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ICE GROWTH ON POST POND, 1973-1982 

Anthony J. Gow and John W. Govoni 

INTRODUCTION 

The purpose of this report is to summarize sev
eral years' measurements of the growth and dissi
pation of ice covers on Post Pond in Lyme, New 
Hampshire. These measurements were performed 
in conjunction with the authors' studies of the 
physical, structural and mechanical properties of 
temperate lake ice, centered on investigations at 
Post Pond. This work was directed towards un
derstanding the bearing capacity and trafficability 
characteristics of lake ice sheets. These properties 
depend to a large degree on the structural makeup 
of the ice, which reflects the condition under 
which the ice sheet grows, matures and decays. 
Results of observations obtained since our studies 
were initiated in the winter of 1973-74 are con
tained in a series of reports mainly devoted to the 
mechanical and physical properties of Post Pond 
ice (Gow and Langston 1975, Gow 1977, Gow and 
Langston 1977, Gow et al. 1978, Gow, in press). 

Beginning with the winter of 1973-74 the growth 
and decay of ice on Post Pond has been monitored 
each year to the present. Observations have in
cluded ice thickness measurements, identification 
of the various ice types contributing to the ice cov
er, and measurements of meteorological parame
ters for correlating with and modeling ice growth. 
The major objectives of the work described in this 
particular report were 1) to determine the variabil
ity in the timing and duration of freeze-up and 
dissipation of the ice cover on Post Pond, 2) to 

ascertain the nature of the ice growth and decay 
process on the pond, 3) to evaluate year-to-year 
variations in winter air temperatures at Post 
Pond, and 4) to examine the relationship of ice 
growth to freezing degree-days ( °C) measured at 
Post Pond and at CRREL. 

LOCATION OF STUDY 

In 1968 Parrott and Fleming (1970) established 
a CRREL test facility on Post Pond for investigat
ing the year-round thermal structure of Post 
Pond; this facility has continued to be used for a 
variety of ice-related projects. Post Pond (Fig. l) 
is a small eutrophic lake of glacial origin situated 
approximately 3 km north of the town of Lyme, 
New Hampshire, and about 20 km from CRREL. 
The pond is in a region of cool temperate climate 
with a mean annual temperature of + 7 oc and 
with minimum temperatures as low as -35 °C. It 
covers approximately 0.46 km 2

, has a maximum 
depth of about 12 m, and is thermally dimictic, 
i.e. it generally circulates twice a year Trout 
Brook, the major stream entering Post Pond, is 
located less than 300m from Clay Brook, the ma
jor outlet stream, which ultimately flows into the 
Connecticut River several kilometers northwest of 
Post Pond. Details of the origin, physiographic 
setting, hydrology and thermal characteristics of 
Post Pond were given by Ragle ( 1963) and Parrott 
and Fleming (1970). 



Figure 1. Air photo of Post Pond, showing locations of the 
primary ice-thickness measurement sites. 

s 

Figure 2. Vertical section through an ice cover as seen in the side view of a 
large beam cut from the ice. The section shows snow ice (S) overlying lake ice con
taming several distinctive layers of entrapped air bubbles. In Lhis instance the amounts 
of snow ice and lake tee are abour equal. 
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Figure 3. Vertical thin sections of ice from P ost 
Pond showing stratigraphic (a) and structural (b) 
characteristics. The layering in a is the result of air 
bubbles in the ice. In b, photographed between crossed 
polaroids to reveal the crystalline texture of the ice, the 
transition between snow ice (on top) and lake ice is espe
cially well marked. The lake ice is composed en!irely of 
large, prismatic crystals with vertical c-axes. In this sec
tion several episodes of snow-ice formation can be dis
tinguished on the basis of grain-size differences. 
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STUDY METHODS 

Ice thickness 
Each season, ice thickness measurements were 

initiated at the edge of Post Pond and continued 
until the ice was thick enough to establish sam
pling sites farther out on the lake. In 1973-74 
these measurements were made at a large number 
of locations, mainly to determine variations in ice 
thickness with location on the lake. There were no 
significant variations in ice thicknesses measured 
at sites located 25 m or more from the shore (Gow 
and Langston 1977) (Fig. AI). Accordingly all 
subsequent measurements of ice thickness were 
obtained by averaging measurements made weekly 
at three or four locations along a line beginning 
about 25 m offshore and extending just beyond 
the center of the lake (Fig. I). The majority of ice 
thickness measurements were obtained from holes 
drilled through the ice sheet. These data were sup
plemented with measurements made in connection 
with in situ testing of large ice beams (Gow and 
Langston 1975, Gow et al. 1978) and on blocks of 
ice used for investigating the crystalline structure 
of the ice sheet at different stages of its growth. 

Ice-cover composition 
Post Pond ice covers are typically composed of 

two kinds of ice: lake ice and snow ice. Lake ice is 
formed as lake water freezes to the underside of 
the ice cover. Snow ice is formed on top of the ice 
sheet as water-soaked snow freezes. (Sometimes 
the terms "white ice" and " black ice" are used 
for snow ice and lake ice, respectively, but the lat
ter terms are preferred here because of their ge
netic significance.) The two types of ice are readily 
distinguished visually in the walls of a hole drilled 
into the ice cover or on a block cut from the ice 
sheet. The differences observed in an ice beam 
(Fig. 2) are demonstrated even more vividly in a 
vertical thin ( < 0.5 mm) section of the ice sheet 
placed between crossed polaroids (Fig. 3). The 
small equant crystals and abundant air bubbles in 
the snow ice are easy to distinguish from the 
coarse-grained, vertically elongated crystals of the 
underlying lake ice. Snow ice always forms by the 
infiltration and freezing of water in snow. Me
chanisms by which water infiltrates snow on Post 
Pond include uprise of lake water through cracks 
in the ice, downward percolation of rainwater, 
snowmelt, and discharge of flood water onto the 
snow-covered lake ice from streams along the 
sho re, particularly Trout Brook. Since water
soaked snow usually freezes from the top down, it 
is not uncommon to find layers of unfrozen water 
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Figure 4. Ionic (electrolytic) conductivity profile 
obtained on meltwater samples from the Post 
Pond ice cover, 18 January 1974. 

sandwiched between lake ice and snow ice. These 
mechanisms and their impacts on snow ice forma
tion on Post Pond were discussed in more detail 
by Gow and Langston (1977). A detailed discus
sion of the structural characteristics of the lake ice 
is beyond the scope of this report. Suffice it to say 
that the crystalline structure of Post Pond lake i.:e 
has remained remarkably constant from winter to 
winter. As indicated in Figure 3 this structure is 
dominated by the growth of large, vertically 
elongated crystals with vertical c-axis orientations 
(Gow 1975). 

As demonstrated by Gow and Langston (1977) 
the natural freezing of lakes usually leads to sig
nificant partitioning of the chemical constituents 
in the water. Figure 4 demonstrates the extent to 

4 

which soluble ions are rejected by the freezing of 
water with an original ionic conductivity of 60-80 
p.mho/cm. Only the snow ice shows an elevated 
conductivity. In this instance the lake itself was 
the source of infiltrating water, and it constituted 
about 20% by volume of the snow ice. 

Surface air temperatures 
During October 1974 a standard instrument 

shelter was erected on the edge of Post Pond. This 
shelter was equipped with a seven-day, clock
driven, mechanical hygrothermograph for meas
uring air temperatures continuously throughout 
the winter and maximum and minimum thermo
meters for calibration. Excellent records were ob
tained during the winters of 1974-75 and 1975-76. 
Unfortunately these measurements had to be ter
minated during the 1976-77 winter because of re
peated vandalism. However, a comparison of 
records obtained at Post Pond with those routine
ly measured at CRREL, 20 km south, revealed no 
significant differences in average daily tempera
tures between the two sites. (An earlier analysis by 
Gow and Langston [ 1977], based mainly on air 
temperature records from the Dartmouth College 
Weather Observatory in Hanover, New Hamp
shire, had indicated that winter daily temperatures 
at CRREL might average as much as 0.5 oc warm
er than those measured on Post Pond, but more 
recent measurements indicate that this is not the 
case.) Accordingly we have depended on tempera
tures measured at CRREL to calculate freezing 
degree-day data for analyzing ice sheet growth on 
Post Pond. 

Of primary interest here are the daily maximum 
and minimum air temperatures, which are used 
for calculating the freezing-degree-day number sd. 
This number, a very useful index of winter tem
perature regime, is usually obtained from 

T - T · sd = ooc_ max 2 mtn (l) 

where T max and T min are the daily maximum and 
minimum air temperatures, respectively. 

Day-by-day summations of Sd yield cumulative 
freezing-degree-day ( °C) records that have i?roved 
useful in demonstrating year-to-year variations in 
winter temperature regimes. In addition the con
cept of freezing-degree-days has been used widely 
in conjunction with the simple Stefan heat con
duction equation to estimate and/or predict ice 
growth on rivers and lakes (for example, Bilello 
1964, Michel 1971, Ashton 1974, 1978 and Bates 
1980). Both of these applications of freezing-



degree-day records are used in this report to 
evaluate air temperature regimes and 1ce growth 
on Post Pond for the period 1973-1982. 

FREEZE-UP AND ICE-OUT 
CHARACTERISTICS 

Freeze-up, here defined as correspondmg with 
the date that a permanent winter ice cover be-

a. Ice cover parttally established, 19 December 1974. 

c. Afidwinter ice corer, late febmwy 1975. 

comes established, is usually preceded by one or 
more episodes of freeze-over. Freeze-over occurs 
whenever the surface of a lake or a substantial 
part of it skims over \Vith ice. Occasionall} initial 
freeze-over may comc1de with freeze-up 1f air tem
peratures across the surface of the pond remain 
low enough to allow a stable ice sheet to form (4-6 
em thick). Any rapid onset of freeze-up is usually 
preceded by lower-than-normal a1r temperatures, 
which lower temperatures in the near-surface 

-
• 

b. Ic:e cover fully established, 26 December 1974. 

- - --. ~ ,. - • .,.. .. .. J 

d. Shoreline moat and fragmeming ice cover sig
nalim!. approach uf ice-our, mid-April 1975. 

Fi!!.ure 5 \ta.:!t."\ of f!,rowth and decay of the ice CO\'t?r on Post Pond durine the wimer of 1974-75. 
~ 

.) 



Figure 6. Ice-growth boundary of the kind shown in Figure 5b. The 
ice on either side of the boundary formed approximately four days apart. 

water column sufficiently close to 0 oc to encour
age early formation of a stable ice sheet by direct 
freezing of the lake water. Such a sheet usually 
grows several centimeters thick before any signifi
cant accumulation of snow occurs. The effect of 
snow is twofold: while it impedes lake ice growth 
by virtue of its insulating properties, it can, when 
infiltrated by water, supplement ice sheet thicken
ing by forming snow ice. Occasionally, however, 
the onset of freezing is accompanied by snowfall 
sufficiently thick to create slush on top of the 
water, which, if conditions remain cold enough, 
can freeze to form a stable ice cover. A more 
general situation on Post Pond is a progressive 
freeze-up in which separate areas of the pond 
freeze over independently before they finally 
coalesce to form a shore-to-shore ice cover. De
pending on the weather pattern in any particular 
year, as much as a month may elapse between the 
initial appearance of ice on Post Pond and final 
freeze-up. Following freeze-up the ice sheet con
tinues to grow downward by freezing of the lake 
water (a process sometimes referred to as congela
tion) and upward by the formation of snow ice. 

Dissipation of the ice cover on Post Pond usual
ly begins during the latter part of March and is 
usually complete by the third week of April. This 
process is dominated initially by surface melting 
until the ice sheet becomes thin enough ( < 20 em) 
and so weakened by candling (gross mechanical 
weakening of the ice cover by preferential melting 

6 

along the grain boundaries of the component crys
tals) that even light winds can cause it to disinte
grate. Occasionally Post Pond will clear itself of 
ice by wind rafting and pile-up of ice sheet frag
ments along the shore. The final disappearance of 
ice from the pond is defined as ice-out. Ice-out 
and freeze-up characteristics vary from year to 
year and are treated in greater detail in subsequent 
sections of this report. 

The sequence for the winter of 1974-75 (Fig. 5) 
is fairly typical of the ice growth and decay on 
Post Pond. A close-up view of the boundary sepa
rating ice that formed several days apart (as shown 
in Figures 5a and b) is given in Figure 6. On 26 
December some unusual circular structures, up to 
2 m in diameter, that had formed in ice less than 5 
em thick were observed (see cover). These struc
tures were all located within 200 m of the shore 
along the northern edge of the pond. In a number 
of cases the top of the ice extending for some dis
tance beyond the edges of the structures was dis
tinctively ripple-marked. Though the structures 
were not observed as they formed, the occurrence 
of the ripples, together with observations made on 
vertical sections of several of the structures them
selves indicate that they originated as melt holes 
resulting from the upwelling and overflow of 
warm water, possibly from springs on the bottom 
of the pond. The subsequent refreezing of water in 
the melt holes probably exerted sufficient pressure 
on the thin ice at the edges of the holes to create 



the radiate crack patterns. Similar structures were 
occasionally observed in subsequent winters, but 
never in ice thicker than 5 em and never in the pro
fusion that was observed on 26 December 1974. 

RESULTS AND DISCUSSION 

Ice-growth records 
Ice-growth histories, regional surface air tem

peratures, and summary accounts of each year's 
ice growth and dissipation are presented in Appen
dix A . The overall shapes of the growth and decay 
curves show some variation, mainly in the lag be
tween the attainment of maximum ice thickness 
and the onset of melting. The average ice-growth 
velocities varied from 5 mm/ day ( 1979-80) to 9 
mm/ day (1980-81). By contrast the average ice 
dissipation rates varied from 17.5 mm/ day (1975-
76) to 23 mm/ day (1977-78). These data and the 
records in Appendix A show that once ice loss be
gins, it occurs three to four times as fast as ice 
growth. The ice cover usually dissipates without a 
break until the ice cover has completely disap
peared. Occasionally a period of substantial melt
ing may be interrupted by resumption of ice 
growth followed by renewal of ablation (e.g. 1978-
79 and 1980- 81). The premature thaw beginning 
the second week of February 1981 is especially 
well documented since it resulted in thinning of 
the ice from 59 to 30 em in about 10 days (Fig. 
A8). In 1979-80 the ice grew fairly uniformly (5 
mm/ day) until it reached its maximum thickness, 
which was followed almost immediately by virtu
ally uniform thinning of the ice at a rate four times 
that of ice growth (20 mm/ day). A case of "lev
eled out" growth is exemplified by the winter of 
1977-78. Beginning with freeze-up the ice grew at 
a nearly uniform rate of 8.6 mm/ day until it was 
62 em thick (about 10 weeks later); it did not reach 
its maximum thickness (67 em), however, until 
nearly five weeks later. This was followed by rapid 
melting at a rate that averaged 23 mm/ day. 

Lake ice was the predominant ice type on Post 
Pond for the period 1973- 1982. The contribution 
of snow ice to the total ice thickness varied from 
50% in 1975-76 to less than 7C1Jo in 1980-81. The 
total ice thickness varied from 45 em in 1973-74 to 
67 em in 1977-78 and 1981-82. 

The major ice events for 1973- 1982 are listed in 
Table 1, which shows that freeze-up can occur as 
early as the end of November or as late as the 
fourth week of December. Dates of maximum ice 
thickness are highly variable, ranging from 9 Feb
ruary to 24 March Ice-free dates were all m April, 
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Table 1. Post Pond ice-cover data. 

Max. 1ce 
Freeze-up thickness Max. ice Ice-free 

Wmrer date (em) date date 

1973-74 17 Dec 45 24 Feb 19 Apr 
1974-75 26 Dec 47 10 Mar 20 Apr 
1975-76 17 Dec 60 16 Mar 20 Apr 
1976-77 29 Nov 52• 15 Feb N.D. 
1977-78 10 Dec 67 24 Mar 29 Apr 
1978-79 13 Dec 58 24 Feb 13 Apr 
1979-80 18 Dec 54 12 Mar II Apr 
1980-81 6 Dec 59 9 Feb 7 Apr 
1981-82 14 Dec 67 15 Mar 27 Apr 

• Thickness data unreliable because of activities of ice fisher-
men, leading to widespread depress1on and flooding of the 1ce 
cover. 

Table 2. Duration of ice cover on Post Pond. 

Time from Ttme from 
freeze-up to max. thickness DuratiOn of 

max. thtckness to ice-out tee cover 
U. mter (days) (days) (days) 

1956-57• 82 57 139 
1968-69t 88 42 130 
1973-74 70 54 124 
1974-75 75 41 116 
1975-76 91 35 126 
1976-77 .. 
1977-78 105 36 141 
1978-79 74 48 122 
1979-80 86 30 116 
1980-81 65 57 122 
1981 -82 92 43 135 

• Data from Ragle {1963). 
t Data from Parrott and Fleming ( 1970). 

•• No reliable data available. 

with the earliest on 7 April and the latest on 29 
April. There appears to be no systematic relation
ship between these events, at least not of a predic
tive nature, implying that these events are con
trolled solely by weather. 

Table 2 shows the time to maximum ice thick
ness a nd the ice cover duration for each winter 
from 1973 to 1982. The time from freeze-up to 
maximum ice thickness varied from 70 days to 105 
days. The duration of the 1ce cover ranged from 
116 to 141 days, and the ume between the ice max
imum and 1ce-out varied from 30 to 57 days. 

Trapped air bubbles are characteristic of ice 
formed from lake water; layers of bubbles can be 
seen in the stratigraphic sect1on in Figure 3. In this 
instance very rapid freezing between 22 and 25 De
cember 1973 led to the formation of a distinctive 
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Figure 7. Stratigraphic sections illustrating sequential growth and decay of the 
Post Pond ice cover (1973-74). All sections are referenced to the top of a diagnostic 
bubble zone marked by an arrow beside section A. 
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Figure 8. Stratigraphic sections demonstrating the 
nature of ice loss on Post Pond (1982). All sections 
are referenced to the bottom of a ve1y thick snow-ice 
layer. 

bubble zone (between the arrows in Figure 3). Be
cause this bubble zone could be traced across the 
entire lake, it was used as a reference layer for 
monitoring all subsequent growth and decay of 
the ice cover, both from above and below. 

Ice blocks excavated during the 1973-74 winter 
allowed the major ice events to be reconstructed 
(Fig. 7). Between sections A and B was a warm 
period at the end of December, and 2 em of ice 
was lost from the top. This loss was subsequently 

8 

balanced by the growth of 2 em of ice on the bot
tom. Section C reflects both an addition of snow 
ice on the top and continued growth of ice on the 
bottom. The snow ice formed from the freezing of 
water that had infiltrated snow that fell between 9 
and 11 January. With further periodic accretion 
of snow ice and continued freezing of lake water 
at the bottom, the ice cover continued to thicken, 
as indicated in sections D and E. Section E repre
sents the Post Pond ice sheet at its thickest, when 
it was composed of 13 em of ice and 32 em of lake 
ice. By 26 March the ice sheet had thinned from 45 
em to 40 em, entirely as the result of snow ice 
melting from the upper surface. An additional 13 
em of ice was lost by 4 April (section G), including 
all the snow ice. Only 21 em of ice remained by 11 
April , by which time the ice had begun to candle. 
Mechanical degradation of ice by candling, lead
ing to increased permeability to water, is a major 
factor in the final disintegration of Post Pond ice 
covers. 

Ice is lost both from the top and bottom by 
melting (Figs. 7 and 8). Melting from the top pre
dominates as the ice sheet begins to melt on Post 
Pond, particularly for ice covers with thick snow 
ice. In some years melting from the top surf~ce ac
counted for as much as 70o/o of the total ice loss 
immediately preceding candling and final disinte
gration of the ice sheet. These observations for 
Post Pond are in general agreement with those of 
Williams (1966) for Canadian lakes. 

For comparison with Post Pond, ice thicknesses 
were measured on several other lakes m New 
Hampshire and Vermont, all within 30 km of Post 



Table 3. Maximum ice thickness (em) for selected lakes in New Hampshire and Vermont (1973_1982). 

Post Pond Mascoma Lake Canaan Street LIJke Crystal Lake Lake Morey Winter Lake Fa1rlee (Lyme, N.H.) (Enfield, N.H.) (Canaan, N. H.) (Enfield, N.H.) (Fairlee, Vt.) (Fairlee, Vt.) 

1973-74 
Snow ice 13 13 
Lake ice 32 38 
Total 45 51 

1974-75 
Snow ice 09 30 24 24 06 Lake ice 20 38 34 25 23 36 29 Total 47 64 49 47 42 1975-76 49 

Snow ice 30 20 24 22 21 36 Lake ice 30 41 29 26 30 25 Total 60 61 53 48 51 
1976-77 61 

Snow ice 18 24 07 14 
Lake ice 37 32 37 33 
Total 55 56 44 47 

1977-78 
Snow ice 17 26 32 25 18 25 
Lake ice 50 52 41 45 49 41 
Total 67 78 73 70 67 66 

1978-79 
Snow ice 23 24 23 27 21 24 
Lake ice 35 35 34 29 33 22 
Total 58 59 57 56 54 46 

1979-80 
Snow ice 5 9 6 8 9 12 
Lake ice 49 50 45 51 48 49 
Total 54 59 51 59 57 61 

1980-8 1• 
Snow ice 4 10 2 7 5 9 
Lake ice 55 32 46 42 47 35 
Total 59 42 48 49 52 44 

1981 -82 
Snow ice 31 44 54 38 32 39 
Lake ice 36 20 20 31 29 23 
Total 67 64 74 69 61 62 

• Except for Post Pond all the ice thickness data were obtained during the latter part of January 1981 before these lakes had 
reached maximum thickness. An unusually early and severe thaw during February 1981 prevented measurements of maximum 
ice thickness on these lakes. 

Pond (Table 3). Because of differences in topog
raphy and exposure, some lakes accumulate less 
snow, and hence less snow ice, than others. Post 
Pond, for example, usually incorporates less snow 
ice than any of the other lakes. Generally, in all 
the lakes studied, there was more lake ice than 
snow ice, but appreciable variations in the ratio of 
the two ice components can occur from year to 
year, mainly due to the regional pattern of snow
fall. The winters of 1979-80 and 1980-81 both had 
exceptionally low snowfalls in New Hampshire 
and Vermont; only small amounts of snow ice 
formed, less than 20% on all six lakes. By con
trast, in 1982-82 exceptional amounts of snow ice 
were produced; at all the lakes except Post Pond, 
the snow ice was thicker than the lake ice by ap-

9 

preciable amounts, m some cases by more than 
2:1. 

Freezing-degree-day records 
Cumulative freezing-degree-day records (0 oc 

base) for CRREL for 1973-1982 are presented in 
Figure 9. Records obtained at Post Pond for the 
winters of 1974-75 and 1975-76 are presented in 
Figure 10. Included for comparison are the ?-year
normal curve for CRREL for the winters of 1973-
74 through 1979-80, * and the 30-year-normal 

• Though the thickness data presented here include the w1nters 
of 1980- 81 and 1981 -82, plots of the first 7 years were pre
pared and the manuscript of this report substantially drafted 
before the data from 1980-81 and 1981 -82 were reduced . 
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Table 4. Post Pond freezing-degree-day (0 °C base) and ice 
thickness (em) data. 

Freezmg-degree-day totals 

At max. 
Wtnter A 1 freeze-up thtckness 

1973-74 95 590 
1974- 75 105 610 
1975-76 80 830 
1976-77 40 920 
1977-78 70 920 
1978-79 II 0 790 
1979-80 75 640 
1980-81 22 721 
1981 -82 50 855 

curve for the Hanover Cooperative Weather Sta
tion for 1941 to 1970 (U.S. Department of Com
merce 1973). The CRREL and Post Pond records 
show that Post Pond was slightly colder during the 
1974-75 winter; there were no significant differ
ences between the sites in 1975-76. The normal
ized curves show that CRREL averages about 90 
freezing degree-days colder than H anover; this 
value agrees closely with the 80 degree-day differ
ence in the 1973- 74 winter (Gow and Langston 
1977). The values are different because the 
CRREL weather station is more exposed than the 
Dartmouth (Hanover) observatory, where the 
winter temperature inversion associated with the 
elevated and sheltered position of this observator} 
moderates the air temperatures. 

Freezing-degree-day ( °C) records also demon
strate year-to-year variations in winter tempera
ture regime and trends. For example, the tempera
tures for the 1973- 74 winter at CRREL don 't de
part significant ly from the 7-year average. The 
winter of 1974- 75 was appreciably warmer than 
average. The next four winters were much colder 
than the 7-year normal; the freezing-degree-day 
indices at the end of those winters all exceed 800, 
and the index for the 1976-77 winter exceeds 950, 
a va lue close to the maximum expected for this lo
cation. The 1979-80 winter temperatures were 
higher than the 7-year normal until a cool period 
in late February ra1sed the tndex to nearl} normal. 
The end-of-,, inter tndices for 1980-81 and 1981-
82 \\ere higher than norma l. 

Freeze-up date-. can vary b} as much as a month 
(from late November to late Decem ber), and the 
freezing-degree-da~ tmals at freeze-up can also 
'ar}, depending on the ''eat her dunng autumn 
and immediate!\ precedtng 1ce fo rmalion (Table 
4). The t\\O lo\\e~t totals of freezmg degree-days 
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Between freeze-up Max. ice 
and maA. thtckness thickness 

495 45 
505 47 
750 60 
880 
850 67 
680 58 
565 54 
699 59 
805 67 

at freeze-up coincided with the earliest freeze-up 
dates recorded during the 1973- 1982 period, 29 
November 1976 and 6 December 1980. Both 
events were preceded by lower-than-normal fall 
temperatures , which ~ould promote the early 
formation of a stable ice cover 1f followed by sea
sonable December air temperatures. 

Freezing-degree-day totals at maximum ice 
thickness also varied great ly from year to year, 
ranging from 550 in 1974-75 to 920 in 1977-78 
(Table 4). The measure most closely related to ice 
growth is the freezing-degree-day total accumu
lated between freeze-up and maximum thickness; 
Table 4 shows that the thinnest (45 em) and thick
est (67 em) 1ce sheets correspond to the lo~est and 
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of 1956-57 [Ragle 1963} and 1967-68/Par
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highest freezing-degree-day totals, respectively. 
The ice thickness and the number of freezing 
degree-days between freeze-up and maximum 
thickness are linearly related over the entire range 
of ice thicknesses measured on Post Pond (Fig. 
11). Despite the two-part nature of the ice sheets 
that form on Post Pond, this relationship is not 
affected by the amount of snow ice. 

Long-term meteorological records maintained 
at the Hanover Observatory show that it is unlike
ly that freezing-degree-day totals accumulated be
tween freeze-up and maximum ice thickness on 
Post Pond would ever exceed 900 or fall below 
400. These values and the data from Figure lO 
show that the maximum ice thickness on Post 
Pond should neither exceed 72 em nor be less than 
40 em. 

Ice-growth predictions 
The simple empirical relationship for estimating 

ice thickness n(t) is 

n(t) = a$, (2) 

where ES5 is the sum of the freezing degree-days 
between freeze-up and ice maximum and a is a nu
merical coefficient. The value of a may be esti
mated from 

(3) 

where Ki is the thermal conductivity of ice, Qi is 
the ice density, and >-. is the latent heat of fusion of 
ice. The value of a for ice growth under conditions 
of perfect heat transfer is 0.000121 m s-Y2 oc-Yz. 

Because heat transfer conditions are normally less 
than ideal, an additional correction factor (3 has to 
be applied. Accordingly 

a = (3(0.000121). (4) 

For snow-covered ice sheets on lakes (3 varies from 
0.5 to 0.7 (Michel 1971). A value of 0.6 was cho
sen for Post Pond, giving a final correction coeffi
cient a of 0.00007 m s-Yi oc- Yz . 

Measured and computed ice-growth curves are 
presented in Appendix B. For most winters the 
measured and predicted values of ice thickness 
agree reasonably well. The greatest departures ap
pear to be in those years with substantial snowfall. 
From trial computations with an ice-growth equa
tion (Ashton 1978), which incorporates both the 
insulating effect of a snow cover and the heat
transfer effect of wind, it was determined that 
even a thin layer of snow or a relatively low wind 
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speed could dramatically influence the magnitude 
of ice growth. To demonstrate this effect for Post 
Pond, curves were recomputed to include the ef
fect of a 6-cm-thick snow layer and a wind speed 
of 4.5 m/s. The choice of 6 em to approximate the 
real conditions was based partly on observations 
of the snow cover on Post Pond, and partly on the 
record of snow depths measured each year at 
CRREL. The measured growth curve can be satis
factorily correlated with one of the two predicted 
ice-growth curves, depending on the winter's pat
tern of snowfall. These relationships are especially 
well illustrated in extreme years; for example, the 
actual curve and the predicted curve without a 
snow cover for the "snowless" winters of 1979-80 
and 1980-81 show excellent agreement. For the 
winter of 1975-76, which had abundant snowfall, 
ice growth predicted on the basis of a 6-cm-thick 
snow cover correlates very closely with the meas
ured ice-growth curve. 

SUMMARY AND CONCLUSIONS 

Beginning with the winter of 1973-74 the growth 
and decay of ice covers on Post Pond, New Hamp
shire, have been monitored each year to 1981-82. 
This 9-year record of observations included ice 
thickness measurements, identification of the vari
ous ice types contributing to the ice cover, and 
measurements of meteorological parameters for 
correlating with and modeling ice growth. Freeze
up, leading to the establishment of a stable ice 
cover, occurred during the 4-week period from the 
end of November to the end of December. Maxi
mum seasonal ice thickness was usually reached 
during the first two weeks of March, with times 
from freeze-up to maximum ice thickness ranging 
from 65 to 105 days. Maximum measured ice thick
nesses ranged from 45 to 67 em. The regional 
freezing-degree-day ( °C) records indicate that ice 
thicknesses on Post Pond are not likely to exceed 
72 em or be less than 40 em. Ice-out, correspond
ing with the date that Post Pond loses all its ice, 
usually occurred during the second and third 
weeks of April. The time from freeze-up to ice-out 
ranged from 116 to 141 days. Ice growth com
puted on the basis of freezing-degree-day records, 
including the effects of a snow cover, yielded re
sults in reasonable agreement with observations. 

Ice growth occurs predominantly by the direct 
freezing of lake water, but snow ice, formed by 
the freezing of water-soaked snow, can account 
for as much as 50% of the total ice thickness. The 
loss of ice from Post Pond is dominated initially 



by melting from the top, which may result in as 
much as a halving of the ice thickness before bot
tom melting begins. Mechanical deterioration of 
the ice cover by candling is also a major factor in 
speeding the disappearance of ice from Post 
Pond. 

LITERATURE CITED 

Ashton, G.D. (1974) Evaluation of the ice man
agement problems associated with operation of a 
mechanical ice cutter on the Mississippi River. 
CRREL Special Report 214. AD A005030. 
Ashton, G.D. (1978) River ice. Annual Review of 
Fluid Mechanics, 10: 369-392. 
Bates, R.E. (1980) Winter thermal structure, ice 
conditions and climate of Lake Champlain. 
CRREL Report 80-2. AD A082304. 
Bilello, M.A. (1964) Ice prediction curves for lake 
and river locations in Canada. CRREL Research 
Report 129. AD 445874. 
Gow, A.J. (1975) Growth characteristics of ice on 
a temperate lake. In Abstracts of Papers Pre
sented at XVI General Assembly of the Interna
tional Union of Geodesy and Geophysics. Gren
oble, France, pp. 139. 
Gow, A.J. (1977) Flexural strength of ice on tem
perate lakes. Journal of Glaciology, 19(81 ): 
247-256. 
Gow, A.J. (In press) Contribution to physical 
properties. In River and Lake Ice Engineering 
(G. D. Ashton, Ed.). International Association for 
Hydraulic Research. 

15 

Gow, A.J. and D. Langston (1975) Flexural 
strength of lake ice in relation to its growth struc
ture and thermal history. CRREL Research Re
port 349. AD A020964. 
Gow, A .J. and D. Langston (1977) Growth his
tory of lake ice in relation to its stratigraphic, crys
talline and mechanical structure. CRREL Report 
77-l. AD A036228. 
Gow, A.J., H.T. Ueda and J.A. Ricard (1978) 
Flexural strength of ice on temperate lakes-Com
parative tests of large cantilever and simply sup
ported beams. CRREL Report 78-9. AD A054218. 
Michel, B. (1971) Winter regime of rivers and 
lakes. CRREL Cold Regions Science and Engin
eering Monograph III-B1a. AD 724121. 
Parrott, W.H. and W.M. Fleming (1970) The tem
perature structure of a mid-latitude, dimictic lake 
during freezing, ice cover and thawing. CRREL 
Research Report 291. AD 715716. 
Ragle, R.H. (1963) Formation of lake ice in a tem
perate lake. CRREL Research Report 107. AD 
433794. 
U.S. Department of Commerce (1973) Monthly 
normals of temperature, precipitation, and heat
ing and cooling degree-days, New England (1941 -
1970). Climatography of the U.S. No. 81. Nation
al Oceanic and Atmospheric Administration. 
Williams, G.P. (1966) Freeze-up and break-up of 
freshwater lakes. In Proceedings of the Confer
ence on Ice Pressure Against Structures. National 
Research Council (Canada) Technical Manual 92, 
pp. 203- 215. 



APPENDIX A: ICE-GROWTH RECORDS 
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Figure Al. Ice growth on Post Pond and the daily maximum and 
minimum surface air temperatures at CRREL for the winter of 
1973-74. (From Gow and Langston 1977.) (Thickness data from three 
other sites are included to demonstrate the small variability in ice thickness
es measured at various locations on Post Pond.) Initial freeze-over oc
curred during the night of 13-14 December. This produced a 4- to 5-cm
thick ice sheet, which melted completely during a warm period on 14 and 15 
December. A steep decline in surface air temperatures followed, leading to 
freeze-up on 17 December. The ice cover auained its maximum thickness 
(45 em) during the last week of February 1974. However, the ice sheet, 
composed of 13 em of snow ice overlying 32 em of lake ice, did not undergo 
any appreciable thinning until the second week of April. By 19 April the ice 
cover had disappeared completely. 
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Figure A2. Ice growth on Post Pond and daily maxi
mum and minimum surface air temperatures at Post 
Pond for the winter of 1974-75. Skim ice began forming 
towards the end of November, but the lake did not completely 
freeze up until the evening of 25-26 December. Freeze-up was 
characterized by independent freezing on different parts of the 
lake until it became entirely ice-covered. Maximum ice thick
ness (47 em) occurred during the second week of March. The 
ice cover, consisting of 9 em of snow ice and 38 em of lake ice, 
began thinning two or three days later and had melted com
pletely within one month (20 April). 
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Figure A3. Ice growth on Post Pond and daily maxi
mum and minimum surface air temperatures at Post 
Pond for the winter of 1975-76. The lake froze over com
pletely on 8 December but became ice-free by 12 December 
during a period of warm, rainy weather. Freeze-up occurred 
on the night of 16-17 December. A maximum ice thickness of 
60 em, including an unusually thick, 30-cm layer of snow-ice 
was measured on 16 March and was followed almost immedi
ately by thinning of the ice cover by surface melting. All ice 
had disappeared by 20 April. 
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Figure A4. Ice growth on Post Pond and daily maximum and 
minimum swface air temperatures at CRREL for the winter of 
1976-77. Sheet ice began growmg on 23 November and continued form
ing umilthe surface of the lake became completely ice-covered by 29 No
vember, the earliest freeze-up date recorded for the 9-year period of ob
servattons on Post Pond. Unfortunately, the activities of a large contin
gent of ice fishermen interfered with reliable measurements of ice 
t luck ness. 
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Figure A5. Ice growth on Post Pond and daily maxi
mum and minimum surface air temperatures at CRREL 
for the winter of 1977-78. Ice began forming around the 
edges of the lake on 8 December and continued to grow 
towards the center of Post Pond until complete freeze-up oc
curred on 10 December. A maximum ice thickness of 67 em, 
including 17 em of snow ice, was recorded on 24 March 1978 
and was followed by sustained melting, leading to complete 
dissipation by 29 April. 
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Figure A6. Ice growth on Post Pond and daily maxi
mum and minimum surface air temperatures at CRREL 
for the winter of 1978-79. During the first week of Decem
ber the ice grew outwards from the shore and attained a thick
ness of nearly 11 em before the center of Post Pond finally 
froze over on 13 December. The ice cover continued to grow 
uniformly with time until 24 February, when it reached its 
maximum thickness for the season (58 em, including 23 em of 
snow ice). The lake became ice-free on 13 April. 
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Figure A 7. Ice growth on Post Pond and daily maxi
mum and minimum surface air temperatures at CRREL 
for the winter of 1979-80. Post Pond had become 75o/o ice
covered by 17 December, 2-3 days after thejirst appearance of 
ice. Freeze-up was complete by 18 December. Ice grew rapidly 
over the next few days (15 em of ice in less than 3 days). Dur
ing the next 10 weeks the ice cover, composed almost entirely 
of frozen lake water, continued to grow at a very uniform rate 
of about 5 mmlday until it reached a maximum thickness of 54 
em, including just 5 em of snow ice, on 12 March. This was 
followed almost immediately by melting of the ice at a rate of 
about 20 mmlday, about jour times the freezing rate. By 13 
April Post Pond had become completely ice-free. 
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Figure A8. Ice growth on Post Pond and daily maximum and 
minimum surface air temperatures at CRREL for the winter 
of 1980-81. Freeze-up occurred on 6 December and was followed 
by exceptionally rapid ice growth, which averaged nearly 9 mml day 
over the next 2 months. A maximum ice thickness of 59 em, includ
ing j ust 4 em of snow ice, was measured on 9 February. This was fol
lowed by unseasonably warm weather, resulting in the loss of nearly 
half the ice cover during the next 1 I days. This in turn was followed 
by a renewal of ice growth that continued into the third week of 
March before the ice again began to melt. Ice-out occurred on 7 
Aprtl. 
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Figure A9. Ice growth on Post Pond and daily maxi
mum and minimum surface air temperatures at CRREL 
for the winter of /981-82. Freeze-up on 14 December coin
cided with sustained snowfall, leading to the formation of an 
ice sheet composed principally of snow ice in the top 20 em. 
The ice sheet grew at a rate of about 9.5 mm/ day until it 
reached a thickness of 65 em by 20 February. A maximum ice 
thickness of 67 em, including 31 em of snow ice, was recorded 
on 15 March. The lake became ice-free on 27 April. Most of 
this loss was sustained during the two-week period beginning 
14 April, when 52 em of ice was melted, equivalent to a thin
ning rate of 37 nun/ day. 
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Figure B1. Measured and computed ice-growth curves for the winter of 
1973-74 at Post Pond. The departure of the predicted ice growth from that actual
ly measured is substantially decreased when the predicted curve incorporates the ef
fect of a 6-cm snow cover. This result is in essential agreement with the snow distri
bution for this winter. 
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Figure 82. Measured and computed ice-growth curves for the winter of 
1974-75 at Post Pond. This winter was characterized by less-than-normal snow
fall, reflected by the small amount of snow ice and the generally snow-free ice cover. 
The good correspondence between actual ice growth and that predicted for snow
free ice supports these observations. 
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Figure 83. Measured and computed ice-growth curves for the winter of 
1975-76 at Post Pond. This winter had substantial snowfall, resulting in extensive 
snow ice (50% of the total ice thickness at the seasonal maximum). This agrees with 
ice growth predicted on the basis of a 6-cm snow cover, which provides a closer 
match with the measured growth than the predicted curve that neglects the effect of 
snow. 
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Figure 85. Measured and computed ice-growth curves for the winter of 
1977-78 at Post Pond. A fair correlation exists between both computed ice
growth curves and that obtained from actual measurements. The growth predicted 
on the basis of a 6-cm-thick snow cover lags consistently behind the curve of actual 
growth, but both match closely in the region of maximum ice thickness. 
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Figure B4. Measured and computed ice-growth curves for the winter of 
1976-77 at Post Pond. Correlations between the computed and measured ice
growth curves were difficult because of the activities of ice fishermen during January 
and February. However, growth of the top 25 em of ice, which formed before the 
fishermen arrived, conforms well with values predicted for the no-snow condition, a 
situation in accord with the lack of a snow cover during December 1976. 
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Figure B6. Measured and computed ice-growth curves for the winter of 
1978-79 at Post Pond. The measured ice-growth curve agrees closely with growth 
predicted for an ice sheet lacking a snow cover. This result appears at odds with the 
formation of abundant snow ice. A possible explanation, borne out by observation, 
is that the insulating effect of the snow was diminished significantly by its rapid con
version to snow ice. 
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Figure 87. Measured and computed ice-growth curves for the winter of 
1979-80 at Post Pond. This was the year of the "snowless" winter. Accordingly 
ice growth predicted on the basis of no snow cover agrees very closely with actual 
measurements of ice thickness. 
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Figure B8. Measured and computed ice-growth curves for the winter of 
1980-81 at Post Pond. The low snowfall of this winter is reflected in the good 
agreement between the measured ice growth and that predicted 017 the basis of 170 

snow. 

Figure B9. Measured and computed ice-growth curves for the winter of 
1981-82 at Post Pond. This was a season in which substantial snowfall was re
corded. Snow deposited concurrently with freeze-up led to an ice cover composed 
predominantly of snow ice in the top 20-25 em. Interestingly the measured growth 
corresponds closer with that computed on the basis of the snow-free mode/than 
that incorporating a 6-cm snow cover. This result is probably because most of the 
snow was transformed to snow ice soon after it was deposited, significantly reduc
ing its insulating effects. 
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