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Visual Metrics for the Maxton Plains Alvars in Michigan, USA
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ABSTRACT

Planners, designers, environmentalists, concerned
citizens, and government officials are interested in the
management and preservation of small rare and unique
ecological environments. Scholars have discovered that
land-use and visual quality metrics often co-vary together
and that various land-uses reside on a continuum scale
from high respondent preference (biospheric land-uses)
to low respondent preference (noospheric land-uses). This
study assessed and documented the visual metrics for the
Maxton Plains alvar/alvar grassland plant communities
found on Drummond Island, Michigan, USA. These unique,
small, and rare landscape types are not usually studied by
large-scale visual quality mapping efforts which assess
urban areas, woodlands, water, farmland, pastureland,
and prairies. The visual metrics were assessed using two
versions of predictive visual quality assessment models.
Results from 60 field photographs reveal that the visual
metrics assessment for the Maxton Plains alvars/alvar
grasslands have a moderate visual preference, consistent
visual quality scores: ranging from the low to middle

50s with the first equation and high 40s to low 50s with
the second equation. Compared to many landscape and
land-uses, these environments have scores that indicate
a moderate visual preference and appreciation. Scores
beyond + 2.5 of the mean would indicate a significant

(p < 0.05) perceivable drift from the existing conditions.
The visual metrics provide a numerical framework for
managing the spatial contents within and adjacent to the
alvars. Landscape features such as buildings, invasive
woodlands, agriculture, and pavement would all decrease
the visual quality beyond the + 2.5 score range.

KEYWORDS
Environmental Design; Landscape Architecture; Plant
Ecology; Landscape Metrics; Visual Assessment
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1 Introduction and Literature Review

In a landscape setting like Michigan, there are abundant, small, special, and unique
landscape environments and ecosystems not indicated by coarse-grained landscape
planning efforts, many of which can also be represented by their respective

plant communities. Often vegetation associations are identified as an ecosystem
characterized by its dominant plants (the most relative frequency, relative density,
relative dominance—known as the importance value), and could even be qualified
as a land use category!!. An alvar forms on a thin (< 25 cm) layer of soil, situated
and perched over flat, calcareous bedrock, such as limestone (calcium carbonate)

or dolomite (calcium-magnesium carbonate)”™”!, Alvars typically form near water
sources (the Michigan Basin, an ancient sea bed formed from the Cambrian-
Ordovician times until the Jurassic, now imbedded with freshwater lakes: Superior,
Michigan, Huron, and Erie), and experience harsh seasonal conditions, such as cold
winters, warm summers, flooding, drought, scouring winds, and occasional fire. Due
to the high soil pH, punishing disturbance regime, environmental stresses, and thin
soil, very few woody plants (phanerophytes) are able to survive and are more suitable
to hemicryptophytes, xerophytes, halophytes, and pyrophytes. Alvars are similar to
the floors of limestone quarries'™. These conditions create a unique plant community
primarily found in only two regions worldwide (northern Europe: Sweden, Estonia,
United Kingdom, and Ireland; central North America: Quebec, Ontario, Manitoba,
Michigan, Ohio, and New York, including the Great Lakes region)”""”. An alvar
grassland, usually found next to an alvar is characterized by slightly larger soil
depths and predominately graminoid cover as opposed to bare patches of ground or

U2 For the purposes of this

exposed substrate, and has been mapped in Michigan
particular study, the term “alvar” is inclusive of alvar grasslands.

Plants in Michigan alvars include grasses and sedges such as little bluestem
[Schizachyrium scoparium (Michx.) Nash], prairie dropseed (Sporobolus heterolepis
A. Gray), and bulrush sedge (Carex scirpoidea Michx.). In more mesic-like areas,
greater flattened spike-rush (Eleocharis compressa Sull.), big bluestem (Andropogon
gerardii Vitman), mat muhly [Muhlenbergia richardsonis (Trin.) Rydb.], and
cordgrass [Spartina pectinata Bosc ex (Link)] are found. Typical forbs in an alvar
include small-leaved pussytoes (Antennaria neglecta Greene), wild columbine
(Aquilegia canadensis L.), hairy rock cress (Arabis pycnocarpa M. Hoikins), harebell
(Campanula rotundifolia L.), Indian paintbrush [Castilleja coccinea (L.) Spreng.],
field chickweed (Cerastium arvense L.), low calamint [Clinopodium arkansanum
(Nutt.)], bastard toadflax [Comandra umbellata (L.L Nutt.)], prairie cinquefoil
[Drymocallis arguta (Pursh) Rydb.], common peppergrass (Lepidium virginicum L.),
rock sandwort [Minuartia michauxii (Fenzl)], wild bergamot (Monarda fistulosa L.),
balsam ragwort [Packera paupercula (Michx.) A. Love & D. Love)], early buttercup
(Ranunculus fascicularis Muhl. ex Bigelow), and old-field goldenrod (Solidago
nemoralis Aiton 1789). Common shrubs in a Michigan alvar include shrubby
cinquefoil [Dasiphora fruticosa (L.) Rydb.], common juniper (Juniperus communis

L.), chokecherry (Prunus virginiana L.), fragrant sumac (Rhus aromatica L.), and

027



B g E W AR IEILEFM (Thuja occidentalis ) . HF2
(Picea glauca) . dEETM (Pinus strobus ) F3EMNEity (Popu]us
tremuloides ) Vo LR T AL F BN LA — - b hi bl o

IEACREBERE A SRR A SR BRI B SR AR AN 8 B SR WS BRI~ 3
MU 2R A . F20ME 2RI I, SR AR I — i o e 0 e P A
oK LU BEIRSEEAE BLR AN T 0k — EL A 32 R TE . JUHAE IR A R A X 23R
b, SOUAE AR AR R AR T A R RS B0, AR AR X |
R 2 3 FRF G i 35 BE AR S TRR - - RS R TR N e R
PEAEARMIFTEN G C I UG JC AT AT R AR D 25 R Aok 1 S5 0L
CREA AR, . 14 AL, B BRI DC Tt
A N TE R ML) " R IR bR LR I 2 1 i A AR
W B R FE AN AN BRI N A S e AR A A R T
PR TR, BRR T AT 4 eI S R R 2
WV 34 2 th— BB TAFGE SORFEHRY, Horh—ANJ7 1) B 005 5
PERE

FI 201 Z2604F A QR IR AR A8 - Mok A R ATSERCR LIK, Hiftefy
SEIR B GE 25 ) RF (0 0 d F 5 A AR R 0 A T2 DG A 2 AR 2R
AWHEEL, AP ERC - H - AR T8 SR AT R 40 06 T 57 L%
SRR T T2 RS AW, EIEA PR, ZU5H ERE
BAEZARITRNIGE (IR, K2 KIKF TS ) o 248
B BB EES TV 2 AR IS G O T BT BURY, o
HIVFZ W0 SC R T2 U5 B A SR W e 4, LR (ML IET
i) Z U RO .

K A B R ML RE (MSU ) 14 A B %08 HABTE X #3014 35
WA JRIFIESE o Herh RZECR 152 U5 4 1) S 5 473 i W 8 e sl it
o SREUX Ty 2R A LB E DSR4, 52155 2 i) T
P EAER R, AR R IR SN A . B B A R
i AW, BFSEN S OECT IR AT e 2™ A2 5 A 2R fBL A s
B HHEE - WAES AN, BB SR ety (1
P AR MR ) B TR — O R T AR S T, R
R 38 I K R BOR VAN S — Bl B T BT 45 7 1 AT G B i i
B to o — TS LU AT Ll PR A T S5 LA T 5 e Y, A SR
WINPT AL ERRER Bl (RMERARRIFRR) |, IBARA RS

028

snowberry [Symphoricarpos albus (L.) S. F. Blake 1914]. Trees commonly occurring
along the edges of the alvar include northern white-cedar (Thuja occidentalis L.),
white spruce [Picea glauca (Moench) Voss], white pine (Pinus strobus L.), and
quaking aspen (Populus tremuloides Michx.). Figure 1 illustrates an alvar from
northern Michigan.

Investigators and scholars are interested in the properties and metrics of
these unique special environments, such as within alvars. Landscape metrics, the
empirical measurement of environmental variables to compare settings has been of
great interest since primarily the beginning of the twentieth century. In particular,
landscape vegetation metrics for such settings has been typically restricted to a
measure of vegetation species such as relative frequency, relative density, and relative

dominance!

31 More recently, landscapes, especially those containing human
artifacts and features such as building, roads, automobiles, utility structures, walls,
fences, and related interventions have been assessed with a wide variety of metrics,
especially related to sustainability, as reviewed recently by George H. Berghorn et al."™*),
Methods and approaches to comparing the results of various design alternatives
through the metrics have also been recently discussed'"”"*"!, In addition, investigators
have explored ordinations of built environments in the same manner that was

earlier investigated by plant ecologists”*"**, The American non-profit organization
Landscape Architecture Foundation has been deeply engaged in this quest concerning
landscape metrics®’. This quest includes measuring visual properties.

The quest to measure visual spatial properties of environments has been in full
earnest since the works of Elwood Shafer in the late 1960s****!, The literature
quickly expanded, with a paper by Ervin H. Zube et al. attempting to explain and
identify the various versions of research approaches on the topic of landscape
perception™. There was much debate and discussion. Overwhelmingly, it was noted
that respondents preferred green environments (vegetation, sky, water, and geological
formations). Many stellar researchers have contributed to this body of literature,
being recently complied and reviewed by Andrew Lothian"”. Much of the literature
focuses upon respondent preference for landscape types and then the health of the
respondents to images.

A team from Michigan State University (MSU) have focused upon other
types of visual applications. Most of the early respondent efforts were based
upon photographs or videos. It was found that drawings could not be used as the
respondents evaluated the drawing for the quality of the drawings, not the contents
of the landscape. With the advancement of digital visualization and representation
methods, there was concern that digital images may generate the same type
of response as drawings. However, Shawn Partin et al. discovered that digital
visualizations co-vary (they correlated well together) with photographic images”".
This was helpful to know because it meant that practitioners who generated digital

representations and had citizens viewing their works were obtaining responses

O BTFROEFWHNEIR, FARAHEWHIHIEE RIFELRAR .
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focused upon the quality of the design. Another study addressing a mountainous
environment and the urban landscape at the foot of the mountain revealed the visual
impact of allowing all viewsheds in the urban area to have a view of the mountains,
even a limited view"”. One more study examined the arrival cognition with visual
images when viewing from a train, suggesting that very blatant and abundant
imaging was necessary to confirm location along the route!". The team also derived
a solution to develop visual quality land-use maps that are statistically validated

33]~[35 . .
3135 However, special environments such as alvars

based upon land-use/cover
would not be presented upon such maps derived from coarsely grained grid cells,
or may be broadly classified as undifferentiated grassland/forblands. At the state
level, alvars may be comprised of only a few grid cells and not worth classifying.
This is a problem because small, unique, and special ecological environments is
often overlooked or forgotten. In Michigan, if the grid cells are 1 square kilometer,
and suppose the total area of all alvars in Michigan comprise a total of 15 square
kilometers, an alvar may only be about 0.0059% of the total land area of Michigan
(253,800 square kilometers). This is just an estimate of the percentage, because the
total extent of alvars in Michigan at a fine resolution has not been determined.

In this study, the MSU team desired to quantify the visual metrics of alvars
on Drummond Island, Michigan. The goal was not to quantify the beauty or
preference, but rather to measure the perception score for the alvar, giving a
numerical standard and numerical visual boundaries that define an alvar. What is
new is that the specific metrics of particular environments are being quantified, as
opposed to developing general, broad models of landscape preference. The visual
metrics can assist planners, designers, and conservationists in the management of

the landscape.

2 Study Area and Methodology

2.1 Study Area

Drummond Island is situated east of the state’s Upper Peninsula, near the
Canadian—-American international border, next to the province of Ontario, on
Lake Huron (Fig. 2, 3). The northern part of the island is the location of the
Maxton Plains, a part of a land holding by The Nature Conservancy. Maxton
Plains is composed of up to 4.8 square kilometers of loosely distributed boreal-like

woodlands, shrublands, alvar and alvar grassland, which is accessible by car, bicycle,

or on foot"®.

1. 201555 K RAIZ SRARIN R 1.
EWEEA, BRFIRAERTFER
LS, 2.

2. BERRESEHWFE (EHE Drummond Island (2021)

WEEN ) TELHIME (20215F 3. The location map of the five study areas for gathering

) images within the Maxton Plains alvars on Drummond
3. BHERERZRHWMFR (EHE Island (2021)

WEEMN) PENEGREXNNUE

(20214545 )

A photograph of a Michigan alvar within the study area in
2015. The trees in the background were on deeper soils.
The general location of the Maxton Plains alvars on
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2.2 Methodology

A collection of 60 photographs, gathered from 31 sample points (places were the
photographer stood), were collected for study in the summer of 2015. Images can be
found in Appendix B of a document detailing the study””. These points are spread
over five general locations (Fig. 3), each location consisting of a single, contiguous
alvar or alvar grassland.

The images were evaluated by two different equations—Equation (1) and
Equation (2)P*1P%);

Y1 =68.30 - (1.878 x HEALTH) - (0.131 x X1) - (0.064 x X6) + (0.020

x X9) + (0.036 x X10) + (0.129 x X15) — (0.129 x X19) — (0.006

x X32) + (0.00003 x X34) + (0.032 x X52) + (0.008 x X1 x X1) + (1)
(0.00006 x X6 x X6) — (0.0003 x X15 x X15) + (0.0002 x X19 x
X19) = (0.0009 x X2 x X14) — (0.00003 x X52 x X52) - (0.0000001

x X52 x X34)

Y2 = 58.98827 + (0.07725 x V2) + (0.03775 x V10) = (1.18505 x CVQ) —
(0.01074 x V32) + (0.01161 x V52) — (0.00181 x V1 x V2) - (0.00026
x V1 x V§) + (0.00134 x V1 x V10) — (0.00071 x V2 x V14) + (0.00018
x V5 x V9) - (0.00092 x V7 x V18) + (0.00025 x V8 x V14) + (0.00425
x V8 x V15) + (0.00023 x V15 x V18) — (0.00012 x V2 x V32) +
(0.000000613388 x V6 x V34) — (0.000000783802 x V8 x V34) +
(0.00117 x V11 x V52)

There are potentially many equations one could choose, but the study team
was interested in how similar these two equations might be to each other. Table
1 and Table 2 describe the variables from these equations””. The equations were
developed by a landscape researcher in the College of Social Science, MSU at a time
when past equations reached an impasse that they were primarily developed based
upon landscape aesthetics variables, being able to explain up to only about 65%
of the variance. In this case, researchers such as the team at MSU began to explore
variables that were ecological, economic, functional (built environments that serve
a purpose), and cultural aspects of images, as well as aesthetic*”*"!. The MSU team
suggested that respondents assess images similar to the values imbedded within post
post-modernism/context sensitive design'**. Some of these equations could explain
over 90% of respondent (Americans, Canadians, Portuguese, and French) variances.
The equations were also employed to assess differences in design proposals and for
landscape management*’!. A paper titled “Green vegetation and flowering plants
do make a difference: Quantifying visual quality” describe the theory and essential
findings behind these studies'*. The equations measure visual/environmental quality
upon the preference for the landscape image as perceived by the respondents. In the
development of the equations, the respondents were not told that the study is to
measure visual/environmental quality, but instead to rate the images based upon their
opinion from the most preferred image to the least preferred image. Three theories
evolved in the study: 1) respondents preferred special unique temporal elements
in the landscape such as wildlife, views of mountains, and foreground flowers; 2)

respondents were neutral in their preference for the common features of natural
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landscape elements such as sky, water, and vegetation; and 3) respondents did
not prefer intrusions of human artifacts such as buildings (even great architecture
such as Falling Water, an iconic building of architectural design by Frank Lloyd
Wright—the less of the building in the picture, the more the image was preferred),
roads, automobiles, people, utility structures, and industry. These findings are
consistent with many studies on visual quality, especially the formative work of
Rachel Kaplan and the late Stephen Kaplan, as well as the work of their former
graduate student William C. Sullivan who has since gone on to study landscape
and human health™""*"],

The equations represent the combination of variables that explain the
most variance. When developed all of the variables in the equations were
significant (p < 0.05) and were definitive (p < 0.001). Recently other equations
were developed exploring each variable in the Smyser Index as main effect terms,

squared terms, and first order interaction terms, resulting in over 90% of the

F1: 5 (1) 1582 (2) PavkE
Table 1: The listed variables in Equation (1) and Equation (2)

»iE (1) 5z (2) TE B (1) 5 (2) TE
Equation (1) Equation (2) Variable Equation (1) Equation (2) Variable
Y1 Y2 ﬁfﬁ_ﬁ'ﬂ?ﬂﬁ_ﬁ%ﬁ X15 V15 ﬁ%iﬁﬁﬁ@%
Predicted visual score Area of utilities
HEALTH cva SR ERIEE ( J’TL%Z ) ' X16 V16 A RER
Landscape health index (in Table 2) Area of boats
» v ERERE K 17 7 BN RERER
Perimeter of immediate vegetation Area of dead foreground vegetation
X2 V2 HEIEEHR TR A K V18 AP REERER
Perimeter of intermediate non-vegetation Area of exposed foreground substrate
- 3 STAMERE 19 FEHHER
Perimeter of distant vegetation Area of wildlife
X4 Vi HEERE R TR (1) PRFFRINEW: X2+ X4 + (2 x (X3 +X6));
Area of intermediate vegetation %30 V0 JFE (2) AR EM: V2+ Ve +(2 x (V3 +Vé))
Open landscapes in Equation (1): X2 + X4 + (2 x (X3 + Xé))
V5 KEER Open landscapes in Equation (2): V2 + V4 + (2 x (V3 + V6))
Area of any kind of water
- - TR (1) PROHAREU: X2+ X4 +(2 x (X1 +X17));
STAR n . N i
X6 Vé ﬁifﬁﬁﬁiﬁjve etation 2 (2) PEHAREM: V2+Vh+ (2 x (V1 +V17))
g X31 Va1 Closed landscapes in Equation (1): X2 + X4 + (2 x (X1 +X17))
3 Closed landscapes in Equation (2): V2 + V4 + (2 x (V1 +V17))
e v HEER
Area of pavement .
JiE (1) PEIFFHME: X30 - X31;
YiYanl = i 8 i . -
X8 V8 BEER X32 Va2 7z (2) ?E’Jﬁ)ﬁg. V30 - V31
Area of buildings Openness in Equation (1): X30 - X31;
Openness in Equation (2): V30 - V31
X9 ) M EER
Area of vehicles A (1) REFEFE: X30 x X1 x X7/1140;
NEER X34 Vad 7 (2) PEFEE: V30 x V1 x V7 /1140
X10 V10 A h Mystery in Equation (1): X30 x X1 x X7/ 1140;
reaofhumans Mystery in Equation (2): V30 x V1 x V7/1140
REER R —
v Areaof;moke JiRE (1) PRABITE: X7 +X8+X9+X15+X16
52 V52 JiRE (1) PRIAETTE: V7 +V8+ V9 +VI5+V16
X14 V14 EhEFEER Noosphericness in Equation (1): X7 + X8 + X9 + X15 + X16;
Area of wildflowers in the foreground Noosphericness in Equation (2): V7 + V8 + V9 + V15 + V16
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®2: RUEEIEH
Table 2: The HEALTH Index

T8 EX By TE EX =
Variable Definition Score Variable Definition Score
A BAES 1.0, -1 Bk 37k 1.0 -1
Purifies air Y Prevents soil erosion Y
B P I 10 -1 R 410 -1
Purifies water o Provides shade o
c RELTERE 10 -1 REFASK 410 -1
Builds soil resources Y Presents pleasant smells Y
D R AR B 1.0 -1 RHEEAFE 410 -1
Promotes human cultural diversity T Presents pleasant sounds Y
£ RIPFBRBIR 1.0, -1 IR LBk TR 410 -1
Preserves natural resources o Does not contribute to global warming o
F R E R AR 1.0, -1 Rt R FRE 410 -1
Limits use of fossil fuels Y Contributes to the world economy Y
fERUEY 5 R BRI RAR B BT EIWF A s
G +1,0, -1 +1,0, -1 i
Minimizes radioactive contamination Y Accommodates recycling Y IR AR EE, AR - HRE - AF
A EE - DIBRHETIEMER (SRS %
H (R BN +1,0, -1 AHTZAEER 410 -1 [42](48]) - BHBRMBEATHE (1) MAE
Promotes biological diversity T Accommodates multiple use " (2) &,
REEY 10 -1 BHFRGER 410 -1 NOTE
Provides food o Accommodates low maintenance o The index was adopted from the Smyser Index
and explained in detail by Jon Bryan Burley and
J B &) 01 My BB R Patricia Machemer (Source: Refs. [42][48]). The
Ameljorates wind P Visually pleasing P sum of the scores represents the value to be used
in Equation (1) and Equation (2).

90% (1 32 Vi #5 )7 2 fit B3I ifi FHEA 7 AR I Ak 76 T8 A B m]
Pl 12 R AR SZ Ui WA, 1 JC T E BRI 5 vh S R R R
R AT DAL FE T MR %R . SRR iy B —#E, Bk
FRIGZER T, 20 ~ 3043 (M5 ) RARIREURLF; 50 ~ 7058327 B i
4, 80 ~ 11053 F AR EE AT o AHFFE R 1 5 15 31 SR FH 1 I A6 7 A
LAY 7 % MR A T I 532

ML TP MR IRy, kAT DA AS R 2 PR - 24945 4 &
2% HRAEGRESED T ARAEER (£55) N, WATRER
A2 A 25 2R G0 T oA 7 1 AL S0 L R AR R B — ELAR M — B0 4L NAR 5y
ZRRR (£204r) , MIARERIZAESREMEEFH Mg, TR
225 (£404)) AT REREIRE A28 RGP & BUFR b SORBTAf H.
PO R0 o ISP AR A 45 SR 5 T T 2 1

ARTIFE H N A 7 R AR S MRS #34320 ~ 3040 1Y FEMRR
ZALE Ik BPAERE A S5 155330 ~ 4043 (14 GG F 2 HAy L [
MFERF ;s 155340 ~ S04 MG A K SRV 5 Ifi e LRI SR A5 43—
M50 ~ 60435 AEFEIEEFESH60 ~ 7055 F IR AL FRBEIE5> 480 ~
9043; e, LIIRMAFSTEO0 UL L. H b vl LIS, XA A1
AT AR WL i - 7 32 52 DX ) A X PR B A T30 4% . 5 P DA R R 5 0k
PRAE BB A X — 52 IX A v 0
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variance explained*"*”. The benefit of employing an equation is that the respondent
preference for a study has already been achieved (meaning one does not have to

first develop an equation to do the study) and instead one can focus upon studying
and interpreting images. Like Shafer’s equation, low scores (20 ~ 30) indicate strong
preference; while scores ranging from 50 to 70 indicate moderate preference and
scores ranging from 80 to 110 indicate low preference. The images in the study were
scored with a grid similar to Shafer™®'.

Once the images were scored, the average score for a set of images could be
computed along with the variance. Scores within a tight range (+ 5) might suggest
that the visual quality metric for the ecosystem is narrow and fairly uniform. Scores
that have larger ranges (x 20) might suggest that the ecosystem contains a wider
metric. Highly variable scores (+ 40) might suggest that the metric for the ecosystem
may be only weakly defined and flexible in content. The results for such evaluations
are simple and short.

BSIB%1 Scores in the 20s are comprised of

Both equations co-vary together
mountains, wildflowers, and wildlife. Scores in the 30s are often savanna-like
wilderness. Scores in the 40s are water scenes and forested lands; while, agricultural
lands and often grasslands score in the 50s. Residential environments score in the
60s. Usually, highly urbanized environments score in the 80s. Finally, industrial

settings score in the 90s or higher. It is clear that the equations can discriminate
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Visual quality continuum of Equation (1)

£~ © Jon Bryan Burley

4 RIEFE (1), BUERBEANSSENRREELXEFNNVE.
4. Location of the alvar in relation to the visual quality continuum based upon
Equation (1)
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FENER S, HP AR KR SR LSRR, s
LT ARAR ] (RS ) 5 ik, ASER) . AR, B
ZRNETIAICER, M 14 Bl W5 i H L BRSOl
N, AR REARLSE B a7 A i 4G e, AR EE
RIS [ RTTR (SEIE SR ICER ) —— Wl 5 i B AE AR R A9 46
I, SEPAESY) (REEE ) —— X nf 4R e B I F ™ A B AR 1
B AR S, BAAE R LT A5 5 R A 5 I3 2 1)
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amongst environments along a continuum concerning visual preference. The study

team was interested in where alvars resided in this continuum.

3 Results

Equation (1) produced a set of scores (hereafter referred to as Set 1) ranging
from 52.70 to 57.17. Equation (2) produced a set of scores (hereafter referred to
as Set 2) ranging from 47.12 to 52.67. The results from both sets suggest that the
alvar studied contained a visual quality metric that is fairly stable. The complete
list of scores and the set of images are available for examination in Emily Ives
(Prieskorn)’s thesis””. Figure 4 illustrates where the alvar scores are situated along

the visual quality preference continuum.

4 Discussion and Conclusion

4.1 Discussion

Overall, the results conform to the expectations of the study. The Maxton
Plains alvars produced two sets of low, consistent scores that reflect the anticipated
levels of visual quality and uniformity. While the score sets are somewhat
numerically close, there are indeed differences between the two equations that
allow for potentially a meaningful comparison and may offer insight into each
equation.

The results of this study are derived from the application of key concepts and
ideas imbedded in some previous visual quality investigations. These concepts
are particularly important and helpful for the examination, interpretation, and
assessment of visual quality data. The first and most salient concept is that visual
quality scores are numerically inversely related to the level of landscape preference
they represent™, It is also useful to consider the normative theories constructed
by Jon Bryan Burley, offering insights into why certain landscapes produce
certain types of scores”™. The first theory is the “biospheric preference theory,”
which suggests that respondents tend to prefer nature, nonhuman landscapes
that include common spatial elements such as vegetation, water, and sky. These
types of landscapes produce mid-to-low scores (moderate preference). Conversely,
human or built (noospheric) elements (human intrusions upon one another),
such as pavement, automobiles, walls, smoke, boats, fences, or other people, tend
to lower visual quality preference and produce higher numerical scores. Finally,
desired temporary natural elements (visual enhancements), such as foreground
wildflowers and planted flowers, or wildlife (even domestic animals), raise visual
quality and produce numerical lower scores””. By definition, alvars contain almost
no noospheric elements (all biospheric) to lower their visual quality preference,
and may even contain quality boosters in the form of wildflowers or wildlife
(enhancements). Therefore, an alvar would be expected to produce neutral to low
scores and high visual quality preference, which is in congruence with both sets of

results.
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Both score sets also have somewhat similar scores, which indicate the high
levels of visual consistency that are expected in a visually unified/uniformed plant
community structure and composition. This agrees the findings of Lu Di et al.
concluding that landscape type/land-use is predictor of visual quality preference, and
therefore a somewhat appropriate approach to develop visual quality maps"”.

A comparison of the score sets to one another reveals that Set 1’s scores are
lower and more consistent than Set 2’s, and were produced by an older equation that
explains less of the variance. Set 2’s scores are higher and were derived from a newer,
more predictive version of Equation (1).

These results suggest that Equation (2) is more sensitive to variation in visual
stimuli than Equation (1), a necessary result of its higher predictive ability. Comparing
the equations yields insight into where that variation may originate. Both equations
draw potential regressors from the same list of measured variables, but not all of the
variables reside in both equations. For instance, Equation (2) relies heavily on the
variable V2 (perimeter of intermediate non-vegetation), which appeared once by itself
and three times as part of a larger term. However, this variable only was represented
once in Equation (1), and is multiplied by X14 (area of wildflowers in foreground),

a variable that is frequently 0. To understand the difference, from the 60 images in
the study, only one image has non-zero integers for both variables. Thus altering this
value would only have a significant effect on Equation (2) for only one image and,
have no effect on Equation (1).

The findings of this study may contribute to the knowledge base and
understanding of visual quality preferences and mapping investigations by assessing
the visual quality properties of a previously undocumented landscape type that
resides outside the purview of previous research. While coarse land-use classifications
mapping studies are far less detailed than the plant communities this study focused
upon, the investigation provide some context. Riiya Yilmaz et al. discovered that
the expected average scores of highly noospheric land-uses were numerically much
higher (90.9 Industrial, 81.6 Downtown, 63.1 Residential, and 55.9 Farmland) than
the expected average scores for more biospheric landscape types (42.7 Forested, 45.0
Water)"*. The Maxton Plains alvars had lower scores than any of these land use
categories, meaning that these alvars had higher visual quality than any biospheric
environments. In fact, the Maxton Plains alvars generated slightly higher scores than
forested and water environments, but lower than farmland environment found in the
map of the area validated by Yilmaz et al.’. The difference in scores for landscape types
from biospheric to noospheric across the continuum are not surprising when the effects
of grain and scale for each investigation are considered, but it does imply that there is
value in the continued assessment of smaller, special, unique landscape types.

The equations are based upon Western preferences (Americans, Canadians,
Portuguese, and French). However, in a study by Mo Fei et al. of Asian preferences
(Chinese), it was discovered that their preferences did not completely co-vary with
Western preferences”™. Therefore, the scores and numerical results produced in the
study may not represent Asian values.

Over 40 years ago, Jay Appleton proposed his theory concerning prospect and
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5. Animage from the study of the alvar in 2015. The woody plants in the mid-ground
help define a savanna-like character of the alvar.
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refuge, where he maintained, it was a preferred environmental setting for
humans®""?, This is an environment where one could be sheltered (refuge), but
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