 
the concrete columns. The columns sup
port the major cantilevered floor beams 
which in turn support the floor joists. 
From this point on, the structure is 
standard platform construction. To avoid 
the use of expensive plywood, the diagonal 
bracing is rough lumber. Installing the 
crossbracing is very simple with the double 
wall because the bracing does not have to 
be let in to the studs and can be applied 
directly to the outside of the load-bearing 
wall. The roof is constructed of standard 
trusses with open rough-sawn sheathing 
under a metal roof. 
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MASTER BEDROOM 

Operable Floor Vents 
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FLOOR PLAN Level 3 

The figures 

used in this 
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ideas, not as 

specific building 

plans. 

FLOOR PLAN 

14 

level 1 

FLOOR PLAN Level 2 

MECHANICAL 

Space heating is accomplished by pas
sive solar heating and by the wood furnace 
via natural air circulation. The wood fur
nace should be equipped with a catalytic 
converter to maximize performance. Heat 
distribution is through a series of operable 
floor grilles which will allow air to cir
culate freely through the spaces. This sys
tem will function very efficiently in a 
house as tight as the proposed structure 
since a low air-change rate will greatly re
duce heat stratification and result in fairly 
even heating. Air for combustion and 
winter ventilation is supplied through a 
commercially available air-to-air heat ex
changer from a manufacturer such as 
Mitsubishi. 

In summer, ventilation is accomplished 
using the chimney effect created by the 
space configuration. An openable window 
at the highest point in the stair shaft and 
windows located on the side of the house 
that receives prevailing summer winds will 
induce air circulation in the entire struc
ture. 

Crucial components of the plumbing 
system are a water coil in the wood fur
nace for preheating the well water when 
the furnace is in use, and another coil in a 
grey water holding tank also for preheat
ing well water. From these preheating 
systems the water goes into a large 
pressure tank and is then distributed 
through the house. Hot water is supplied 
by using wall-mounted gas demand heat
ers. This technique, common in Europe 
but still uncommon here, will reduce the 
energy needed to heat water by heating 
only the exact amount required when it 
is required and close to where it is needed. 
There are no inefficient long pipe runs for 
remote hot water. Human waste and solid 
organic waste are treated in a com posting 
toilet and then recycled in the greenhouse 
as fertilizer. 

Fuel storage is needed for the gas that 
is used for water heating and cooking. A 
standard above-ground pressurized tank 
will accomplish this. The wood fuel can 
be stored under the building overhangs. 

ELECTRICAL 

Since the site is not on a power grid, 
some form of on-site electric generation is 
almost a necessity. The options have been 
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reduced to either a wind generator, pend
ing wind studies, or a fuel cell system. 
Either system would have a conventional 
gas-powered generator as a backup. 

Wind generation of electrical power 
would of course require the inclusion of 
storage batteries in a separate structure 
and eventually the use of an inverter to 
interface with the power grid when it 
reaches the area. 

The fuel cells would use the same fuel 
as the hot water heaters and backup gener
ator and could be incorporated usefully 
into the main structure, as the by-products 
of their electrical generation are water and 
heat. This system would also provide a 
substantial portion of the space heating 
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requirements. This choice is more expen
sive at present and is not widely available 
but if the more attainable wind system is 
not feasible, the fuel cell is the system to 

use. 

PROBABLE CONSTRUCTION COSTS 

This presentation contains concepts; 
technical expertise will be needed to 
guarantee the home's success. Design 
costs will be divided among three pro
fessional consultants as follows: 

Architect ........... $7 ,000.00 
Structural Engineer ... $2,000.00 
Electrical Engineer ... $1,000.00 

total $10,000.00 

Equipment Costs: 
Wood furnace ....... $2,000.00 
Wind generator 

package ......... $10,000.00 

total $12,000.00 

(Note: the fuel cell option would 
cost more.) 

Site development: 
Alr~ady completed. 

Materials: 
Total package ....... $40,000.00 

Labor: 
Owner supplies labor. 

Total costs of the proposed house: 
$62,000.00 

(Add $40,000 if built by a contractor.) 

ECONOMICS 

Most of the systems used in the design, 
with the exception of that for electrical 
generation, are low-technology, low
maintenance systems. The wood furnace 
needs periodic cleaning and eventually the 
catalytic combustorwill need replacement, 
which may cost $400.00. The passive 
system is almost foolproof but does re
quire the owner to adjust grille openings 
and window insulation. The heat ex
changers are also simple to operate and 
require only cleaning. These systems are 
easily understood and have a very long 
useful life. All systems proposed would 
pay for themselves within a maximum of 
seven years. 

The electrical generation system is 
more expensive initially, requires more 
maintenance, and is subjectto more break
downs and associated replacement costs. 
This type of system has proven to have a 
long life, however, and is therefore cost 
effective in the long term. 

ENERGY CONSUMPTION 

Preliminary energy consumption fig
ures show that the house would lose 
27,000 BTU/hr, assuming an outside de
sign temperature of -20°F and an assumed 
indoor temperature of +70°F. This figure 
does not take into account any improve
ment in thermal performance from the 
movable insulation on the glazing. Nor 
does the figure reflect the BTU gain sup
plied by the passive solar system and 
therefore it must be viewed as a high es
timate, even though it is quite low com
pared to that for standard construction. + 

15 



Remote Sensing in the North 

EVALUATING LANDSAT IMAGERY 
FOR DETERMINING SEDIMENT 
CONCENTRATION: PRUDHOE BAY, 
ALASKA 

by William}. Stringer and joanne Groves 

A complete Landsat image of the Beaufort Sea coast from Cape Halkett (extreme left) to the 
Sagavanirktok River. Offshore, plumes of sediment can be seen extending westward along a band 
of open sea between the shore and the pack ice. The cover photograph, an enlarged detail from the 
center of this image, shows more clearly the string of barrier islands extending between the Colville 
and Sagavanirktok rivers. These islands and the West Dock (at the eastern extreme of the islands) 
enclose Simpson Lagoon into which the Kuparuk River empties. 

INTRODUCTION 
When clear water becomes murky, even 

the most naive observer knows that some
thing has changed. For sea life, such a 
change -even if it is slight rather than 
striking - is seldom for the better. Sus
pended sediment cuts the amount of light 

and reduces the depth to which it will 
penetrate; settling particles can interfere 
with marine organisms' respiration, feed
ing, and reproduction. Human activities 
that could change the quantity of sedi
ment in water thus could have significant 
effects, which is one of the concerns at-

tending offshore petroleum development 
in Alaska. The proposed construction of 
artificial islands and causeways in the lease 
areas may involve dredging,"which probab
ly will increase the suspended particulate 
load; the facilities themselves will affect 
currents and may thereby cause resuspen
sion of sediment and increased particulate 
load. 1 

Using Landsat imagery, A.S. Naidu has 

shown that much of the midsummer 
suspended particulate load along the Beau

fort Sea coast is generated by wave action 
which resuspends unconsolidated river del
ta material during windy periods.1 During 
these periods, the rivers associated with 
these deltas can be seen to produce plumes 
of clear water within the sediment-laden 
waters overlying the shallow delta areas. 
Hence, the immediate sources of the 
coastal suspended sediment are the river 
deltas rather than the riverbeds. Naidu has 
suggested that if these activities produce 
significantly greater suspended particulate 
loads, their environmental impact should 
be further evaluated. 

To assess the changes-if any-that de
velopment causes in sediment particle 
loads, it is necessary to know both the 
pre- and postconstruction concentrations. 
This article describes the results of a pilot 
study to determine the utility of Landsat 
imagery for mapping the concentrations of 
sediment in Alaskan coastal waters. We in
vestigated this technique in the hope of 
finding improved procedures for monitor
ing sediment loads with respect to previous 
conditions. 

BACKGROUND 

Several researchers have noted that sun
light of wavelengths in the 5to6 J.L (micron) 
range (Landsat band 4) has the ability to 
penetrate water to some depth and reflect 
off the bottom. These authors hypothe
sized that Landsat imagery might be used 
to prepare bathymetric charts and viewed 
the sediment content of the water as a 
source of interference for which a cor
rection coefficient must be found. 

Warne studied the use of Landsat data 
for the preparation of hydrographic charts 
in Australian coastal waters.2 He related 
reflectance to water depth with the equa-

William J. Stringer, Ph.D., is an associate professor of geophysics at the Geophysical Institute, University of Alaska-Fairbanks, 
where he conducts research based on remote sensing techniques. Joanne E. Groves, also with the Geophysical Institute, holds an M.S. 
in chemistry and has performed postgraduate work in oceanography. 
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tion: R = a + b -cz where R = reflectance, 
z =depth, and a, b, and c are constants 
related to optical properties of the sea and 
atmosphere. Warne concluded that in prin
ciple Landsat imagery was useful in pre
paring hydrographic charts and that band 4 
could be used under optimal conditions to 
depths of 20 meters at an accuracy of 1 0% 
root mean square. However, the general 
lack of homogeneity in the optical con
stants a, b, and c required frequent mea
surement of these constants and, hence, 
the method is less efficient than was origi
nally assumed. 

Whitlock et al. studied the influence of 
different concentrations and mineral com
positions of sediment on the depth pene
tration of light of wavelength 0.52 iJ.. 3 

They concluded from laboratory experi
ments that the apparent depth measured 
by remote sensing is influenced by the 
mineral content and/or size of suspended 
sediments, and from field measurements 
that, even when the suspended sediment 
concentration is nearly constant, there is 
wide variation in apparent penetration 
depths. These authors postulate a penetra
tion depth of from 3 m to 7 m at 2 milli
grams per liter (mg/1) concentration and 
from 1 m to 2m at 10 mg/1 concentration 
for light of wavelength 0.52 iJ.. 

Gordon and McCluney defined Zso as 
the depth above which 90% of the diffusely 
reflected irradiance originates when light 
penetrates water. 4 They determined Zso 

for band 4 and band 5 at Crater Lake in 
Oregon to be 18.5 m and 2.7 m respective
ly, and at San Vincente Reservoir in Cali
fornia to be 1.9 m and 1.5 m respectively. 
Crater Lake water had been designated as 
equivalent to distilled water and San Vin
cente Reservoir in California is considered 
to have very small penetration depths 
due to its extreme turbidity. Thus, these 
measurements may be used to define the 
limits for penetration depths for both band 
4 and band 5. Their data also illustrate the 
extreme sensitivity of band 4 penetration 
depth to sediment concentration and con
trast this sensitivity with the relative in
sensitivity of band 5. Band 5 penetration 
depth is apparently little more than 2 m 
no matter what the sediment concentra
tion is. 

DATA 

Ten sediment samples, ranging from 2 
to 10 mg/1, were taken by a field team 
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EXPLANATION OF FEATURES 
o Sample site: a 9-pixel array (nos. 1-10) 
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A Mini-Ranger site, small lake 
B Mini-Ranger site, Heald Point tower 

-Track C-D 

lli 

PRUDHOE 
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KILOMETERS 

Classification of sediment concentration areas from band 5: 
An area with less than 2 m depth where the bottom probably influences the 

reflectance value 
II Reflectance values 7 to 8, patches of 9, lowest concentration 

Ill Reflectance values 9 to 13, patches of 7-8 and 14-15 
IV Reflectance values 14 to 17, patches of 13,18-19 
V Reflectance values 18 to 21, patches of 16-17, and 22 (less than 2 m) 

VI Reflectance values ;;.22 (less than 2 m) 

Figure 1. Map of suspended sediment concentration from a computer printout of Landsat image E-
22374-21130, band 5 reflectance values. The map is somewhat distorted (a 7% stretch in the verti
cal) because it was taken directly from the computer printout, and the characters used to produce 
the printout do not have the same relative proportions as the Landsat pixels. The distortion is most 
obvious for large features such as Prudhoe Bay. 

working under the direction of Naidu 
off the West Dock in Prudhoe Bay on 
July 22, 1981. The sampling was timed to 
correspond with Landsat Pass E-22374-
21130 on July 23, 1981 (see Fig.1 and 
Table 1 ). Computer printouts were made 
for bands 4, 5, and 6 of this Landsat image. 
On these printouts, reflected sunlight 
radiance values for each picture element 
(pixel) are given in a rectangular array 
corresponding to the relative ground lo
cations from which the reflected light 
originates. 

ANALYSIS 
The locations of the sediment sampling 

sites were determined by transferring 
Mini-Ranger (a distance-measuring instru
ment) triangulation measurements, made 
from a tower on Heald Point on the east
ern side of Prudhoe Bay and from the 
shore of a small lake on the western shore 
of Prudhoe Bay to each site, onto Nation
al Oceanic and Atmospheric Administra
tion (NOAA) nautical chart 16061. The 
Mini-Ranger distances are usually accurate 
to ±4 m for distances ranging from 2900 
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m to 15,000 m. However, difficulties in 
precisely locating the western Mini
Ranger station on the small lake on 
NOAA chart 16061 undoubtedly in
creased this error. Measurements from 
NOAA chart 16061 which were convert
ed to measurements for location of the 
sample sites on the Landsat printouts 
were made to the nearest millimeter, 
which is conveniently equivalent to the 
size of a Landsat pixel (the area rep
resented by one character on the print
outs). The NOAA chart was 1:50,000 scale, 
so a millimeter error made on the chart 
translates into 50 m on the ground. Re
flectance values (Table 1) were calculated 
by averaging over a square array of nine 
pixels where each pixel represents a 59 m 
by 79 m area. Thus, the total area averaged 
for reflectance was approximately 0.042 
km 2

• Averaging the reflectance of nine pix
els should have been adequate to accommo
date any error in locating sediment sample 
sites on the printouts. 

Linear regression analyses were per
formed for reflectance versus sediment 
load for bands 4, 5, and 6: 

• Band 4 (0.5 to 0.6 J1): The band 4 print
out shows some details of a sediment 
plume which originates from the Sagava
nirktok River and is deflected by the West 

Dock on Prudhoe Bay. The linear regres
sion analysis using all ten sites had a slope 
of 0.2, an intercept of 13 and a correla
tion coefficient of 0.35, indicating a min
imal relationship between reflectance and 
sediment load. 

• Band 5 (0.6 to 0.7 Jl): The band 5 print
out gives the most detailed picture of the 
sediment plume. The linear regression 
analysis of reflectance versus sediment 
load in mg/1 had a slope of 0.12, an inter
cept of 10 and a correlation coefficient of 
0.33, indicating a minimal relationship 
between reflectance and sediment load. 

• Band 6 (0.7 to 0.8 Jl): The band 6 print
out shows very little variation of reflec
tance with location. A linear regression 
analysis of reflectance versus sediment 
load in mg/1 had an essentially horizontal 
slope and a correlation coefficient of 
-0.035, indicating essentially no relation
ship existed between the measured reflec
tance and sediment loads on band 6. 

Examination of the bathymetry using 
NOAA chart 16061 for Prudhoe Bay 
reveals that the maximum depth in the 
vicinity of the West Dock and of the sedi
ment sample sites is no more than 6 m. 
Using the Whitlock et al. estimation of 
penetration depth for 0.52 J1 (band 4) as 

3 m to 7 m at 2 mg/1 sediment and 1 m to 
2 m at 10 mg/1, it seems reasonable to ex
clude sampling sites 7, 8, 9, and 10 since 
these sites appear to be in a depth and 
concentration range where band 4 reflec
tance is likely to be influenced by the sea 
floor as well as the sediment concentra
tion. 

Using Gordon and McCluney's observa
tion that the band 5 penetration depth is 
approximately 2 m independent of sedi
ment load, one can exclude sampling sites 
7, 8, 9, and 10 from the band 5 analyses 
also, as they are in a region of 2 m or less 
depth. 

Sampling site 6 is anomalous. This site 
appears to be on a boundary between sedi
ment-lade.n water behind Stump Island and 
relatively clear water. It is uncertain 
whether the bathymetric chart accurately 
gives the depth of a site so close to the 
West Dock, although site 6 appears to be 
deeper than 2 m. The nine-pixel array av
eraged to give the reflectance assigned to 
site 6 contained characters spanning seven 
different values of reflectance in band 5, 
whereas the other deep water sampling 
sites contained a maximum of three differ
ent values. 

Linear regression analyses for bands 4 
and 5 were run for the remaining five 

Table 1. Sediment Concentration and Reflectance Values 

Band 4 Band 5 Sample Band 4 Band 5 
Site Avg. Reflectance Avg. Reflectance Concentration Calculated Calculated 

(span) (span) (mg/1) Cone. (mg/1) Cone. (mg/1) 

1 15.7 (4) 11.6 (2) 10.16 7.76 8.75 
2 16.3 (2) 11.8 (2) 7.18 9.88 9.57 
3 16.2 (4) 11.7 (3) 8.26 9.53 9.16 
4 15.8 (2) 11.3 (3) 8.46 8.12 7.53 
5 13.8 (4) 9.8 (3) 2.32 1.05 1.40 

9.7 (7) 10.27 

! 11.3 (5) 4.81 
9.4 (2) 5.55 Figures for sites 6-10 

were not used in the 
10.9 (3) 6.28 calculations below. 
10.9 (3)* 7.45 

6 13.1 (4) 
7 13.6 (2) 
8 13.0 (3) 
9 13.2 (6) 

10 12.7 (5) 

Mean 15.560 11.240 7.276 
Standard deviation 1.016 0.826 2.969 
Slope 0.283 0.245 
Reflectance intercept 13.503 9.456 
Regression equation** R =0.283S+ 13.503 R=0.245S+9.456 
Correlation coefficient .826 .881 

*8-pi xel array 
**R =reflectance, S =sediment concentration 
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Band 4 Variation of reflectance along a line C-D 
located west of and parallel to the West Dock 

4 and 5 showed a region of low reflectance 
and presumably low sediment load near 
Stump Island and the second bend of the 
West Dock, and a region of maximum re
flectance presumably originating from a 
plume of sediment from the Sagavanirk
tok River which is deflected by the West 

Dock. 
< 2 meter depth > 2 meter depth 

15 

14 
pt.C 

"~ 
12 

890 

Meters 

sampling sites (Table 1 ). The band 4 
regression has a slope of 0.28, an intercept 
of 13.5, and a correlation coefficient of 
0.826. The band 5 regression has a slope 
of 0.25, an intercept of 9.5, and a corre
lation coefficient of 0.881. Thus, for 
sediment sampling sites in deep, open 
water, there appears to be a significant 
relationship between reflectance and 
sediment concentration. Furthermore, the 
similarity of these slopes implies that for 
this particular sediment type, band 4 and 
band 5 data might be used interchangeably 
over the concentration range of the sam
pling sites. (One might also take the simi
lar slopes to mean that the suspended 
sediment color does not change the range 
of stations used.) 

The sampling stations had been con
fined to relatively nearshore water because 
of the nature of the small craft used. As 
a result, it was apparent that the full 
range of sediment-altered reflectance val
ues had not been sampled. Therefore, an 
attempt was made to evaluate the overall 
sensitivity of bands 4, 5, and 6 using the 
three regions of distinct sediment load 
evident near the West Dock: a plume origi
nating from the Sagavanirktok River just 
east of Prudhoe Bay and deflected by the 
West Dock (Fig.1, Zone Ill), a low sedi
ment area between this plume and Stump 
Island (Zone II), and a confined region of 
low sediment load between Stump Island 

The Northern Engineer, Vol. 16, No.3 

pt.D 

and the mainland (Zone 1). Reflectance 
values were averaged for 100 linear sam
ples of four pixels each perpendicular to 
Track C-D (Fig. 1) originating near the 
base of the West Dock and extending 9 km 
into the Arctic Ocean. This was done for 
bands 4, 5, and 6 and plotted with posi
tion along Track C-D (Figs. 2 and 3). 

Band 6 failed to show any significant 
or regular variation in reflectance. Bands 

It is interesting to observe that when 
the plots are superimposed, the seaward 
two-thirds of the plots have the same 
general shape and noise features, but the 
inshore third (that part of less than 2 m 
depth) is different for each band. For band 
4, the inshore reflectances are more like the 
low-sediment area between Stump Island 
and the second bend of the West Dock; 
for band 5 the inshore reflectances are 
more like the sediment plume from the 
Sagavanirktok which is deflected by the 
West Dock. This is a further confirmation 
that band 4 and 5 reflectances respond in 
an equivalent manner to sediment con
centrations of moderate range in water of 
greater than 2 m depth, but respond 
differently in water of less than 2m depth. 
This difference in reflectance response 
may be due to differences in the way 
band 4 and band 5 sense the bottom in 
less than 2 m of water, but it is also possi
ble that the mineralogical and/or biological 
origin of the sediment present in the 
water between Stump Island and the 
shore is different from that in the deep 

Band 5 
14 

Variation of reflectance along a line C-D 
located west of and parallel to the West Dock 

< 2 meter depth > 2 meter depth 

pt.D 

Meters 
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water areas. In any case, this behavior re
flects the observation that the offshore 
plume and nearshore lagoon areas are 
slightly different colors on image prod
ucts made from these digital data. 

and band 5 could be used interchangeably 
in deep water and for concentrations of 
less than 25 mg/1 sediment (Fig. 4). 

For convenience, the band 5 nine-pixel 
arrays were chosen in such a way that all 
nine pixels in each array had the same re
flectance value in order that the averaged 
value for each nine-pixel array would be a 
whole number. The band 5 array reflec
tances ranged from 7 to 16. The band 4 
nine-pixel arrays which corresponded to 
the preselected band 5 arrays often were 
represented by as many as four different 
reflectance values instead of by nine iden-

tical reflectance values as might have been 
expected. Table 2 compares the preselec
ted band 5 reflectances with the averages 
of the corresponding band 4 reflectances. 
The standard deviations of the band 4 
averages ranged from 0.2 to 0.8a. Sedi
ment concentrations were calculated using 
the regression equations for band 4 and 
band 5. 

As band 5 reflectances were chosen to 
be whole numbers, the only appropriate 
measure of variance was that of the 50% 
confidence limit provided by the regression 
analysis. Sediment concentration and vari
ations from band 5 reflectance values are 
presented in Table 2. Since the band 4 re
flectance values corresponding to band 5 
did have variation within the arrays, stand
ard deviation as well as 50% confidence 
limits provided by the regression analysis 
are listed. Calculations of the sediment 
concentration using the band 4 regression 
equation and the variations predicted by 
the 50% confidence level and the standard 
deviation also are given in Table 2. 

Table 2 suggests that band 5 reflectance 
value 10 is equivalent to an averaged band 
4 reflectance value of 14.7 ±0.5. Band 5 
reflectance value 10 is equivalent to 
2.2 ±2.5 mg/1 sediment at the 50% con
fidence level, and band 4 reflectance 
value 14.7 is equivalent to 4.2 ±2.6 mg/1 
sediment at the 50% confidence level. 
There is some overlap of these independent 
calculations, but it is not as much as 
might be expected. 

The standard deviations recorded for 
the averaged band 4 reflectances corres-

In order to determine the relative re
sponse of bands 4 and 5 to sediment and 
depth, a plot of band 4 versus band 5 
reflectances averaged over square arrays 
of nine pixels each was compiled from 
points chosen from throughout the 
Prudhoe Bay area covered by the com
puter printout (Fig. 4). The result appears 
to be a two-step linear relationship: below 
reflectance of 15 for band 5 and 19 for 
band 4, the slope appears to be around 1; 
beyond this point the slope decreases, 
suggesting that the relationship between 
band 4 and band 5 changes at higher re
flectance values which in this case corres
pond to higher levels of sediment concen
tration. However, as virtually all of these 
high-sediment sites in the Sagavanirktok 
delta are less than 2 m deep, the bands 
may be responding to the bottom in a 
different manner. Another possibility is 
that the mineral content and/or biological 
activity of sediment within the Sagava
nirktok delta is different from that of sedi
ment in other regions of the study area. 

Table 2. Statistical Limits of Reflectance Measurements 

The reflectance values from depths of 
greater than 2 m were separated out and 
an analysis was undertaken to establish 
the validity of the hypothesis that band 4 

20 

Band 5 
Reflectance 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Band 4 
Reflectance 
Avg. and a 

12 
12.6 ±0.3 
13.5 ±0.4 
14.7 ±0.5 
15.9 ±0.8 
16.0 ±0.4 
17.5 ±0.5 
18.1 ±0.2 
18.3 ±0.4 
18.9 ±0.7 

Calculated Band 5 
Sediment Concentration 

mg/1 50% 
Confidence 

Limit 
(mg/1) 

2.2 ±2.5 
6.3 ±3.6 
0.4 ±4.6 

14.5 ±5.6 
18.5 ±6.6 
22.6 ±8.0 
26.7 ±9.0 

Calculated Band 4 
Sediment Concentration 

mg/1 50% Variation from 
Confidence 1 a of 

Limit Reflectance 
(mg/1) Avg. (mg/1) 

4.2 ±2.6 ±3.5 
8.5 ±5.3 ±3.5 
9.5 ±5.7 ±3.5 

14.1 ±7.2 ±3.5 
16.2 ±7.9 ±3.5 
17.0 ±8.2 ±3.5 
19.1 ±8.9 ±3.5 
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Table 3. Mini-Ranger Fixes 

Sample West Dock Heald Pt. Tower 

Site (meters) (meters) 

1 2,894 12,046 

2 3,664 12,142 

3 4,625 12,796 

4 6,123 13,578 

5 6,539 14,514 

6 4,994 13,691 

7 3,927 12,990 

8 3,730 13,209 

9 5,090 14,343 

10 5,879 14,955 

pending to preselected band 5 reflectances 
are a measure of the smallest variation one 
can hope to achieve using the band 4 or 5 
regression formulas to calculate sediment 
concentration. As seen in Table 2, these 
range from ±0.2 to ±0.8 reflectance units. 
Assuming a standard deviation of ± 1.0 
which is constant for the whole range of 
band 4 reflectance values, calculations of 
sediment concentrations from the band 4 
regression equation should be good at 
least to ±3.5 mg/1 and in some cases better 

than this. 
Table 2 reveals that the variation at the 

50% confidence level for calculation of 
sediment concentration is much greater 
than ±3.5 mg/1 for most of the concentra
tion range and for band 4 and band 5 re
gression equations. This implies that with 
more, better-selected field data, one should 
be able to derive regression equations for 
both band 4 and band 5 that will yield 
sediment concentrations good to at least 
±3.5 mg/1 for a range of approximately 2 

to 20 mg/1. 
An attempt was made to discover if 

there was any difference in reflectance 
response for band 4 and band 5 within the 
deep water of Prudhoe Bay such as that 
which occurred with these responses with· 
in the area between Stump Island and the 
mainland and the deep water near the 
West Dock. Had such a difference existed, 
perhaps it would have been possible to 
reduce even further the variation in reflec
tance values for band 4 which correspond 
to a preselected band 5 value, but no 
difference was found. 

CONCLUSIONS 

• Landsat imagery for both bands 4 and 5 
is unsuitable for normal quantitative sedi· 
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ment determination in less than 2 m of 
water. Band 5 might be considered for high 

concentrations in shallow water. 

• Linear regression equations for bands 
4 and 5 could be used interchangeably up 
to 20 mg/1. Refinement of these regression 
equations should be possible to enable 
the calculation of sediment concentrations 
to ±3.5 mg/1 or better. 

• Band 5 will most likely yield the best 
results for sediment concentrations above 

20 mg/1. 

Additional studies could improve the 
accuracy of the linear regression equa

tions: 
• The nine-pixel array averaged for re· 
flectance tabulation seems essential to 
allow for errors in locating the sample site 
on the computer printout and to smooth 
out noise in the printout reflectance data. 
The nine-pixel array covers 0.042 km

2 

with dimensions of 180m by 240 m. For 
calibration purposes, it would be desirable 
to take more than one sediment sample 
per sampling site to ensure the sediment 
concentration assigned to this large area is 
truly representative of sediment levels 
over the area of the satellite measurement. 

• More sediment samples should be taken 
off the Sagavanirktok delta, since this pre
liminary analysis implies that the relation
ship between sediment concentration and 
reflectance changes at sediment concen
trations above 20 mg/1. One should pay 
special attention to the depth of these 
stations for at least two reasons. First, it 
has been demonstrated that reflectance 
values are influenced by interference 
from the bottom at depths of less than 2m 
and most of the Sagavanirktok delta is no 
deeper than this. Second, there is no clear 
reference in the literature defining how 
important the influence of reflectance 
from the bottom is on reflectances in 
areas of very high sediment concentration. 
One should, therefore, record depth as 
well as site bearings in this region as an 
aitl in ensuring that the sediment samples 
will be useful and also to gain some insight 
into whether reflectance from the bottom 
does influence reflectance at very high 

sediment levels. 

• Some attention should be made to the 
mineralogical and biological nature of the 
sediments since there are many references 
in the literature on the complicating 

effects of variations in sediment composi
tion on reflectance values. 2'

3 If the sus
pended sediment is not fairly homogene
ous, it may not be possible to use Landsat 
imagery to quantify sediment load. It 
should be noted that the only evidence 
available of inhomogeneous sediments in 
the Prudhoe Bay area is for the water be
tween Stump Island and the shore, and 
reflectance data for other parts of the bay 
and the Sagavanirktok delta reveal no 
change in reflectance that can be associat· 
ed with sediment source. It should be possi
ble to use Sagavanirktok regression curves 
for any river delta on the north coast 
which has similar sediment composition. 

• It would appear that none of the 1981 
sampling sites were inside the minimum 
sediment load area (Fig. 1, Zone II). An 
attempt should be made to sample the low 
sediment concentration areas adequately, 
again paying particular attention to the 
depth of the sample sites. 

• The ten sedimentsamplesforthisstudy 
were taken around midnight on July 22; 
the satellite pass was at noon the following 
day. Perhaps some effort should be made 
to do the sediment sampling in a time 
frame bracketing the satellite pass. In any 
event, the sampling time period should be 

noted. 
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SCIENCE AND PUBLIC POLICY 
IN THE NORTH 

Opening Remarks 

1984 Arctic Science Conference 

by John N. Davies 

This, the 1984 Arctic Science Conference, is the 35th meeting in a series 
that began as the A Iaska Science Conference. We've taken a new name to reflect 
the fact that this is now the Arctic Division of AAAS, covering all of the North 
American high latitudes. But we don't wish to forget our heritage, and that is 
the reason for the parenthetical but prominent reference to the 35th Alaska 
Science Conference. I've been told that the Alaska Science Conference began 
quite informally as a gathering of a few of the "old boys" at the end of the field 
season. It was a time to discuss new observations and old friendships. This and 
future science conferences should continue that tradition. 

Obviously, however, the scale of things has changed a bit. With over 180 
papers and presentations and several hundred participants we can no longer sit 
around in one room and swap tales. In fact, no single conference could reflect all 
of northern science. 

In the last year or two in Alaska we have had international conferences on 
permafrost, circumpolar health, and radio communications. This summer Anchor
age hosted the joint meeting of the Seismological Society of America and the 
Cordilleran Section of the Geological Society of America, which drew just over a 
thousand participants. Next summer the Alaska Geological Society will host the 
annual meeting of the Pacific Coast Section of the American Association for 
Petroleum Geologists .... I have only mentioned a few meetings, but the point is 
that there is a lot of science being done in northern North America. To deal with 
this diversity, the Arctic Division has evolved a dual strategy: ( 1) reflecting the 
interest of the host institution, a theme is established to focus the conference, 
while (2) at the same time a general call for papers from any field is announced 
and special sessions or symposia are organized around specific topics which may 
or may not reflect the general theme. 

John N. Davies, Ph.D., is with the Alaska Division of Geological and Geophysical Surveys 
and is (informally) known as the state seismologist. As chairman of the Arctic (or 35th Alaska) 
Science Conference, he delivered these remarks at the opening of the conference in Anchorage 
on October 2, 1984. 
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There are two host institutions this year: the Alaska Division of Geological 
and Geophysical Surveys, part of the State of Alaska Department of Natural 
Resources; and the Geophysical Institute of the University of Alaska in Fair
banks. The theme for this conference, "Science and Public Policy," arises out 
of some difficulties I have observed while straddling the fence between these two 
institutions. 

The proposition I wish to put forward is that, in our specialized society, 
scientists and politicians speak such different languages and, perhaps more impor
tant, work on such different time scales that it is almost impossible for them to 
communicate with each other. And yet, as our society becomes technologically 
more complicated and interdependent it is increasingly important for scientists 
and politicians to understand one another. 

This observation is not new; nevertheless, it continues to be a problem at 
municipal, state, national and international levels. We have made some progress. 
One example is the local Geo-Rezoning project undertaken by the Municipality 
of Anchorage. This is a very comprehensive look at land use zoning which incor
porates technical and environmental information as well as demographic and 
economic information in an attempt to define the best use of the land in this area. 
Another example is the recently passed federal Arctic Research and Policy Act of 
1984. It is too early to tell what will come of this Act but I think it will be a 
significant vehicle for improving communications between northern scientists and 
politicians. 

A critical element in both of these examples was the willingness of a few 
scientists to roll up their sleeves and wade into the political arena. Now, I don't 
mean to suggest that it's not important that receptive and willing politicians are 
there pulling on their oars. It certainly is. But, if I may borrow a thought from 
our State Geologist, Ross Schaff, the politicians have been doing their job. In 
general the scientific community has not behaved as if it were a constituency 
wishing to be heard. Somehow politics has been outside the realm of the ivory 
tower. We must awaken to the fact that repairs and expansions of the ivory tower 
must compete for funds with boat harbors and daycare centers. And to compete 
successfully we must consider ways to improve the dialog between scientists and 
public decision makers. That improvement is needed. + 
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Science, Policy, and Politics: 

The Case of the Alaska Council on 

Science and Technology 

by Thomas A. Morehouse 

INTRODUCTION 

The Alaska state legislature created the 
Alaska Council on Science and Technology 
(ACST) in 1978 and allowed it to die in 
1984, withholding reauthorization under 
the state's sunset law. ACST's major statu
tory purposes were to determine state re
search needs, recommend priorities for 
research funding, and provide scientific 
advice to the governor and legislature at 
their request. The council consisted of 
seven members appointed by the governor 
for overlapping three-year terms: two 
members from the university, two from 
state agencies with significant research 
activities, two from the private research 
sector, and one from the legislative staff. 
The council had its own staff-an execu
tive director, an assistant, and a secretary. 

During its six years, the council experi
enced a rapid rise in funding and activity 
and an equally rapid fall. Its budget started 
at $50 thousand in fiscal 1979, peaked at 
over $3 million in 1982, and was reduced 
to zero in 1984. In all, the council spent 
about $4.7 million; over half of that total 
was allocated as grants to University of 
Alaska researchers. It also administered a 
grant program for development of small-

scale northern technology, helped to fund 
25 scientific conferences, and issued nu
merous reports on research activities and 
needs. While its research funding and pro
motion activities were extensive, its 
science advisory function within state gov
ernment was all but nonexistent. The 
council received only a few minor requests 
for specific information from legislators 
and executive officials. 

The council appeared for a short time 
to be a very active scientific affairs agency 
in state government-a unique organiza
tion financially better supported and with 
apparently more potential than any similar 
agency in any other state. But in mid-1983 
the council lost its staff and funding, and 
it was officially terminated in mid-1984. 

This article addresses the questions of 
what happened to ACST and why. More 
important, it explores the problematic re
lationship between science and public 
policy, a familiar topic that is raised once 
again in the ACST case. 

PERCEIVED OBSTACLES TO SCIENCE 
POLICY MAKING 

A leading student of the policy process 
asks: "Why, given its obvious merits, do 
governments not make more use of analy-

sis? Why not more analysis and less poli
tics?"1 A former member of the president's 
science advisory staff asks similarly: 
"Why is it that the explicit statement of 
objectives, the systematic establishment of 
priorities, and the analytical sorting out 
of alternative pathways to those goals are 
received with essentially no enthusiasm?" 2 

Adequate answers to these questions 
are not as obvious as they might at first 
seem. One common type of explanation 
is that there are not enough facts, analyses, 
and research to support decision making. 
Yet, many have observed that there may 
be too much, not too little, policy infor
mation -much more than policy makers 
have time to read. 3 True, not all govern
ments are equally supplied with a surfeit 
of studies. But the experience of those 
that are -that the studies so frequently 
seem to have little influence or to be 
ignored altogether- suggests that the prob
lem is not one of research supply, what
ever its quality. 

A second conventional explanation is 
that scientists do not communicate their 
results clearly enough to policy makers, 
and that the answer is to find better ways 
to communicate. Scientists who subscribe 
to this view commonly blame the potential 
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Several people gathered for an ACST 
meeting at the Geophysical Institute, Uni
versity of Alaska, on November 5, 1980. 
This meeting was held to hear opinions from 
the public for research needs in Alaska for 
ACST projects. 

users of scientific information and propose 
how science might be better packaged to 
accommodate the shortcomings of the 
users. 4 There is always a place for better, 
more effective communication. But it is 
not communication, per se, that is either 
the problem or the solution. A scientific 
finding that is clearly stated for policy pur
poses does not necessarily have any greater 
probability of acceptance and impact on 
policy making than an obscure statement, 
if conditions are not favorable. 5 

Another common but more interesting 
explanation is that politics and science 
don't mix. The conclusion of this particu
lar argument is that "the basic problem is 
not the inability of an indivjdual to wear 
two hats, but rather the incompatibility of 
science and politics: one trades in facts 
and the other in values." 6 This, of course, 
is a version of science in one of its purer 
and more positivist forms. At an extreme, 
it leaves little or no room for scientific 
advice in the councils of government-in
stitutions that exist in order to compromise 
or reconcile conflicting values.7 

This does not mean, however, that the 
methods and results of science might 
not be put in the service of policy. Es
pecially where complex problems bearing 
on security and survival can be defined 
as questions of alternative technological 
means, scientists play critical if not 
autonomous roles, and politicians and the 
public readily defer to their expertise. It 
may be true that in more mundane mat-
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ters of domestic policy, in which state 
governments typically operate, "no special 
deference is shown to the scientists since 
there has been no domestic equivalent of 
the atomic bomb to establish their author
ity (or) that of science itself .... " 8 None
theless scientists can clearly be of use to 
policy makers in many domestic policy 
areas -energy and environmental issues 
are among the more obvious-particularly 
when their role is technical or instrumental, 
assessing alternative means to ends, and 
serving values defined by policy makers 
and the political process. If scientists are 
useful to policy makers, help protect 
them from political damage, and stay in 
their assigned places, then they will be 
useful and used. This limited role, however 
is hardly consistent with the traditions, 
values, and practices of an autonomous 
science community, and there are many 
scientists who would not put up with 
such terms for very long. 

Scientists and policy makers have yet 
to agree on the terms of a compatible 
relationship. This is not simply because 
"one trades in facts and the other in 
values." It is rather because in significant 
matters of public policy, facts and values 
are extremely difficult to separate; the 
scientist's "facts"- if they are considered 
relevant to policy at all-may threaten or 
upset fragile compromises of interests 
and values, or provoke new conflicts, 
unless the policy maker can keep such 
"facts" under political control. 

This has little to do with the soundness 
or fallibility of scientific fact or analysis 
in any given instance. It is rather that 
science as a tool in the hands of one policy 
maker can be perceived as a weapon to be 
used against others. In other words, 
science can affect the relative amount of 
bargaining power held by one party or 
another in the political process, giving 
practical meaning to the familiar adage 
that "information is power." Thus, if 
science advice is not simply ignored, 
science seems potentially most effective 
and useful in the policy process only 
when it is controlled by one set of policy 
makers, or when it is taken seriously 
enough by a rival set to cause them to try 
to capture it for themselves or to neutral
ize its influence. 

POLICY FOR SCIENCE 
AND 

SCIENCE FOR POLICY 

The difficulties and pitfalls of making 
science work for policy have typically led 
science advisors in government to opt for 
the alternate, less hazardous task of trying 
to make policy work for sci~ce: they 
focus on the level and allocation of govern
ment funding for research and develop
ment.9 

Sapolsky found that, in the 1960s, 
establishment of most state science ad
visory bodies was "linked to concern over 
a state's standing in federal research and 
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... the council awarded over $3 million in research gmnts . ... and most had 
potentially little or no direct application to current policy issues. 

development allocations," and that "sci
ence advisory committees reporting to the 
governor ... originated almost without 
exception in a promise of economic gain 
for the state." 10 A direct stimulus in most 
cases was the availability of federal fund
ing for state science and technology pro
grams. States were required to have 
"science advisers" in order to participate, 
and by 1969, almost all governors had 
designated science advisers. Sapolsky also 
found that the prospect for either state or 
federal funding for state science and 
technology and hoped-for spinoffs of 
science-related development activity gen
erally did not materialize. As a result, 
most state science advisory bodies had 
either gone out of existence or fallen into 
disuse by the early 1970s. 11 

The federal government, through the 
National Science Foundation's State Sci
ence Engineering and Technology (SSET) 
program, tried once again in the late 1970s 
to encourage states to establish effective 
science advisory organizations.12 This time, 
the primary emphasis was explicitly to be 
on the provision of science advice to policy 
makers and not on science funding by 
policy makers. 

The SSET program did not survive the 
round of budget cuts early in the Reagan 
Administration, but it might not have 
fared much better even under more favor
able political and budgetary conditions. 
Reviews of SSET-supported programs in 
the early 1980s reported that state 
legislative science advisory bodies either 
did not survive turnover in legislative 
leadership or they were "absorbed" into 
the existing legislative staff structure. 13 

In the case of executive-linked science 
advice, evaluators found that "in no case 
was a permanent, politically independent 
board considered critically useful to the 
Governor." 14 They also found that the 
"organizational location of the [science 
advisory unit], which 'feeds' the guber
natorial policy process, is the most critical 
determinant of institutionallongevity." 15 

The main lessons were that if a science 
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advisory unit is to have any chance of sur
vival, it needs to be an integrated part of 
the policy process, structured for direct 
and immediate interaction with policy 
makers, and capable of efficient two
way translation and transmission between 
science and policy realms. 16 

CONFLICTING PERCEPTIONS OF ACST 

In 1977 the national SSET program 
provided a study grant to Alaska's Office 
of the Governor to develop a plan for a 
science advisory mechanism. That same 
year, at the 28th Alaska Science Confer
ence in Anchorage, a group led by Univer
sity of Alaska scientists and administrators 
proposed that a new set of science advisory 
and funding organizations be established 
at the state level. Soon after, a group 
representing the university, the state ad
ministration, and the legislature formed a 
committee to study and promote the crea
tion of a science advisory system for state 
government. These various efforts culmi
nated in passage of the Alaska Council on 
Science and Technology Act by the 1978 
legislature. 17 

A critical issue that was not resolved 
was the definition of ACST's primary pur
pose: was it to promote science funding 
by pol icy makers or to provide science 
information to policy makers? If it was to 
do both, what were to be its priorities for 
producing short-term or long-term re
search payoffs for policy? Who were 
ACST's principal clients and constituen
cies-legislators? governor and adminis
tration? university scientists? others? 

The council's authorizing legislation did 
not answer these questions clearly. In fact, 
the law was an ambiguous product of 
legislative compromise. The university 
initiators of ACST had originally sought 
creation of a three-part science pol icy, ad
visory, and funding system modeled on the 
National Research Council- National Aca
demy of Sciences-National Science Foun
dation pattern. The study committee and 
the legislature reduced this three-part or
ganizational scheme into a single council. 

The chief legislative sponsor of the 
ACST bill wanted the council to identify 
research priorities for the development of 
fisheries, forest products, agriculture, and 
other renewable resource industries. An
other influential legislator thought the 
council might serve best by providing 
"predigested" and "simple" answers to 
specific questions. Most legislators had 
limited or no expectations for ACST. 
Finally, the governor's office was mildly 
supportive of the general concept of a 
science advisory mechanism of some 
kind, but remained mostly passive. 18 

At the same time, existing university 
and state research agencies wanted to 
prevent ACST from meddling in their 
programs; two of the largest research agen
cies, the Alaska Department of Fish and 
Game and the university's Geophysical 
Institute, made sure that proposed legis
lative language that would have authorized 
ACST to review their research plans was 
eliminated from the bill. 

The law establishing ACST reflected 
this mix of interests and expectations, and 
gave the council broad responsibilities 
and vague authorities. The statute listed 
eight activities that the council "may" 
undertake (e.g., gather information, award 
grants, hire staff) and ten activities that 
it "shall" undertake, the most significant 
being to survey state research needs, 
recommend priorities for funding, and 
respond to requests from the governor or 
legislature for scientific information. 19 

Except for part of its first year, the 
council was chaired by its university mem
bers, who were also ACST's most domi
nant members during its five active years. 
The council's initial efforts focused on 
developing research needs and means of 
establishing a "science foundation" to 
award research grants. 

At the special request of a Fairbanks 
legislator the council agreed to administer 
a "northern technology': program. During 
the three-year life of this program, ACST 
awarded over $300,000 in small grants 
(under $5,000 each) to 117 projects. The 
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ACST provided funds for ice-core 
drilling on the summit of Mt. Wrangell, 
Alaska. The tripod used in this 1982 
pilot study helped support the drill 
barrel in the ice hole below. Analysis 
of these ice cores provides valuable 
information on the glacier ice and on 
paleoclimate and historical volcanic 
activity. (Photo courtesy of Carl 
Benson.) 

council's willingness to administer the 
northern technology program gained it an 
influential legislative sponsor, but the 
small grants program- in part because of 
its unorthodox projects and its flexible 
and irregular administration outside es
tablished channels -soon provoked criti
cism from other legislators and exposed 
the program and, indirectly, the coun
cil to some ridicule. 

Although the council did not succeed 
in establishing a "foundation," it did ob
tain substantial appropriations to fund re
search grants in 1981 and 1982, when 
state petroleum revenues soared to over 
$4 billion. Like many other existing and 
new state government ventures, ACST 
benefited from the legislature's generosity. 
During those peak years, the council 
awarded over $3 million in research 
grants, with about $2.7 mill ion, or 80 
percent, going to University of Alaska 
researchers. (University groups also re
ceived 65 percent of over $115 thousand 
that the council distributed for confer
ences, seminars, and small-scale research 
and publication projects.) 20 On a scale of 
basic and applied policy research, all were 
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on the basic side, and had potentially 
little or no direct application to current 
policy issues. 

Meanwhile, assisted by scores of inter· 
ested public and private agency officials, 
professionals, and technicians, the council 
had prepared 11 "research needs" reports. 
These reports covered "issues categories" 
ranging from agriculture to health, miner· 
als, seismology, rural education, and water 
resources. 21 They called for a broad range 
of long-term, basic and applied research 
and development projects. Of the 90 rec
ommendations for research, 85 were listed 
as "priorities" in the council's 1981 annual 
report. 

In its sunset review at the end of 1982, 
the Division of Legislative Audit recom
mended that the council should be 
terminated mainly because it had been 
ineffective in coordinating and centralizing 
research information. According to the 
report, the council's primary legislative 
purpose was research coordination, and 
most of its shortcomings followed from its 
failure to carry out that purpose. The 
council had not identified and elimi
nated "duplicative" research and had no 

adequate basis for providing useful advice 
on state research needs. Concerning the 
council's research grant program, the staff 
concluded that since the University of 
Alaska had received most of the grant 
funds anyway, and because the university 
"is in the business of doing research, it 
would be more efficient to direct appro
priate funds to the University.'' 22 

There was little basis in the council's 
authorizing legislation for the division's 
argument that ACST's primary purpose 
was research coordination. Indeed, the 
division acknowledged that the legislature 
had withheld authority to review state 
and university research plans, an authority 
that the division staff felt was necessary 
to coordinate state research effectively.23 

Nonetheless, the division's sunset report 
revealed a basic problem with ACST as an 
organization created and funded by the 
state to provide research recommendations 
and advice to state policy makers: its 
orientation was less to policy and policy 
makers than it was to research and uni
versity-based research scientists. 

At about the same time that the Divi
sion of Legislative Audit was making its 
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sunset report, a transition task force of 
Governor-elect Sheffield arrived at a simi
lar conclusion about the nature of ACST's 
service to the state: 

... the Task Force could not deter
mine that the functions of the Coun
cil on Science and Technology are a 
necessary part of state government. 
The services provided by this Council 
may be more appropriately aligned 
in the University of Alaska.24 

Both legislative staff and the governor
elect's advisors determined that the proper 
test of ACST's value to state government 
was not its effectiveness in long-term sci
ence research and funding activities, but its 
contributions to state government. There
viewers' common insight was that ACST 
either could not or would not directly as
sist state government; they concluded that 
the council's research promotion, funding, 
and administration activities were respon
sibilities of the University of Alaska. This 
rationale was sufficient to eliminate the 
council under unfavorable fiscal and polit
ical conditions: petroleum revenues were 
falling and electoral turnover had removed 
the council's chief sponsors from the scene. 
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The council's dilemma was that even if 
it had tried the science-for-policy alterna
tive, it probably would have ended up 
much like state science advisory groups 
elsewhere: "defunct, moribund, or vacu
ous. " 2 5 ACST initially had support 
from policy makers who thought it might 
help make science a more direct contribu
tor to the rational development of the 
state. The council would have had great 
difficulty fulfilling this mission and 
probably would have failed, given the 
obstacles to science in the policy process 
discussed here. The council, however, 
directed its main efforts elsewhere -to 
promoting longer term and more basic 
kinds of research supported by increased 
state funding. When that option was 
eliminated, and the council had also failed 
the test of science-for-policy, there was 
no longer a justification for its existence. 

The record of science advisory mech
anisms in Alaska and elsewhere in the 
states has been almost uniformly negative. 
It remains to explore basic conditions 
under which science can and does effec
tively shape policy. 

The Northern Technology Grants 
Program, administered by ACST, 
funded many small research projects 
such as this Alaska bush greenhouse. 
The black-painted cans filled with used 
motor oil store excess solar heat, 
moderating the temperature, while 
the barrel stove provides added heat 
when necessary. (The Northern Engi
neer dedicated Vol. 14, No. 4 to the 
NorTech Grants Program.) 

SCIENCE FOR POLICY: 
ALTERNATIVE RELATIONSHIPS 

Two sets of questions may help frame 
the critical issues involved in science for 
policy: first, should science try to focus 
directly on "problem-solving," or should 
it strive more broadly to provide for the 
"enlightenment" of decision makers and 
the public? 26 Second, should scientists 
serve directly as staff members of public 
policy-making agencies, or should they 
function as independent researchers in 
autonomous institutions such as universi
ties? Science and scientists can and do 
serve in all of these ways, but the differ
ent trade-offs involved deserve attention. 

To function effectively as problem 
solvers, scientists will often need to accept 
the policy makers' ends and frames of 
reference, be willing and able to cut 
research corners, know how to simplify 
explanations and results, and be prepared 
to see their work given meanings and 
turned to purposes other than their own. 
These are substantial sacrifices, but they 
may be worth it to researchers who prefer 
working close to decision making and 
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Table 1. Characteristics of Problem Solving 

tion, child abuse, prepaid health care, job 
training, welfare reform, and several 
others. She acknowledges that changes in 
the climate of opinion are not due to 
research alone, and that such shifts can 
themselves trigger new funding for 
research. 2 9 

and Enlightenment Models of Policy-Related Research 

Problem Solving 

Values implicit 
Consensus-orientation 
Means 
Technical 
Specificity 
Supportive 
Closed process 
Prescription 
Fast response 
Interaction 
Dependence 
Immediate effect 
Direct effect 

action. To the extent that policy re
searchers approach this kind of relation
ship with clients or employers, they 
sacrifice autonomy but gain more direct 
participation and, perhaps, influence in 
decision making. Their ethical responsi
bility in such cases seems to be to choose 
their employers or clients well so that 
their respective values are aligned as 
closely as possible. 

The most active form of this kind of 
research support for policy is sometimes 
termed "partisan analysis," 27 and is used 
primarily as an instrument of persuasion 
and control. Ideally, this activity occurs 
in an open political marketplace of com
peting ideas: each partisan "feeds analysis 
into interactive processes for his or her 
own benefit, [and] at least some of it be
comes the common possession of all the 
participants. Each can then challenge it or 
use it.'' 28 If conditions are supportive of 
analysis in policy making and if analytical 
resources are reasonably well distributed 
among the advocates, a more informed 
advocacy process may produce better (or 
more rational) decisions. 

On the other hand, researchers can 
work in universities or other autonomous 
institutions outside the policy arena and 
still have significant though indirect in
fluences on policy making. They can ac
complish this through "enlightenment"
the general diffusion of knowledge as well 
as the targeting of audiences for research 
findings. In the "enlightenment model," 
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Enlightenment 

Values explicit 
Truth-orientation 
Means and ends 
Intellectual 
Generality 
Critical 
Open process 
Explanation 
Measured response 
Detachment 
Independence 
Cumulative effect 
Indirect effect 

policy researchers sacrifice direct, im
mediate participation and influence, but 
gain in autonomy and its associated char
acteristics. Their own values govern their 
work, and they can assess ends as well as 
means, develop full-scale analyses, discuss 
all results, and let the chips fall where 
they may. 

According to Weiss, enlightenment is 
the major use of research in policy making; 
it is a source of ideas and information, 
forming orientations to the world and to 
policy problems. Weiss further observes 
that the wide dissemination of research 
findings has "helped shift the agenda and 
change the formulation of issues" in 
several policy fields: compensatory educa-

There are, then, two distinctive models 
for policy research -problem solving and 
enlightenment-though they often overlap 
in practice. Table 1 lists some of the im
portant defining characteristics of each. 
They are different with respect to orien
tations to values and to time, emph_asis on 
ends or means, and relationships with pro
fessional peers and information users. 
Further, the research or analytical work 
involved in problem solving and enlighten
ment can usefully be viewed as taking 
place within different institutional struc
tures. Table 2 depicts the alternative com
binations of research functions (problem 
solving or enlightenment) and institutional 
forms (integrated or autonomous). 

In this conceptual model, problem
solving work most appropriately takes 
place in units that are integrated into 
policy-making structures, and en I ight
enment work occurs in structures that 
are relatively autonomous. Both of these 
combinations-integrated/problem-solving 
and autonomous/enlightenment-are la
beled "stable" because they represent 
consistent combinations of values, inter
ests, and expectations. Agency research 
staffs and consultants-for-hire are placed 
in the integrated/problem-solving cell 1. 
They are explicitly employed and paid to 

Table 2. Policy Research Functions and Structures 

Structures 
Functions 

Integrated Autonomous 

1 2 

Problem Solving Stable Unstable 

4 3 

Enlightenment Unstable Stable 
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do research for policy, usually to focus 
narrowly on technical means to given ends 
or to produce "partisan analysis." Univer
sity researchers would be placed in the 
autonomous/enlightenment cell 3. Assum
ing reasonable academic freedom, they 
have opportunity and incentive to act 
independently in selecting problems, 
choosing methods, and presenting results. 
This, too, represents a relatively stable 
combination of values, interests, and 
expectations. 

The two remaining cells represent rela
tively unstable combinations. For example, 
house intellectuals or gadflies would 
occupy cell4. Although agency employees, 
they may have a protected position or 
patron and may function to some extent 
to "enlighten" decision making. But that 
is not their institutionalized function: 
they are usually devil's advocates or token 
critics who symbolically demonstrate 
"open-mindedness" and "balance" in 
agency decision making. Science advisory 
councils like the ACST occupy the other 
unstable cell, number 2. Such councils are 
usually made up of scientists from univer
sities and other nongovernmental institu
tions. To the extent that these science 
advisors assert and protect their auton
omy as scientists, they cannot function 
effectively as problem solvers in the policy 
arena. In such cases, their values, interests, 
time orientations, styles, and other char
acteristics usually are not and cannot be 
closely aligned with those of policy 
makers. Conversely, to the extent that 
such scientists assume policy makers' roles 
and values, they place their scientific 
reputations at risk: "The scientist who 
is too action-oriented loses his credibility 
in the same way that the politician who 
is too theory-oriented loses his." 6 

Thus, problem-solving research work 
takes place most appropriately by paid 
staff or consultants within policy institu
tions; and enlightenment research work 
best takes place in autonomous or indepen
dent institutions, primarily universities. 
In reality, we know that the distinction 
is not clear, and the principle of separa
tion is often compromised. But exam
ination of the conceptual models does 
take us a step toward greater awareness of 
the risks, tradeoffs, and sacrifices inevi
tably associated with ambiguities and 
compromises. 
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CONCLUSIONS 

The issue presented by the case of the 
Alaska Council on Science and Technol
ogy is not whether the governor or leg
islature favors or opposes science and its 
potential contributions to policy. State 
government supports many different 
kinds and levels of scientific and technical 
work within its agencies, through consult
ants, and in the University of Alaska. Nor 
is the issue merely one of communicating 
research results from scientists to policy 
makers. The main issue presented is how 
to organize, support, and conduct rela
tionships between the distinctive arenas 
of science and policy, and what purposes 
are to be served. 

Scientific skills can be turned to techni
cal and instrumental tasks for immediate 
or short-term answers. Science can also be 
left relatively free to explore larger public 
problems for which immediate, practicable 
solutions are elusive. Both kinds of policy 
research are needed. As a general rule, if 
scientists want to be short- term problem
solvers, then they should work directly 
for government, either as paid staff or as 
consultants under contract. If, on the 
other hand, they want to help enlighten 
policy and policy makers in the long run, 
then they might best do their work from 
their relatively autonomous bases in the 
universities. 
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Refinery at North Pole, Alaska. 

Alaska's Energy Policy: 
Power to the People at Any Cost ___ _ 
by Neil Davis 

INTRODUCTION 

The State of Alaska is in the energy 
business in a big way. More than 90 per
cent of state government's income is from 
petroleum resources- possessions owned 
collectively by the people of Alaska. This 
income is large, especially for a state hav
ing a population of only half a million 

people, and it allows the state government 
to spend heavily. The fiscal year 1985 
state budget plans for an expenditure of 
$3.89 billion, the equivalent of $18,600 
per average Alaskan household. 1 

In 1985 AI ask a wi II spend roughly $600 
million for transportation and public 
facilities and another $550 million for 
education. The next largest expenditure
ranking above government administration 
itself and above health and social services 
-is for providing energy and energy sub
sidies to Alaskans. Alaska will spend 
approximately $480 million on energy
related matters in fiscal year 1985. This is 
because Alaska's state government has es-

tablished itself as the key provider for the 
state's energy needs. 

An examination of the FY 1985 budget 
indicates a planned expenditure for the 
state's energy business as shown in Table 1. 
Striking features of this table are the high 
expenditure for hydropower and the low 
expenditure for research. No for-profit 
enterprise with operating and capital bud
gets the size of Alaska's would consider 
spending such a small portion of its total 
outlay for research. Exxon, for example, 
spent 6 percent of its total $11 billion 
budget in 1981 for research, and a tenth 
of that was for "basic" research. 2 Yet, in 
1985 Alaska will spend only about two-

Neil Davis, Professor Emeritus of Geophysics at the University of Alaska-Fairbanks, received B.S. and Ph.D. degrees in geophysics 
from the UAF and an M.S. degree from the California Institute of Technology. His latest book is Energy I Alaska (University of 
Alaska Press, 1984) from which the above photo is taken. 
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One important component of the energy policy ... is the 
concept that all Alaskans should share equally in the 

cost of energy and that all should have plenty of energy 
to use. 

tenths of a percent of its energy-related 
outlay on what might be considered re
search. 

Even if one includes the entire budget 
allocated to the Alaska Department of 
Natural Resources for "resource inven
tory/geological investigations"1 as if it 
were intended for research on energy re
sources-which of course it is not-then 
the portion for research is still less than 
1.5 percent. Alaska's energy policy does 
not include more than token investment 
for research directed toward developing 
the state's vast energy resources3 or 
toward analyzing state government's self
chosen role of providing energy to the 
people of the state. 

ALASKA'S ENERGY POLICY 

If Alaska's energy policy has little 
room for the generation of new knowledge 
and for technical innovation, what is the 

policy, and what does it include? Does 
Alaska even have an explicit energy poli
cy? The evidence is that it does have an 
evolving energy policy, although one 
might not be able to locate a statement of 
what that policy consists of at any mo
ment in its evolution. 

Something that sounds like the makings 
of a policy is the legislation that requires 
the Alaska Department of Commerce and 
Economic Development, with the assist
ance of the Alaska Power Authority, to 
prepare annually a new report on the 
"Long Term Energy Plan for Alaska."4 

The various authors of the reports on the 
Long Term Energy Plan do not claim that 
the plan is a statement of policy or that it 
is even a tool for developing policy.5 Yet 
the reports contain statements giving im
plicit indications of the state's energy pol
icy. Such statements, in addition to the 
body of enacted law, do suggest what the 
state's energy policy is. 

Table 1. Alaska FY 1985 Budget for Energy 

Item 

Hydropower 
Energy Subsidies 
lnterties: Anchorage- Fairbanks plus Seward 
Rural Electrification 
Administration 
Energy Conservation 
Alternative Energy 
Research (0.2%) 
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Fisheries impacts of hydropower 
Coal resources 
Geothermal resources 
(University of Alaska Coal Lab: 0.180) 

Total 

Amount (in millions of dollars) 

396.621 
25.653 
25.082 
14.295 
13.766 
2.434 
1.195 

0.415 
0.400 
0.100 

$480 million 
( 12.3% of state budget) 

The record of legislative actions over 
the past six years, as outlined in Table 2, 
hints at the nature of Alaska's energy poli
cy and its fast evolution. The state's ac
tions over the years do express an evolving 
policy, even if that policy is not explicitly 
stated. 

The starting point for development of 
Alaska's energy policy was the major in
crease in worldwide petroleum costs that 
occurred during the 1970s. High petrole
um prices and Alaska's status as a major 
petroleum exporter together gave the 
state money to spend. Those high prices 
also caused the state's political leaders to 
have genuine concern over the cost of 
energy to Alaskans, particularly those in 
rural areas. 

The flurry of energy legislation in 1978 
established a policy that said, in essence: 
Alaska will use its energy resources and 
the money derived from them to attempt 
to hold down or even reduce energy costs 
for urban Alaskans, and also to elevate 
rural standards of living by providing 
lower-cost energy there. The policy includ
ed components based upon a faith in the 
concept of increasingly greater petroleum 
prices in the future, faith in technology 
(i.e., creation of the Division of Energy 
and Power Development and the Alaska 
Council on Science and Technology), and 
faith in the idea that anything can be ac
complished by showering it with money 
(establishment of the Alaska Gas Pipeline 
Authority). 

Most important, the policy stated that 
it shall be the role of Alaska's state govern
ment to enter the business of providing 
electrical energy to the state's citizens 
(establishment of the Alaska Power Au
thority). Why not? The federal govern
ment did the same thing many years ago 
with its Rural Electrification Administra
tion and Tennessee Valley Authority. 

An element of the state leadership rec-

The Northern Engineer, Vol. 16, No. 3 



Alaska's energy policy does not include more than 
token investment for research directed toward 

developing the state's vast energy resources . ... 

ognized that perhaps the centralization 
represented by the major role awarded to 
the Alaska Power Authority might not be 
a satisfactory answer for everyone. One 
result was legislation forming the Alaska 
Energy Center, a public corporation in
tended to do everything for everyone, but 
which resulted -because of its quick ter
mination-only in an embarrassing waste 
of time and money. 

The years 1979 through 1983 saw 
changes that honed Alaska's energy policy 

into its present form. The recognizable 
forces affecting the evolution of policy 
include one that politicians find difficult 
to resist: the demand for jobs that large 
energy projects promise. 6 

Another strong force is the persistent 
faith in rising energy costs, an almost blind 
trust that inflated costs of fossil fuels will 
level all apparent fiscal mountains into 
highly negotiable foothills that future A
laskans can tread across with ease. Best to 
put out of mind the possibility that petro-

Table 2. Energy Legislation Implying an Energy Policy 

1978- Alaska Power Authority established. 
- Division of Energy and Power Development created. 
-Alaska Gas Pipeline Authority established. 
-Alaska Council on Science and Technology established. 

1980- Alaska Energy Center established. 
1981 -Alaska Energy Center abolished. 

-Energy Program for Alaska enacted. 
1982 -Alaska Power Authority powers broadened. 
1983 -Alaska Council on Science and Technology abo I ished. 

-Division of Energy and Power Development abolished. 
- Susitna blackmail clause (consumer balloon payments) postponed until July 

1991. 
1984- Susitna blackmail clause repealed. 

Fiscal restraints removed from Alaska Power Authority, so that its projects 
no longer need be economical or return full investment to the state. 

Power Development Revolving Fund established in the Department of 
Commerce and Economic Development to pay differences between 
actual costs and income from Alaska Power Authority projects. 

-lntertieappropriations made for $25 million (Seward; Anchorage- Fairbanks). 
-Lake Tyee, Swan Lake, Solomon Gulch, and Terror Lake hydro projects 

combined for purpose of rate determinations. 
-Bradley Lake hydro project authorized for construction at a cost of $300 

million in July 1983 dollars. 
- Susitna-Watana hydro project authorized for construction at a cost of $3.75 

billion in January 1983 dollars. 
- Unconstitutional forward appropriations for 

1. "power cost equalization"- $21.7 million annually, 
2. Bradley Lake "rate stabilization," etc.- $50 million annually, and 
3. Susitna-Watana "rate stabilization," etc. - $200 million annually. 
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leum prices may stay constant or even de
cline further. If that happens, a typical 
Alaskan fall sets in: the money tree sheds 
its fruit and leaves quickly; a hard winter 
follows soon behind. 

Another strong, growing force is state 
government itself. The fiscal year 1985 
budget adds 1772 new positions to aug
ment the approximately 17,000 people 
already employed by the state. 1 Even if 
they are not employed by the state, most 
Alaskans expect the state to provide bene
fits that go beyond the basic services 
government had provided a few decades 
ago. Alaskans now expect state govern
ment to provide jobs, housing loans, wel
fare payments, economic assistance to 
farmers and businessmen, and subsidies of 
all sorts. That state government should also 
provide energy only seems natural in an 
era when the public expects so much of 
government. 

These and other forces influenced the 
refinements of Alaska's energy policy 
from 1979 to 1983. If one thinks that 
state government's actions during this 
period indicate an evolving policy rather 
than merely a battling between different 
political elements of the leadership, then 
the nature of the evolution is clear. 

The elimination of such bodies as the 
Division of Energy and Power Develop
ment and the Alaska Council on Science 
and Technology indicates a trend toward 
centralization of authority and decision 
making and also a move away from the be
lief that technical innovation and the de
velopment of new knowledge should be 
important components of Alaska's energy 
policy. 

Along with a trend toward centraliza
tion, the evolving policy has focussed on 
the development of large power projects, 
primarily hydropower. The policy looks 
away from small, local energy projects 
that collectively might depend upon a 
variety of energy sources and that might 
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require application of new or improved 
technologies. 

One important component of the 
energy policy that has not changed is the 
concept that all Alaskans should share 
equally in the cost of energy and that all 
should have plenty of energy to use. The 
Energy Program for Alaska is accomplish
ing these goals by means of direct subsidies 
to consumers outside the Anchorage and 
Fairbanks areas and by means of the re
quired sharing of power project costs ex
pressed in the "Susitna blackmail clause" 
-primarily intended to force future legis
latures to invest in large power projects. 
The repeal of this clause in 1984 and its 
replacement legislation actually did not 
signal a change in the policy that all A
laskans should share equally in the costs 
of power projects administered by the 
Alaska Power Authority. However, the 
new legislation did remove from the power 
authority the previous requirement that 
its projects should pay for themselves. 

Prior to 1984, the Alaska Statutes re
quired the Alaska Power Authority to set 
rate structures that would return the 
state's investment in total. But now, ifthe 
authority builds a project that produces 
power at a cost higher than an alternative 
source of energy, the authority is allowed 
to set rates equal to that dictated by the 
cheaper alternate source. All Alaskans will 
share equally in the cost of the resulting 
shortfalls through the Power Development 
Revolving Fund -which is to be filled with 
money owned equally by all citizens. 

SUMMARY 

In summary, Alaska certainly does have 
an energy policy. It has some fixed ele
ments and some that are evolving. Based 
upon the actions that express it, Alaska's 
energy policy seems to be composed of 
the following elements: 

• Derive all possible income from export 
of energy. Foster, if necessary, new exports 
by providing financial assistance using 
money owned by the state's citizens. As
sume an increase in fossil fuel prices of a 
few percent each year. 

• Provide electrical and thermal energy 
to the state's citizens, since it is assumed 
that such a task is a proper function of 
state government. Also, subsidize fossil 
fuel costs in rural areas. 
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• Centralize decision making within state 
government and emphasize large power 
projects together with an interconnected 
intertie network. Use power projects to 
promote employment and regional growth. 
Assume that all technical problems can be 
solved during construction phases, using a 
base of pre-existing knowledge. 

• Do not require that power projects in 
themselves be the cheapest means of 
power generation in each area ofthe state_ 

Use a common pool of money owned by 
the state's citizens, now and in the future, 
to make up cost differences. 

• Do not emphasize use of the variety of 
energy resources available in Alaska or of 
technical innovation and development of 
new knowledge-to do so has no current 
fiscal advantage. 

I submit that the state's current energy 
policy is not in the long-term best interests 
of Alaska. Regardless of whether one ap
proves of rapid growth, the policy proba
bly is quite successful in promoting growth 

-as long as excess funds are available 
from energy exports. However, the policy 
makes too much use of subsidy and mini
mizes technological development that will 
be needed in future years. We are, in fact, 
already wasting money that would be bet
ter spent trying to diversify our use of 
Alaska's copious energy resources. 

Our policy places too much emphasis 
on centralization, both in energy supply 
and decision-making authority. The issues 
are complex and difficult to comprehend, 
at best. Partly for that reason, and partly 
because of the centralization within gov
ernment, Alaska's energy policy can be 
conducted by too few people with too lit
tle scrutiny. 

Perhaps the most serious defect is the 
lack of fiscal restraint in the policy that 
now exists in 1984. Previously, the Alaska 
statutes required that energy sold from 
projects be priced to match their costs, 
year by year. The removal of that strin
gent requirement decreases the pressure 
on planners to make energy projects cost
effective-as long as the oil money holds 
out, we have no immediate sanction to 
punish poor planning or costly mistakes. 
We are, in effect, putting our problems 
off to the future. As rich as Alaska is now, 
one would think that we ought to be able 
to solve our problems as we encounter 
them, instead of foisting them off on our 
children. 
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Science, Susitna, 
and Political 
Decision Making 
by Gordon S. Harrison 

The subject of this symposium is the 
relationship between science and public 
policy. The proposed Susitna River hydro
electric project offers a good opportunity 
to explore this subject: we all recognize it 
as a major policy issue and tens of millions 
of dollars have been spent on scientific re
search concerning it. My thesis is a fammar 
one: science can assist public policy making, 
but it can make no rightful claim to sup
plant or dominate policy making. 

Generally speaking, there have been 
three main lines of scientific research on 
the Susitna project: geotechnical and en
gineering, environmental, and economic. 
The conclusion of each of these lines of 
inquiry has been that: 

• the project is feasible from an engineer
ing point of view; 

• the environmental impacts of the proj
ect can be successfully mitigated, for the 
most part, and any unavoidable adverse 
impacts are acceptable in comparison 
with the benefits of the project; and 

• the project offers the least expensive 
long-term source of electric energy for 
the Railbelt. 

All photographs with an artist's con
ception of proposed dams of the Susitna 
hydroelectric project are courtesy of the 
Alaska Power Authority (proposed Devil 
Canyon dam pp. 34 and 36; proposed 
Watana dam p. 35). 

Gordon S. Harrison, Ph.D., is Associate Director of the Office of Management and Budget, State of Alaska. 
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These conclusions, however, should not 
be considered sacred when it comes time 
to make public decisions about the proj
ect. In this brief presentation I will 
attempt to show why this is so with re
spect to the economic studies. My aim is 
not to undermine the validity or credi
bility of the studies, which in fact repre
sent a very high level of technical profi
ciency. Rather, my aim is to emphasize 
the legitimacy of the political decision
making process on a project such as this, 
notwithstanding the conclusion of experts 
on the matter. 

It may be useful to review this familiar 
ground with respect to the Susitna project, 
for it seems that many people on both 
sides of the issue deny the legitimacy of 
the political decision-making process, and 
the actors in it-the "politicians." For ex
ample, a commonly held opinion, especial
ly among the scientists, is that scientific 
studies should simply be the last word on 
the matter. In this view, the political de
cision-making process interjects extrane
ous considerations and generally corrupts 
rational debate and scientific discourse 
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about the project. Another common view 
is that politicians are not interested in real 
facts, information, or debate of any kind; 
that they have a "blind" commitment for 
or against the project based on their own 
interests and intuition; and that they have 
commissioned self-serving studies to sup
port their point of view. 

Note that both sides claim the "facts" 
are on their side. I believe that a person's 
position for or against Susitna is ultimately 
dependent upon subjective values and 
judgments, not abstract "fact" or scienti
fic information alone. Because of the 
prominence ofthese values and judgments, 
a collective public decision about the proj
ect must necessarily be a "political" one, 
arrived at through the traditional interplay 
of the executive and legislative branches 
of government. 

ECONOMIC STUDIES OF SUSITNA 

To develop this thesis, I would like to 
take a broad view of the economic analy
sis of the Susitna project. There have 
been four major economic studies: one 
by Battelle Northwest Laboratories in 

1982, one by Acres- American in 1982, 
and two by Harza-Ebasco, one in 1983 
and one in 1984. Acres-American and 
Harza-Ebasco (a joint venture) are major 
engineering firms with worldwide experi
ence in large-scale hydroelectric projects. 
Millions of dollars have been spent on 
these studies, and several sophisticated 
econometric models have been brought to 
bear on the problem. 

The method used in the four studies 
is essentially the same. First, the long
term demand for electricity is forecast. 
Then, the cost of producing that amount 
of electricity by alternative methods is 
calculated. More specifically, the total sys
tem costs of the Susitna project over a 
specified number of years are estimated 
and then compared to the total system 
cost of the best alternative system over 
the same number of years. The costs 
of the two systems are compared to each 
other by converting the annual future 
cost of each system into its present 
value. The power system that has the 
lowest present value cost is judged supe
rior, and the net benefits of that sys
tem are equal to the difference between 
the present value cost of the two. 

Thus, the statement that the net bene
fit of the Susitna project is $1 billion 
means that the additional cost of the next 
most efficient generation system (which is 
a certain combination of coal and natural 
gas thermal plants) is equivalent in value 
to $1 billion in hand today (see box A). 

This analytical technique is well and 
good, but problems immediately beset 
the person who begins applying it. These 
have to do with specifying the expected 
values for the key parameters of the analy
sis. This means, simply stated, looking into 
a crystal ball. All business and invest
ment decisions are based on assumptions 
about future cost and price trends, but the 
time horizon of most investment decisions 
is relatively foreseeable: 4, 6, or even 10 
years. In the case of a hydroelectric proj
ect, however, the investment decision re
quires price and cost assumptions for the 
very long-term future. Hydroelectric proj
ects are extremely long-lived. In Juneau, 
for example, part of the current base load 
power is supplied by hydroelectric proj
ects built 70 years ago. In the case of Su
sitna, the design and construction period 
alone is more than a decade. 
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A. Cafcufating Present Value: How an Economist Buys a Car 

A simple example may help explain this analytical method. Suppose a person 
is undecided about the economics of buying a new car (Susitna) or a used car (ther
mal alternative). A new car. will cost more, but it wit! last longer and cost less to 
operate. A used car will cost less initially to purchase but will have to be replaced 
sooner and will cost more to operate. To make a financial analysis ofthe.options, 
the person must make some assumptions about the purchase price of the cars, 
their life expectancy, financing terms, and operating costs. Then he can determine 
how much he will have to pay in each year with each option. These are shown 
below. Since the stream of costs for the two options are different in each year, 
they must be evaluated in comparable terms. To do this, each stream of costs is 
converted to its present value with a discount rate of 15 percent. In the example 
below, the new car option is superior because it has a present value of $21,644, 
which is $3,308 less than the used car option. 

The example anticipates the points I develop in this paper about the uncer· 
tainty of the assumptions one must make and the risks involved in either choice. 
For example, an assumption must be made about future operating expenses of a 
new and a used car, but two good mechanics could arrive at significantly different 
estimates. Also, it is obvious that tile economic outcome of the analysis would 
be much different if sometl'ling hi!ppened that was unexpected, but not entirely 
far-fetched: for example, tt'te new car was a lemon and had to be replaced after 
three years, or one of the vsed cars was so good it exceeded its life expectancy 
by five years. Befort~ we make a decision to buy a new car or a used car, we assess 
the risks associated witl"' each option, and this assessment may be quite different 
from that of another informed buyer. 

New Car Used Car 

Year Capital Operating Total Capital Operating Total 

1 6,570 1,000 7,570 1,314 2,500 3,814 
2 6,570 1,050 7,620 1,314 2,625 3,939 
3 6,570 1,103 7,673 1,314 2,756 4,070 
4 1,158 1,158 1,521 2,894 4,415 
5 1,216 1,216 1,521 3,039 4,560 
6 1,276 1,276 1,521 3,191 4,712 
7 1,340 1,340 1,760 3,350 5,110 
8 1,407 1,407 1,760 3,518 5,278 
9 1,477 1,477 1,760 3,694 5.454 

10 1,551 1,551 2,038 3,878 5,916 
11 1,628 1,628 2,038 4,072 6,110 
12 1,710 1,710 2,038 4,276 6,314 

15% disc. 21,644 24,952 

Assumptions: 
~ Used Car 

Purchase Price $15,000 $3,000 
Useful Life 12 years 3 years 
Financing Terms 3 years, 15% 3 years, 15% 
Operating Costs 204/mile 50d /mile 
Annual Use 5,000 miles/year 5,000 miles/year 
Operating Cost Increases 5%/year 5%/year 
Capital Cost Increases 5%/year 
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SOME VARIABLES 

Let's consider several variables that are 
central to the outcome of the economic 
analysis, which, remember, involves a very 
long-term load forecast and comparison 
of future system costs. 

Oil Prices 
A good place to start is oil prices. Oil 

prices are important because they have a 
large impact on the cost of fuels alternative 
to hydropower-namely coal and natural 
gas-and on the growth of Alaska's econ
omy, population, and electricity demand. 

While there is general agreement that 
future oil prices are relevant to alternative 
fuels' prices and to the Railbelt's demand 
for electricity, the nature and extent of the 
relationship is controversial. If oil prices 
rise, will prices for Alaska's coal and natur
al gas necessarily rise too? Probably not
unless export markets develop for these 
resources, and even then the price dynam
ics for the domestic market are unclear. 

To what extent does the long-term 
future growth of the Alaska economy 
depend upon state petroleum revenue? 
Will the development of other natural re
sources and the growth of other industries 
continue to stimulate population growth? 
Will new discoveries of oil on state land 
maintain current levels of state spending, 
even in the face of declining real crude-oil 
prices and declining production from the 
huge Prudhoe Bay field? 

Even if the relationships between oil 
prices and these variables were clear, the 
future price of oil is by no means certain. 
Some analysts believe that the price of oil 
will continue to fall from its current, arti
ficially high level. Others foresee dramatic 
long-term real price increases. The Alaska 
Department of Revenue projects (with 
hesitation) crude oil prices 17 years into 
the future. Yet oil prices more than 50 
years into the future are relevant to the 
analysis of the Susitna project. 

Interest Rates 
Let's look at another key variable

interest rates. In this business it is not 
enough to make an assumption about the 
long-term pattern of real interest rates
that is, the spread between prevailing in
terest rates and expected rates of inflation. 
It is also necessary to make an assumption 
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about nominal interest rates during the 
period of 1 0 or 15 years when financing 
for the project is being obtained, which 
won't begin for several years. Nominal in
terest rates are important because of the 
phenomenon known as the "inflationary 
financing deficit": debt service payments 
on high interest rate bonds will be higher 
in real terms in the early years than pay
ments on low interest rate bonds even if 
the real rate of interest is the same on both 
issues (see Table 1). Thus, marketing debt 
in an unexpectedly inflationary environ
ment could imperil the economics of the 
project. 

Real interest rates are also important 
to the economic analysis, so one must 
speculate about the future relationship be
tween interest rates and inflation rates. 
Real interest rates are important because 
they represent the real cost of capital. 
Real cost of capital is used to establish the 
discount rate that converts future costs to 
a present value. This computation is a 
major procedural step, and the outcome of 
the overall analysis is extremely sensitive 
to the discount rate that is used. For ex
ample, the Acres-American study showed 
that the Susitna project would result in 
$1.3 billion of benefits with a 3 percent 
discount rate, that there would be virtually 
no benefits with a 4 percent discount rate, 
and that there would be a net loss of $0.5 
billion with a 5 percent discount rate. 

Historically, real interest rates have 
been about 3 percent. In recent years, how
ever, the capital markets have behaved 
very unpredictably. At present, real inter
est rates seem to be about 8 percent. Is 
this an aberration or is it a new fact of 
economic life? 

The foregoing discussion of oil prices 
and interest rates illustrates how the out
come of "scientific" economic studies is 
the result of many assumptions that scien
tists are hardly better qualified to make 
than are other informed observers. 

FINANCING SUSITNA 

Let us look briefly at the issue of 
financing Susitna, which is related to but 
separate from the issue of economic feasi
bility. Theoretically, an energy project 
such as Susitna that shows a lower present
value cost than the closest competing sys
tem should be capable of obtaining 100 
percent debt financing if a reasonable dis
count rate has been used in the analysis. 
However, our financial advisors have con
centrated on conventional financing pro
posals that rely on level debt service pay
ments over the life of the bond issues. 
The result of this approach is to make the 
price of power in the early years much 
more expensive than the price of power 
from the thermal alternative. Therefore, 
in order for the power to be marketable, 
the state must play a role in project 
financing. This role can take the form of 
cash appropriations for construction, in 
order to reduce the amount of debt, or it 
can take the form of payments to the 
owner of the project (the Alaska Power 
Authority) to help make debt service 
payments for as long as the cost of the 
hydropower exceeds that of the thermal 
alternative. The former method is referred 
to as equity investment, the latter as rate 
stabilization. The choice between the two, 
or the selection of a mix, or the selection 
of other possibilities such as loans from 

Table 1. Inflationary Financing Deficit 

Price Index Nominal Debt Service Real Debt Service 

Year at 1% at 7% Case A Case B Case A Case B 
Case A Case B (at 4.03%) (at 10.21%) 

0 1.000 1.000 
1 1.010 1.070 5.80 10.79 5.74 10.08 
5 1.051 1.403 5.80 10.79 5.52 7.69 

10 1.105 1.967 5.80 10.79 5.25 5.49 

15 1.161 2.759 5.80 10.79 5.00 3.91 

20 1.220 3.870 5.80 10.79 4.75 2.79 

25 1.282 5.427 5.80 10.79 4.30 1.42 

30 1.348 7.612 5.80 10.79 4.30 1.42 

Note: This table assumes that a facility costing $100 million is debt financed for 30 years under 
two different nominal interest rates but under assumptions of inflation such that the real interest 
rate is the same in both cases (3%). Clearly the higher nominal rate imposes a severe debt-service 
burden in the early years in Case B. 
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the general fund, involves policy issues 
about how we should be spending our 
present oil revenues. 

State financial intervention implies a 
subsidy of some kind, even if it is merely 
the state's willingness to take the risk of 
nonrepayment on a loan that the bond 
market is unwilling to take. To subsidize 
the project means that we are using cur
rent income to benefit our citizens in the 
future. This is because significant benefits 
to rate-payers will presumably not be real
ized until the price of the thermal alterna
tive surpasses the unsubsidized price of 
hydropower, which could be many years 
after the project is operational. A subsidy 
for Susitna thus represents an "intergener
ational transfer" of our current one-time 
wealth. To many people this seems fair, 
equitable, and responsible. To others it 
may not, because, for example, they be
lieve the money has a higher return when 
spent now on pressing social needs. Or, 
they may oppose significant state subsidy 
because it really isn't needed in the long 
run. It is theoretically possible to structure 
wholesale power rates so that most of the 
state's early-year investment (equity and 
rate stabilization) is repaid to the state 
over the long term (see box B). In this case, 
the state would supplement the debt
financing capability of the bond market, 
and it would subsidize the project by tak
ing a risk that is imprudent in the eyes of 
other investors (it would also subsidize 
the project to the extent the interest rate 
and other terms of the loan were more 
generous than those that the market 
would otherwise extend). 

THE POLITICIAN'S ROLE 

Obviously these public spending deci
sions can only be made through the consti
tutional mechanisms of our governmental 
system. Perhaps not so obvious is that 
these governmental mechanisms -the leg
islative and executive branches of govern
ment-are also the rightful place to deal 
with the judgments that must be made 
about key parameters of the technical 
studies: the future price of oil, the pros
pects for economic and population 
growth, the discount rate, and so on. Poli
ticians must make personal assessments of 
what they think is going to happen in the 
future with regard to the key variables. In 
other words, the role of the politicians is 
to make a collective decision for society 
that expresses the probability that we 
attach to certain future events- our ex
pected values of the key variables of the 
analysis. 
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B. Why Subsidy Is Unnecessary 

To illustrate the point that subsidy is not needed to obtain the benefits of the 
system that is less costly in present value terms, let us use the example in box A. 
To obtain the benefits of the new car, the purchaser must make substantially 
higher payments in the first three years than would be necessary to obtain the 
used car. The difference is shown below: 

Year 

1 
2 
3 

New 

7,570 
7,620 
7,673 

Used 

3,814 
3,939 
4,070 

Differen~ 

3,756 
3,681 
3,603 

The present value of this difference (discounted at 15 percent) is $8,400. Thus, 
the buyer must arrange a 15 percent loan of $8,400 with a levelized repayment 
schedule that begins in year 4. He uses the money during years 1 through 3 to re
duce his annual cost to the level of the used car option, and then begins repaying 
the second loan. The results are shown below: 

Year Capital Operating 

1 6,570 1,000 
2 6,570 1,050 
3 6,570 1,103 
4 1,158 
5 1,216 
6 1,276 
7 1,340 
8 1,407 
9 1,477 

10 1.551 
11 1,628 
12 1,710 

Present Value 

There is another equally important role 
for the political decision maker, and here 
the scientist can provide assistance. The 
decision maker must contribute to a col
lective public decision about the risk 
society is willing to take that a low-proba
bility scenario will actually occur. Here, 
the decision maker must learn from the 
scientist what the expected benefits would 
be if events were more favorable than ex
pected {for example, if oil prices soared 
or if load growth increased at twice the 
expected rate) and what the losses would 
be if events were Jess favorable than ex
pected (if major cost overruns occurred 
or if load growth was much slower than 
expected). Scientists must prepare and 
present their analysis so that these kinds 
of questions can be understood and man
aged by decision makers. It is critical that 
politicians know, for example, what the 
probability of a realistic "worst case" 
scenario is ( 1 or 10 percent?) and what 
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Special Loan ($8,400) 

Use Repayment Total 

(3,756) 3,814 
{3,681) 3,939 
{3,063) 4,070 

2,683 3,841 
2,683 3,899 
2,683 3,959 
2,683 4,023 
2,683 4,090 
2,683 4,160 
2,683 4,234 
2,683 4,311 
2,683 4,393 

21,644 

the expected loss would be {half a billion 
dollars or 10 billion dollars?) if it occurred. 

SOME UNANSWERED QUESTIONS 

Having said all of this, let us consider 
some related questions. One concerns the 
other disciplinary research that has been 
done in connection with Susitna, such as 
the extensive fisheries research, geotechni
cal investigations, and hydrology studies. 
This represents much more rigorous and 
"solid" science than economics. I am less 
familiar with the substance of this research 
and imagine there is far less play of judg
ments and values in its technical aspects. 
Thus, there is a more restricted role for 
political decision makers in determining 
the various expected values-that is, in 
establishing the probability of encounter
ing certain soil conditions, or the prob
ability that a returning salmon will respond 
in a certain way to altered stream flows. 
Nevertheless, the role of the policy maker 

is still crucial, for here too he/she must 
decide what risk we are willing to take 
that the expected values will not be real
ized. For example, what risk are we will
ing to take that soil conditions are not 
what they were expected to be, thus lead
ing to delays and cost overruns? Or that a 
major earthquake occurs despite the odds 
against it? Or that the impact on spawning 
salmon is much more severe than thought 
likely? Here the scientist helps the policy 
maker not only by suggesting the expected 
values but also by identifying the out
comes of a range of possible values. To 
evaluate risks, the decision maker needs 
to know the consequences and probability 
of soil conditions deviating from their ex
pected value; the consequences and prob
ability of an earthquake of a certain mag
nitude; and the consequences and prob
ability of salmon responding in ways 
other than those predicted. 

Another very general and interesting 
question is whether scientists can in fact 
dominate policy decision making, even 
though that is not their legitimate role, 
simply because the technical issues are so 
complicated, the analytical techniques so 
arcane, and the cost of data collection 
so high. There is definitely a tendency for 
this to occur, but it need not if scientists 
understand their own analyses well enough 
to explain them clearly to a larger audi
ence. It is the responsibility of policy 
makers to insist upon this high-quality 
explanation and clear interpretation of 
study results. 

A final, and imponderable, question is 
whether decision makers perform their 
role responsibly. Will decisions concerning 
the long-term future of the state in fact 
be made with a considered assessment of 
the long-term public interest? Or will de
cisions be expedient and temporizing, 
based on such considerations as political 
appeal at reelection time? Susitna is a 
highly symbolic project-electric power, 
energy, development, industrial growth, 
and prosperity-and there is a tendency 
for legislative action and deliberation to 
occur at a symbolic level. But I also be
lieve that important decisions about the 
project will ultimately be made on the 
basis of honest and good-faith assess
ments of the long-term public interest. 

Certainly the quality of public decisions 
is very much dependent upon the quality 
of scientific research available and, equally 
important, upon the effort scientists 
make to present their research in a man
ner that is understandable by and useful 
to decision makers. + 
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This Symposium on Arctic Maritime 
Policy and Development will be held 
reasonably close to the Arctic-in Bethel, 
Alaska (60° 47' 30" N)- on 17-19 April 
1985. According to the meeting announce
ment, "Locating the symposium in Bethel 
will provide officials with the opportunity 
to meet with the people of the Yukon
Kuskokwim Delta and the Arctic Coastline 
[and] to see firsthand the environment 
under discussion." The organizers have en
couraged authors from government and 
industry to submit papers in the areas of 
federal, state, or aboriginal positions on 
maritime policy; the relationship of arctic 
people to the arctic maritime environment; 
renewable resources; and nonrenewable 
resource development. The conference 
coordinator is Suzanne Fenn of Kusko
kwim Community College, P.O. Box 368, 
Bethei,AK 99559; phone (907)543-2621. 

**** 

Arctic '85 is a National Specialty Con
ference of the American Society of Civil 
Engineers scheduled for 25-27 March 
1985 at the Sheraton Palace Hotel, San 
Francisco, California. The interdiscipli
nary conference is cosponsored by 
ASCE's Waterway, Port, Coastal, and 
Ocean Division; Technical Council on Cold 
Regions Engineering; and the San Fran
cisco Section. Over 160 papers will be 
presented and discussed at the conference. 

The theme of the conference is "Civil 
Engineering in the Arctic Offshore." It 
will cover civil engineering aspects of re
covering oil and gas reserves beneath the 
Arctic and subarctic oceans. The purpose 
of the conference is to provide a forum to 
describe the present state of practice, con
sider emerging concepts and require
ments, define research and development 
needs, and provide a critique of under
graduate and graduate programs' effective
ness in preparing and motivating civil en
gineers to take up and assume leadership 
roles in developing the arctic offshore. 

Preconference registration will be $215 
for ASCE members and $265 for non
members, which includes a copy of the 

40 

conference proceedings, luncheon, ice
breaker, and coffee/beverage service each 
day. A spouses' program, including tours 
of San Francisco and Sausilito, is also 
planned. 

For a copy of the conference program 
brochure, write to Elizabeth Yee, ASCE, 
345 East 47th Street, New York, NY 
10017-2398. 

For more detailed information than 
the brochure offers, contact F. Lawrence 
Bennett, School of Engineering, Univer
sity of Alaska-Fairbanks, Fairbanks, AK 
99701; phone (907)474-6121. 

**** 
The Conference on Northern Hydro

carbon Development Environmental Prob
lem Solving will be held 24-26 September 
1985 at the Banff Park Lodge in Alberta. 
The conference is to be combined with 
the Eighth Annual Meeting of the Inter
national Society of Petroleum Industry 
Biologists, sponsors of the conference. 

Five scientific/technical sessions have 
been planned- Exploration, Production, 
Processing, Transportation, and Case His
tories of Large-Scale Projects -plus a sixth 
session consisting of panels to discuss 
topics raised in the first five. The confer
ence registration fee of $150 (Can.) will 
cover a copy ofthe published proceedings, 
a banquet, and luncheons. 

Further information is available from 
Andrew R. Teal, Conference Chairman, 
c/o Esso Resources Canada Limited, 
237-4th Avenue S.W., Calgary, Alberta 
T2P OH6; phone (403)237-4875 or 
(403)237-3737. 

**** 
Alaska will be represented at Offshore 

Oil Development, an executive conference 
organized for 9-10 April 1985 by the En
ergy Bureau Inc., not only by speakers but 
as a topic: one featured item on the agenda 
will be cost analysis for arctic projects, 
using Sohio Petroleum's work on Endicott 
Field in the Beaufort Sea as the example. 

Although the conference will be held at 
the San Francisco Hilton, the information 
source is on the other coast: Jared Smith, 
The Energy Bureau, 41 East 42nd Street, 
New York, NY 10017; phone (212)687-
3177. 

**** 

Snow will not be the only subject con
sidered at the 42nd Eastern Snow Confer
ence; topics at past meetings of this group 
have included aspects of sea ice, lake effect 
storms, and biological roles of ice, as well 
as a truly full range of snow-related themes. 
This year's Snow Conference will include 
two special sessions-Snow and Ice Hy
drology, and Snow and Ice Research and 
Applications in Quebec (the latter espe
cially appropriate since the meeting will 
be held in Montreal, on 6 and 7 June 1985). 

Program chairman for the Eastern Snow 
Conference this year is Hilda J. Snelling, 
Chief of the Engineering Meteorology Sec
tion, USAFETAC, Scott AFB, IL 62225. 

**** 

Artificially freezing ground is a tech
nique increasingly used to stabilize earth 
materials and control ground water seep
age, but a gap between theory and practice 
still exists. That is the stated opinion of 
the organizing committee for the Fourth 
International Symposium on Ground 
Freezing, to be held 5-7 August 1985 in 
Sapporo, Japan; the symposium's intent 
is to help close that gap. There will be 
four technical sessions- Thermal Prop
erties and Processes in Earth Materials, 
Frost Action, Mechanical Properties and 
Processes in Earth Materials, and Engineer
ing Design and Case Histories. Sessions are 
scheduled sequentially rather than concur
rently, so the full range of topics will be 
available to each participant. Several op
tional trips are also planned. 

The registration fee of ¥50,000 (about 
U.S. $200) covers the proceedings-which 
will be available at the meeting-as well as 
a technical visit to the Institute of Low 
Temperature Science at Hokkaido Univer
sity. To request details, write ISGF 85 
Sapporo, Institute of Low Temperature 
Science, Hokkaido University, Sapporo, 
Japan. 

**** 

April 15 and 16 are the dates for the 
2nd Alaska Transportation Forum, which 
will include formal presentations as well 
as a daily open forum for general discus
sion. Details were scant at press time, but 
all should be set by the time you read this. 
Write VA TC Advisory Committee, Civil 
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Engineering Department, 133 Duckering 
Bldg., University of Alaska-Fairbanks, 
Fairbanks, AK 99701; (907)474-1241 is 
the departmental phone number. 

e publications 

Man-Induced Land Subsidence is the 
newest volume in the Reviews in Engineer
ing Geology series of the Geological Soci
ety of America. The GSA announcement 
describes the nine papers in the book as 
falling into three categories: fluid with
drawal from porous media, drainage of 
organic soil, and collapse into manmade 
and natural cavities -evidently northern
ers' problems with thawed ground are not 
specifically covered. However, if it's not 
departing permafrost or ice lenses that are 
giving your project a sinking feeling, this 
book might be helpful. It can be ordered 
for $28 from GSA Publication Sales, P. 0. 
Box 9140, Boulder, CO 80301. 

**** 

Recently published, the Proceedings of 
the First International Muskox Symposi
um is a unique collection of 54 scientific 

e book review 

papers and abstracts presented at the Sym
posium in May 1983. Authors representing 
seven countries contributed papers on the 
physiology, systematics, ecology, popula
tion dynamics, behavior, husbandry, path
ology, and management of muskoxen. To 
order, send $20.00 U.S. and request: 
Proceedings of the First International 
Muskox Symposium, D.R. Klein, R.G. 
White, and S. Keller, eds., Biological 
Papers of the University of Alaska Special 
Report No. 4, 1984, ISSN 0161-3243. 
Available from: Editor, Biological Papers, 
Institute of Arctic Biology, University of 
Alaska, Fairbanks, AK 99701. 

**** 

The 1984-85 catalog for the Colorado 
School of Mines Press offers some classics 
("Subsurface Geology- Petroleum, Mining, 
Construction," a compilation of 87 papers 
that has been adopted as a text by 38 
universities; $28), some specifically re
gional titles ("Gold Placers of Colorado," 
a back issue of the Colorado School of 
Mines Quarterly; $6.60). and some that 
one wouldn't expect to find on a mining 
school list ("Gandhi in the Post- Modern 
Age: Issues in War and Peace"; $7.50). 

In general, the CSM Press offers many 
short works, with the bulk of them re
lated to mining geology and engineering. 
The catalog is free on request from the 
Colorado School of Mines Press, Publica
tions Center, Golden, CO 80401. 

enoted 

Our first annual Concise is Nice award goes 
to the firm of Peratrovich, Nottingham & Drage, 
Inc., engineering consultants in Anchorage, for 
the eloquent holiday card reproduced above. 
We believe it truly conveys a great deal about 
engineering in the north, as well as about the 
firm's undull times and undampened spirits. 

The Alaskan Beaufort Sea: Ecosystems and Environments 

the various lease sales-but are presented as "some highlights of 
recent studies," according to the Introduction. As such, the book's 
value will depend on the reader's specific interests. Kenneth 
Dunton's chapter on the carbon budget of an arctic kelp com
munity, for example, is likely to be a much-cited contribution if 
only because there are very few similar studies of macroalgae at 
extremely high latitudes. To link such studies to the direct con
cerns of companies interested in developing the offshore resources 
and of agencies charged with protecting the arctic environment 
requires some extrapolation, and will require further research for 
more exact answers: the kelp is important to the life of the Boul
der Patch, but how important is the Patch to Stefansson Sound? 
And how sensitive is the kelp to different perturbations? 

Edited by Peter W. Barnes, Donald Schell, and Erk Reimnitz 

1984, Academic Press(Harcourt Brace Jovanovich, Publishers); 460 pp.; 
$39.00; hardcover. 

The Alaskan Beaufort Sea is a collection of 21 papers written 
after the zenith of the National Oceanic and Atmospheric Admin
istration's Outer Continental Shelf Environmental Assessment 
Program, which brought together about 100 scientists from many 
different disciplines. Since much of the research was done under 
the severe time constraints imposed by leasing schedules, the 
results often remained in the gray literature, known only to 
government agencies involved in the leasing process or to industry. 
This volume presents some of the findings from this unique en
vironment so that they are accessible to the scientific community, 
but the broad scope of the materjal will also be of interest to mana
gers of public and private lands, conservationists, and developers. 

The volume is organized into four sections. The first section, an 
introduction to the Beaufort Sea, is followed by 13 chapters de
scribing the physical environment of the area: meteorology, ocean
ography, offshore permafrost, sea ice, and geology. Built on this 
physical framework, the chapters in the biological section cover 
topics ranging from microbiology up through the food chain to 
birds and mammals. The final section deals with the potential im
pact of humans as they move to extract oil from offshore areas. 

The combined chapters do not constitute a synthesis volume
several of these already exist, prepared as interim documents before 
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The section likely to be read first by industry and agency peo
ple is "Man's Interaction" -which contains only one chapter, on 
oil's interaction with arctic sea ice. Author Donald Thomas pre
sents a thorough review (40 references are listed) and a clear dis
cussion ranging from the first effects of a blowout to how ice 
characteristics would affect cleanup methods. 

Though the book's contents are well edited for readability, it 
is not easy to read-the text evidently was reproduced from 
"letter-quality" printout with tight spacing and heavy imprinting. 
The end result looks especially tacky compared to the properly 
typeset front matter and index; combined with the glossy paper 
used, it virtually guarantees eyestrain for anyone who reads more 
than one chapter at a sitting. 

But the absence of beauty is only skin deep, and this book is a 
valuable addition to the open literature on a challenging and im
portant sector of the globe. -Editor 
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eletter 
Weather or Not? 

Editor: 
I read with interest Dr. Bowling's article on "The Fairbanks 

Monsoon" in the Summer 1984 issue of The Northern Engineer. 
I was aware of the summer maximum of precipitation, but not 
of the details which she presents so clearly. 

I do find her title and her use of the word "monsoon" dis
turbing. "Monsoon" is derived from the Arabicmausim, a season. 
It is a name for seasonal winds. I am well aware that, by exten
sion, many people also refer to rainfall regimes exhibiting a 
summer-wet, winter-dry regime as monsoon rains, or even 
simply as a monsoon. However, there are locations, such as the 
summer continental heat lows of southeast Asia and Africa, which 
display a seasonal wind shift, but no summer precipitation 
maximum. There also are locations which show a characteristic 
seasonal shifting of winds, but offer a winter precipitation 
maximum. Finally, some places show a distinct precipitation 
maximum, yet are clearly not affected by a monsoon wind 
regime. 

I do note, though, that Dr. Bowling uses quotation marks 
around "summer monsoon" in the first line of her penultimate 
paragraph. Also, Webster's Ninth New Collegiate Dictionary, 
published by Merriam-Webster, Inc., gives as the third definition 
"rainfall that is associated with the monsoon." 

The question now might be whether the winds of Fairbanks 
exhibit a seasonal shift characteristic of a monsoon. Colin 
Ramage, in his text "Monsoon Meteorology," published in 1971 
by Academic Press, Inc., gives four criteria: 

1. The prevailing wind direction must shift by at least 
120° between January and July. 

2. The average frequency of the prevailing direction 
must exceed 40% in those two months. 

3. In at least one of the two months the mean resultant 
wind must exceed 3 m sec_,. 

4. Cyclone-anticyclone alternations must not exceed 
one every two years in either month for a 5° !at
long rectangle. 

According to the limited data available to me ("Climates 
of North America," Vol. II in "World Survey of Climatol
ogy" published by Elsevier; see table XV on p. 142). the first 
criterion is satisfied, but not the third. My admittedly limited 
experience in Fairbanks leads me to suspect that the second and 
fourth criteria also would not be satisfied for the Fairbanks 
area. I feel that the use of the word "monsoon" is both in
correct and misleading in the context of Dr. Bowling's article. 
The summer rain maximum of Fairbanks is not associated with 
a monsoon wind regime. 

The strong summer maximum and the wintertime "cold-dry 
and warm-wet weather," using Dr. Bowling's words, are due 
primarily to the fact that the atmosphere is able to hold (and 
release) vastly larger amounts of water when the air is warm. 
The saturation vapor pressure of air increases exponentially with 
temperature. Also, I suspect that frontal and mesoscale dis
turbances are at least as frequent in summer as in winter (Dr. 
Bowling is better able to check this than 1). Thus, a pronounced 
summer maximum of precipitation should be expected, whether 
the wind behavior is monsoonal or not. 

This does not explain the relative minima of precipitation in 
late February and late March, nor the abrupt increase in amount 
in June and decrease in amount in September. Perhaps a place 
to begin looking for clues is in a study of the frequencies and 
tracks of the disturbances, cyclonic and otherwise, which yield 
significant amounts of precipitation. 

There has been controversy as to whether monsoons exist in 
high latitudes. At least one investigator (Khromov, S. V., 1957: 
Die geographische Verbreitung der Monsune. Petermanns Geogr. 
Mitt., 101, 234-237) designates the south coast of Alaska (but 
not the Fairbanks area) as "monsoonal." 

My congratulations and gratitude are expressed to Dr. 
Bowling for starting what I expect to be a continuing series of 
interesting and informative articles on the weather of Fairbanks 
in particular and the northern latitudes in general. I look for
ward to reading many other articles. 

Aylmer H. Thompson 
Professor, Meteorology 
Texas A & M University 

Now you see it, now you don't? Murky-looking sediment and ice floes piled against the shoals outline part of the evasive Dinkum Sands (discussed 
in the article beginning on p. 4). At center left, two small boats (the dark quotation-mark shapes at the arrow) can be seen drawn up to an above-water 
portion of the feature. This photograph, taken during the summer, is a segment of an air photo mosaic provided by Ocean Technologies, Anchorage. 
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