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Abstract

We examined the influence of race-day weather and topographie variability of courses on performance of male athletes in a series
of duathlon (run-bike-run} competitions held in Oregon and British Columbia. Subtraction matriecs and ANOVA techniques are
used to idemify unique races and performance patterns among races. Enhanced or reduced performance in the overall race and
individual race segments is then related 1o lopographic severity of the courses and environmental condilions encountered by the
athletes during the races. Resulls suggest that variations in race-day weather conditions have only a minor impact on performance.
Topographic severity of individual race segments and the cumulative effects of wpographically difficull races are the dominant con-
trols of performance. Results from this study offer a scientific basis for race directors and organizers Lo develop a range of duathlon
courses that can significantly enhance or reduce performance.

Introduction

The Pacific Northwest region of the United States
and Canada has seen an increase in multi-sport
competitions from the late-1980°s until the pres-
ent. Duathlon. the most recent addition, provides
a new alternative for multi-sport enthusiasts look-
ing for a complement to the triathlon (swim-bike-
run event}. The sport typically has three separate
segments, usually in order of running, bicveling,
and running with no rest periods between cach seg-
ment. The most common and popular race has
been the 5km run, 30km bicvele, and S5km run
international duathlon (Graham 1990; Newlkirk
1989),

Although there is a paucity of research on du-
athlons, examination of the swim, bicvcle, and run
segments of the triathlon is useful to duathlon
researchers. Recent studies have emphasized the
phvsiological (Kohrt et af. 1987 Kreider et al.
1988; Loftin et al. 1988) and medical (Hiller et
al. 1987; Hiller 1989) aspects of the triathlon. Tri-
athlon performance has been correlaled with
VOzmaen the maximum volume of oxyvgen an in-
dividual can use {(uplake) (Kohri et al. 1987;
Kreider et al. 1988; Loftin et al. 1988), and cardi-
ovascular/thermal responses (Kreider et al, 1988).
Kohrt et al. (1987) found that VO,,,.... was signifi-
cantly related to bicyeling and running perfor-
mance in a triathlete. Hiller et al. (1987) examined
medical records for triathions of various lengths
and found the most common medical problems to
be dehydration and heat exhaustion.
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The effects of weather on performance in run-
only events is much betier understood (Costill
1972: Pugh 1974; Davies 1980:; England et al.
1982). Both Pugh (1974} and Davies (1980) ex-
amined the effects of wind resistance on runners
and found there is an increase in oxygen uptake
{i.e. increasing stress) by athletes running in mid-
dle distance track events with increasing wind
speed. Cross winds were also responsible for af-
lecting performance in some middle distance run-
ners (Davies 1980). Heat exhaustion and heat
stroke are commonly encountered problems among
competitors during high temperature and humid-
ity conditions. as this combination tends to impair
evaporative cooling.

In an analysis of the physiology of marathon
runners, Costill (1972} suggested that environment
anc course lopography may drastically influence
marathan performance. Evion (1987) examined a
multi-stage, long-distance road race and found the
mosl significant variables for performance were
stage distance and the uphill component of the
stage. Energy expenditure and run perfermance
times of simuiated orienteering conditions were
compared on flat and hilly routes by Knowllon et
al. (1988). They found that the same length route
wilh a short, steep incline required less energy than
a route with a longer. more gradual incline,

Because the first official duathlon took place
less that ten vears agoe (1984), there has been a
limited amount of research on inter-race variabil-
ity in performance and the potential limiting factors




ol performance. The primary purpose of this study
is Lo examine how topographic variation and race-
day weather affects the level of performance in
male  “middle-of-the-pack”™ (MMP) duathletes,
Cuiding research questions are: 1) what influences
do variations in race course lopography and race-
day weather have on mean final race times among
a sample of races based on a standard duathlon
course of a Skm first run, 30km bicycele portion,
and a 3km second run, and 2) how do the aver-
age split times (limes for individual race segments)
vary among races and are they a good indicator
of the influence of course difficulty and at-
mospheric conditions on MMP performance,

Study Area and Races

The Pacific Northwest region of the United States
and Canada was seleeted for this study because
of the presence of four duathlon race series dur-
ing the data collection period of May to Seplem-
ber 1990, These series offered an excellent chance
to study duathlon performance as they attracted
many ol the same duathletes 1o their races.

Eight of thirteen duathlon races selected for this
study were clustered around Vancouver, British
Columbia, and three near Portland, Oregon. Both
cities enjoy marine wesl coast climates with ade-
quate annual precipitation and mild temperatures
throughout the vear. One of the two additional siles
was located on the high plains of eastern Oregon
{(Helix. Oregon} and the other in the higher, drver

interior of British Columbia (Kamloops, B.C.). Both
sites are leeward of the Cascade Mountains, resull-
ing in deficits of atmospheric moisture vear-round,
The name, location, date, and actual race distances
of each duathlon arc recorded in Table 1.

Methods
Meteorological Data

Weather data were collected at the start of the race,
midpoint, and the race finish. The race start was
defined as five minutes before the official race start.
For races that contained a S5km run. 30km bicy-
cle, and a second 5km run or distances that closely
proximate these, the recording of midpoint weather
data took place exactly one hour and fifteen
minules afler the first competitors left the starting
linc. The midpoint recording time was changed 1o
one hour and thirty minutes when bicyele course
lengths were = 35km. The final wealher dala were
recorded as the lasl person crossed the finish line.
This time varied from 35 minutes (Race #1) to one
hour and 50 minutes (Race #11) after the mid-
point recording. However, most of the final weather
recordings were taken one hour and 30 minutes
afler the midpoint recording.

W cather variables examined include tempera-
ture, relative humidity. wind speed, direct radia-
tion. cloud cover, Temperature-Humidity Index,
and wind chill. Temperature and relative humid-
ity were recorded using a digital hvgrometer

TABLE L. Location, name. dale. and duuthlon distance for races used in this study.

Date Dislances

Ruce # Race Name [ocalion (19903 {run#1-bicyele-run#2)
1 Canadian Fndurance Series Langley, B.C. 05/27 3km-20km-3km
2 PTA Rose Festival Biathlon Hillsboro, Oregon 06/03 5km-30km-5km
3 Preslige Series-Stanley Park Vancouver, BC. 06/08 Skni-29.7km-5km
4 BC Tel International Duathlon Vietoria, B.C, 06,09 Skm-30km-5km
5 Heart of the Country Biathlon Helix. Oregon 06/16 4.8km-40.2km-3.2km
6 Canadian Fndurance Series Vancouver, B.C. 06/24 Skm-40km-Hkm
7 BC Tel International Duathlon Whistler, B.C. 07/01 4.5km-32.5km-4.5km
8 PTA Firecracker Biathlon Wilsonville, Oregon 07108 5km-30km-5km
9 BC Tel International NDuathlon Kamloops, B.C. 07/15 5.5km-30km-5.5km
10 PTA Midsummer Biathlon Fairview. (hregon 08/12 5km-30km-5km
11 Prestige Series-Whistler Whistler, B.C. 09/01 5km-35km-5km
12 Canadian Endurance Series Vancouver, B.C. 09/08 Skm-40km-5km
13 Canadian Endurance Series North Vancouver. B.C. 09/29 5km-30km-5km
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houscd inside a standard meteorological shelier.
Wind speed was recorded with a digital anemom-
cter. [direct radiation was measured using a solar
radiation meter and was estimated to the nearest
five W m™2. Cloud cover was a subjective estimate
from 0% (no clouds visible) 10 LO0% (sky com-
pletely covered). This variable was estimated to the
nearest 10% by viewing the sky lor approximately
two minules before cach recording time. The Dis-
comfort Index (Thom 1959), olherwise known as
Temperature-Humidity Index (THI), was used to
evaluate the amount of human discomfort lell with
the race conditions encountered. Wind chill was
calculated using a Standard Wind Chill Equivalem
Equation (Dixen and Prior 1987).

Tepographic Data

On-site run and bicycle lopegraphy data were ac-
quired either before or immediately after each race.
A mountain bicycle was ridden over cach run
course using a (:y(:]ocomputcr to measure course
distance. The type of running surface encountered,
path width. and the sinuoesity {Mueller 1968) of
the course were also recorded. The bicyele course
was measured similar to the run course. In addi-
tion, topographic maps were used for analyses of
run and bicyecle course 1opegraphy. The Farth
Resources Data Analysis System (ERDAS} was
used to measure race distances and changes in ele-
vation from topographic maps.

Because of scale limitations on available topo-
graphic maps (1:50,000 for Canadian maps.
1:24.000 for United States maps). detailed topo-
graphic variables could not he caleulated for the
run courses. Instead, a subjective topographic rank
variable (run rank} was devised based on obscr-
vations taken at the race site. After considering all
aspects of course topography and layout (e.g. slope,
nel gain or loss, sinuosity., running surface), diffi-
cult courses were assigned a rank of three, moder-
ate courses a two, and easy courses a rank of one.

Topographic map detaill was sufficient for
analvzing bicyele course topography. Four varia-
bles are used to desceribe bicvele course topogra-
phy. Local relief {meters) lor this study was defined
as the difference in elevation between the highest
and lowest points on the bicyele course. These
points were read directly from the topographic
map(s} or inlerpolated if they were hetween two
contour lines. Net gain or loss {meters) in the first
hal{ of the course was defined as the difference
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in elevation between the start and the midpoint of
the bicycle course. Average course slope (degrees)
was calculated by modifving an cxisting average
slope formula (Wentworth 1930). An undulation
ratio was calculated by dividing the digitized biey-
cle course distance by the straight-line (flal) dis-
tance. This ralio provides an cstimate of the vertical
deviation of a bicycle course compared to a
hypothetically flat course.

Performance Data

The variables first run time and sccond run time
were used in their original format. Run disparity
was measurcd as the difference between the first
run time and the second run time. The recorded
overall and bicycle split times included run/bicy-
cle and bieyele/run transition times (the time used
bv competitors to change from one event to the
next). These transilion times were subtracted from
the originally recorded bicyele and overall limes
before any statistical analyses were performed.

Mathematical interpolation was used on race
limes where course distances did not maich the
akm first run, 30km bicyele, 5km second run stan-
dard used in this study. This was done to simplify
statistical comparisons among races and create a
standard for the Schedfe post hoc test. To interpo-
late, a non-standard race distance was divided by
the standard race distance to caleulaie a standardiz-
ing coefficient. A standardized race time for each
MMP duathlete was then caleulated by multiply-
ing this coeflicient by cach non-standard race time.

Once linear interpolation was performed on ali
non-standard races, the average and standard devi-
ation was calculated for the total race population
of each race. The MMP sample was taken as any
duathlete fitling in a range of plus or minus one
standard deviation from the overall race mean. This
group of duathletes was used to calculate the aver-
age and standard deviation for the first 3km run.
30km bhiceycle, overall, second 5km run, and Skm
run disparity.

Statistical Analyses

MMP average race times, topographic and race-
day weather variables were checked for normal-
ity. All variables were tested al the 0,05 level of
significance. Mosl variables were normally dis-
tributed. with a few exceptions {wind speed) fall-
ing between 0.05 and 0.07 level of significance.




Subtraction matrices were constructed using all
MMP average race times. These subtraction ma-
trices were used 10 identify unique races, races that
appear lo enhance or reduce MMP duathlon per-
formance. A Scheffe post hoc test of ANOVA was
performed on all MMP race times, allowing a
multiple-comparison of means. The resulls of each
Scheffe test were combined with the subtraction
matrix resulis o simplily analvsis. The primary use
for the Schefle test is to validate, statistically,
unique races found from the subtraction matrix
analysis.

Results and Discussion

MMP sample sizes. average race times and the
respective standard devialions lor each segment of
the races studied are listed in Table 2. A summary
of the overall topegraphic characteristics of each
race 1s provided in Table 3. Topographic profiles
of the 30km bicycle courses are shown in Figure
L. Average weather condilions for cach race are
summarized in Table 4.

First 5km Run Performance
The first 3km run subiraction/Schefle matrix (Ta-

ble 5) shows distinet groupings of slower and faster

TABLE 2. Mean race times and standard deviation of race
Race Umes in seconds## (standard deviation).

tine.

average performance times. Races #3. #6, #7,
#11. #12, and #13 display a significant reduclion
in run time from the rest of the races. These six
races appear to caorrespond well with their diffi-
cult run ranks (run rank = 3) (Table 3). The ex-
ceplion is race #11 (run rank = 2), which was a
borderline case between a moderate and difficult
ranked course. Races #7 and #11 had similar run
courses, both held on mountain trails/roads of
gravel. This combination of gravel surface and hills
resulted in a reduction in performance compared
to races #4 and #9 (Tuble 5), which were held on
Nat, paved surfaces. Although there was a large
difference in weather conditions {Table 4}, races
#4 and #9 (both run ranks = 13 had similar race
averages. First 3km run performance appears to
be more strongly influenced by run course lopog-
raphy than by race-day weather.

Races #6 and #12 are of particular interest be-
cause they were held on the same difficull run
course {run rank = 3} at different times of the year,
No significant difference exists between race #6
and #12 according to results from a Scheffe post
hoe test (1able 3). Despite being run under differ-
enl weather conditions (Table 4}, only seven see-
ands separates the first 5km run segment of these
two duathlons (Table 5}.

Race #
& of MMP) Run #1 Bike Run #2 Overall Disparity™®
1 {n=70) 1219 (114 3228 214) 1324 (118) 2663 1362) 05

2 n=84) 1167 (77) 3243 (169) 1267 (848) 2679 (243} 100

3 {n=2206) 1181 (91) 3106 {203) 1282 (108) 5579 (352) 101

1 in=127) 1121 84 dled (221) 1227 1105) Aol 347 106

5 In=a5} 12760 (116} 3671 (354 1389 (231 3972 (335) 112

6H n=71} 1276 (100 3101 204) 1475 1159 2016 (318) 198

T in=114 1312 195) 3071 {211 1194 (130) 5647 (362} 183
in=11% 11495 (106} 3219 (233) 1308 1143 3724 (395) 113

9 (n=062) 1105 (67) 3183 (204) 1205 (821 5337 (2811 1ol
W) in=12% 1235 (98 3050 (235) 13411119 5626 (388} 107
11 in=135} 1299 (106) 3191 228 1416 (153) 5704 (309} 147
12 In=0606) 1269 (80) 3101 200) 1135 (150 5477 (314 166
13 In=063) 1283 (91 3208 228 1425 (114 5920 (A8 142
* First Skm run/Second Skm run disparity calculated from race averages.
*F Times for races 1. 3. 5. 6. 7. % 11, 12 are interpolated 1o the international distance (Skm run, 30km bike. 3km runi.
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TABLE 3. Topographic charucteristics of individual races.

Local Gain or Average
Relief Loss Undulation Slope Run
Rucedt (meters) (meters) Ratio {degrees) Rank
1 28.01 —22.86 1.000046 0.47 2
2 88.39 8.53 1.000443 1.33 2
3 55.00 0.00 1.001132 1.20 1
4 23.00 1.00 1.000220 0.32 2
5 146.96 —-39.93 1.000439 1.81 3
6 66.04 ~31.00 1.000085 0.12 3
7 152.40 —-128.02 1001534 1.75 3
8 73.15 0.00 1.001034 1.39 1
9 33.53 -21.34 1.000047 0.29 1
10 12.51 6.70 1.000001 0.00 2
11 179.83 -167.64 1.001574 1.79 2
12 66,04 —-31.00 1.000085 0.42 3
13 25.00 0.00 1.000082 0.30 3
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Figure 1A, Bicycle course clevation profile for race #1-6 and race #12. Vertical exaggeration is 80x,
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Figure 1B. Bicycle course elevation profile for race #7-11 and race #13. Vertical exaggeration is 80x.
TABLE 4. Mean weather condilions recorded at each race.
Temperature Relative Wind Speed Direct Radiation Cloud Temp-Humidity Wind
Ruce# °C Humidity (%) m seet W m? Cover (%) Index (THI) Chiil
1 15,19 78.67 0.43 275.00 100.00 15.05 14.38
2 16.11 73.00 1,92 580.00 80.00 15.80 12.54
3 13.70 91.33 0.00 181.67 100.00 13.72 13.70
41 10.040 82.67 1.47 113.33 93.33 16.38 7.27
3 20.00 45.33 5.17 1013.33 30.00 18.20 10.37
6 20.00 38.00 0.40 290.00 36.67 18.60 19.25
7 14.63 63.33 0.05 566.67 B6.67 14.54) 14.54
8 23.33 54.67 0.40 930.00 10.00 21.0% 22.59
9 26.11 29.67 0.50 996.67 0.00 21.43 25,18
10 22.78 66.00 1.42 925.00 6.67 21.14 20.14
11 11.85 77.00 0.00 218.33 10.00 12,12 11.85
12 17.04 71.67 0.42 216.67 10.00 16.56 16.26
13 1611 08.33 0.38 485.00 66.67 15.74 15,40
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TABLE 5. Subtraction and yesine malrix for MMP first Skin run perforinance. The difference in average race times is given in secands.
"Y' indicates a signilicant difference between race means al the .05 level of confidence hased on a Scheffe post hoe test.

RACE?®
1% 2 3 3 3F [§] 7w 8 o 10 Il 12 13
Time

sec.l 1219 1167 1181 112] 1276 1276 1312 1195 1103 1235 1269 1269 1283
1% 1219 - S 38T o3 -57 -37  -93T) 24 1140Y} -6 =3y =50 -6
2 1167 - -14 40 - 1090Y) —109Y) 109y, ~28 63 —671YE - 132(Y) 102{Y1 11501
3 1181 - o0YY  -93Y 95y - 13y =14 7Y -5MYY - HBYY - 88(Y) L1OT1Y)
R 4 1121 - =1550Y1 =153y =T19HY)  -741Y) 1o =114y - 178y - 481y -182IY)
3% 1276 - 0 =30 SLYT 171! 41 =23 7 -7
C 6 1276 - -33 SLY) 1720 12 -23 7 ~-f
£ 1312 - 1160Y) 207 7Y 13 EX 29
8 1195 - 910Y] =39 -104Y]  -THYy  -8TiY)
9% 1705 - = LAY = 19401 =1640Y) - 178IY)
10 1235 - —64(Y] -3 -48
11 1299 - 30 16
121269 - -14

13 1283 -

30km Bicycle Performance

Two races (#2 and #5) have a distinetly different
pattern from the rest of the races {Table 6). These
two races possessed Lhe two highest average wind
specds (Table 99, had topographically challenging
course designs (Figure TA}, and had the slowesl
average race times (Table 6). A main factor in
reducing 30km bicvele performance for race #2
appears to he the challenging hill near the mid-
point (Figure 14). The undulating course and mid-
point wind speed of 2.50m sec™ also likely
contributed to the reduction in performance. Be-
sides a challenging first half, race #5 had a long
continuous climb for the cveling duathlete from the
midpoint almost 1o the start/finish area {(Figure 1A).
The long, challenging climbs of race #5 coupled
with the midpoint wind speed (5.90m sec™) ac-
count for the large reduction in performance com-
pared to other races (Table 6).

The fastest average 30km bicyele times for
MMP duathletes are found on a variely of course
designs. The topographic analvsis (Table 3) and
course profile {Figure 1B) suggest that race #10
had the fastest average 30km bicycle time because
of a lack of topographic variabilitv. In contrast, race
#7 was pereeived as a difficult course by du-
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dicales the race time was interpolated 1o the international 13km-30km-3kmi distance

athletes, and this is backed by the topographic
analvsis of the course (Table 3). However, the sce-
ond fastest bicyele time (Table 6) was recorded in
race #7. The key 1o the fast average lime appcars
to be net loss (— 128m) in the first half of the course
iFigure 18). This large drop in elevation resulted
in high racing speeds, allowing duathletes 10 per-
form at or above their capabilities for the first halt
of the course and negating the reduction in per-
{ormance caused by the long climb back 1o the
transition arca. Race #11 used the same course
as race #7 but included an extension onto the start
{Figure 1B} that accounts for the longer actual
{versus interpolaled) distance. The resull was a
slower average race time for race #11.

Races #6 and #12 are of particular interest be-
cause they used the same bicyele course at differ-
ent times of the vear. Although there were
differences in average weather conditions between
race #6 and #12 (Table 4), with race #6 having
a greater potential for heal stress, average race
times {or the two races arc identical (3101 sec-
onds). This represents a tie for the third lastest time
among races sampled (Table 6). A small local re-
lief, average slope, and a loss in elevation in the
first half of the course contribute to the fast race
times. Large losses in elevation in cuch loop




TABLE 6. Subtraction and yes/no matrix for MMP 30k bievcle performance. The difference in average race times is given in seconds.

“Y " indicates a significant dillerence belween race means at the 0.05 level of conlidence hased on a Scheffe post hoe test.

RACE #
1# 2 3% 4 aF 6% T 8 9 10 11* 12* 13
Time

s 3228 3243 3106 3164 el 3Gl 3071 3219 8183 2050 3lgl 3101 3208
1% 3228 - -13 122 61 443 £27  15TiY) 8 45 178IY) A7 127 20
2 3213 - 138t B —4271Y) 142 1721V} 24 o0 194 52 143 35
3* 3106 - -8 —363tY) 4 34 -114 -8 a0 -25 5 -103
R 4 316 - =30TY 63 93 — b -19 114 -28 6 -44
5% 08671 - S60Y)  S99YY 45101 48TY)Y  62LY)  AT9NYY  5TOIY) 462t
Coe* 310 - 30 - 118 -82 3l -40 1 -107
EoTFA0T1 - - 1481Y) -112 21 —120 -24 -137
= 8 3219 - 36 LT00Y) 28 119 11
9 3183 - 133 -8 33 -25
10 3050 - - 142{%) -31 —15381Y)
11E 3191 - a1 -17
125 310 - =108

13 3208 -

* indivates the raee Lime was inlerpolaled 1o the international (3km-30km-3km| distance

of this two leop course (Figure 1A} enabled MVIP
duathletes to perform at or above their capabilities.

Second 5km Run Performance

The effects of run course difficulty (run rank}
should become more significant after running and
bicyeling a total of 35km. The differcnee between
difficult {run rank = 3) and easy (run rank = 1)
courses is evident when looking at the subtraction
matrix {Table 7). Second 5km run times for races
#4 and #9 werce the two fastest. The fast times are
most likely related to the lack of difficulty in the
preceding bicycle courses, Races #6. #7, #11.
#12, and #13 show proneunced decreases in aver-
age run performance compared to races #4 and
#9. Again, this appears to be primarily a function
of the difficully of these five run courses, Results
from the Scheffe post hoc test (Tahle 7) support
the findings from the subtraction matrix, as almost
all race pairs having second 5km run time differ-
ences of greater than =+ 94 seconds were signifi-
cantly diffcrent at the 0.05 level. Second 5km run
perlformance may be the best indicator of overall
course difficulty. The assumption is that slower sec-
ond Sk run times equale to a more difficult first
run and/or 30km bicycle course experienced by
the MMP duathlete.

Overall Performance

The apparent overall homogeneity among courses
leads 1o a lack of useflulness when using overall
race times Lo analyze performance. Although differ-
ences exist between the individual segments of each
race. the resulting average overall race times are
similar. For example. duathletes ran fast on the
easy run course of race #4 but much slower for
race £6, a difficult run course. In contrast, duath-
letes cyeled the fastest an the bicvele course for
race #6 while race #4 saw an intermediate time
for MMP duathletes. Although the individual seg-
ments of each course contain different physical
characteristics, the final overall race averages are
approximately equal (Table 2).

Races #5 and #13 display the only unique pat-
terns (Table 8). Exeept for wind speed, average
weather conditions were not largely different be-
tween the two races {Table 4). Both races had dif-
ficull run and bieycle segments to their respective
courses (Table 3). The small difference between
the two races can be accounted for by the more
difficult bicycle course in race #3 (Figure 1A). The
rest of the overall race times are clustered around
3500 seconds. Thus, examination of overall race
times contributes little to the knowledge of the el-
feets of weather and course topography on MMP
duathletle performance.
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TABLE

7. Subtraction and yesie matrix for MMP seeond 5km run performance. The difference in averuge race limes is given

in seconds.
“¥™" indicates a significant differcuce between race means at the (.03 level of conlidence hased on a Scheffe post hoe test.

RACE ¢
% 2 3 4 5 ] T* 8 9% 10 11 12 13
Time

tsee) 1324 1207 1282 1227 1389 1475 1454 1308 1205 1341 1346 1435 1425
1824 - 36 42 97(Y) -6 —13lY1 -170Y) 15 118(Y) -8 —122(Y} -1111Y) —101
21267 - -4 41 —12HY) -2071Y) -227iY) -4 62 =74 —178(Y} -16TiY) - 157
301282 - -85 =324 -186e0Y) -382Yy  -126 -125 —264  -360(Y1 -242(Y) -280(Y)
R 4 1227 - -162iY) -248(Y) -268(Y) -82(Y) 21 -1I5iYE -219(Y) -208Y) - 198(Y)
A 5% 1389 - =86 —106(Y) 80 1830Y) 47 =37 -16 -36
C 6 1473 - =20 1660Y) 269(Y)  133(Y) 29 30 50
oo 1494 - 1306iY)  289(Y) 133Y) 49 60 10
# 1308 - 1031Y) =33 - 130Y) 12601 -116(0Y)
G5 1205 - —1360Y1F -240(Y) -229(Y) -219(Y)
10 1341 - =~ 040X} —94iY) -83
11446 - 11 21
12 135 - 10

13 1425 -

indicates the race time was interpolated to the intlernational (3km-30km-5km) distance

TABLE &. Subiraction and vesmo matrix for MMP overall performance. The difference iu average race limes is given in scconds,

“Y™ indicates a significant difference hetween race means at the 0.05 level of conlidence based on a Scheffe post hoc rest.

RACE#
1* 2 3% A 5% 6% T* i o* 10 11#* 12* 13
Time

lsec] 5063 3679 5370 3311 978 53160 5647 3721 3537 5626 a73E AT 5920
| * 3663 - -16 84 152 -309(Y) 17 16 -o6i 126 a7 -91 186 —257
2 2679 - 100 167 -2931Y) 163 32 -45 142 33 -3 202 ~241
3 3374 - 63 —393(Y) 63 -68 -143 42 -17 -173 102 -3411Y)
R aall - —-4601Y) -5 -135 -212 =26 -115  =2421Y) 34 -8
3% 3072 - 456(Y] 325 248 4350Y)  346{Y) 218 494(Y) 32
€ 6% 5316 - -131  -207 =21 =110 -238 39 4040
E 7% 5047 - -7 110 21 =107 169 - 274Y)
8 5724 - 186 98 =30 216 -196
9* 5337 - -89 =217 60 -383(Y)
1 5626 - —128 149 =294(Y)
11+ 5734 - 2760Y) - 1660Y)
12% 5477 - —442(Y)

13 3920 -

®

270

indicates the race ime was interpolaled to the interngtional 15km-30km-3km] distance
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TABLE 9. Subtraction and vesino matrix for MMP first and sccond Skm run disparity. The difference in average race times is
given in seconds. "Y* indicales a significant differenec between race means at the 0.05 level of confidence bascd on
a Scheffe post hoe lesl

RACFE#
1% 2 3 1 5% i} T 8 o 10 11 12 13
Time

lsec.d 105 00 1GL 106 112 108 183 13 101 107 147 166 142
1% 105 - 3 4 -1 -7 =93y -FEYY -8 1 -2 -42 -6l -37
2 100 - -0 -6 —12  -98(Y1 -83iY} -13 -1 -6 -46  -66(Y] -42
3 10l - -3 =12 -98(Y1 -82(Y) -13 -0 -6 —46{YI  -65(Y1  -d1
R 4 106 - =7 =93(Y) =TT -7 5 -1 -4l -60Y]  -36
A 3% 112 - =860Y1  —T00Y} -1 12 6 -31 -33 =29
¢ 6 198 - 16 83(Y) 98Y)  92Y) e 33 37
PR 183 - 691Y) 821Y)  76lY) 36 17 41
P8 113 - 12 7 -33 -33  ~29
o im - -6 — 46 ~-fa -4l
10 107 - =40 =5390Y) 35
1 147 - -19 3
12 166 - 24

13 142 -

5km Run Disparity

Resulls suggest that races #6, #7, and #12 are sig-
nificantly different from the other races {Table 9).
There appears to be two distinel groupings for
MMP duathlete Skm run disparity. One group dis-
plays large differences (2> 142 seconds) between
first and second 5km runs (races #6. #7. #11,
#12. #13). The remaining races arc clustered
around a smaller disparity of about 100 seconds
(Table 9. These two groupings are evident on the
subtraction matrix of raw data (Tahle 9), Although
there are large Skm run disparities lor races #11
and #13, the Schefle post hoe test was unable to
reveal any unique slatistical patierns when com-
pared to the other races. However, the subtrac-
tion matrix shows these races differ by as much
as 57 seconds from the other races (Table 9). Most
duathletes consider a reduction of 142 seconds (2
minutes and 22 scconds) and 147 seconds (2
minutes and 27 seconds) in 5km run performance
substantial.

* indicates the race time was interpolated 10 the international (Skm-30km-3kmy distunce

Conclusions

The focus of this study was on the relationship he-
tween performance in male athletes during duath-
lon events and the suite of topographic and weather
conditions encountered al each race. Subtraction
matrices and a serics of Scheffe posl hoc tests of
ANOVA were used to identily unique races and
race patterns. Aspecls of race-day weather and
topographic variahility were examined in conjunc-
tion with the matrices to help explain MMP per-
formance among the duathlon races. The {indings
suggest: 1) first Skm run times are primarily af-
fected by run course topography, 2) 30km bicy-
cle times are similar among races except thase with
large amounts of topographic variability or high
wind speeds, 3) poor second Skm run performance
is due largely to a combination of run and bicycle
course difficulty, 4) 5km run disparity may be the
best indicator of overall course difficully as sec-
ond 5km race times drop considerably following
a difficult first 3km run and/or 30km bicyele
course, and 3) other than wind speed, weather con-
ditions have little influence on duathlon perfor-
mance during the summer menths in the Pacific
Northwest.
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