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For use in a decision support system for control of pest arthropods a
simulation model has to be developed for predicting the population
dynamics of greenhouse pests and their biological control agents. The
first step in this process is modelling the pest population in a pre-
dictable way. Here, we report the results of specific improvements of
an INSIM simulation model and its validation with experimental data
collected in a tomato greenhouse. In this experiment known numbers
of the whitefly Trialeurodes vaporariorum were released in the tomato
crop. During the growing season adult whiteflies were monitored with
yellow sticky traps and the third and fourth larval stages were manu-
ally counted on nine leaves of eight plants. Simulation of the total pop-
ulation showed a similar trend as observations of larvae on plants and
adults on yellow traps, although the timing of fast population increase
was not correct. When simulations started with the median counts of
larvae on plants and estimated numbers of the other whitefly stages,
most simulations could accurately estimate the population in the com-
ing 3 weeks.
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The whitefly Trialeurodes vaporariorum is a pest that can severely decrease crop
yield in glasshouse tomato through transmission of viruses and deposition of
sticky honeydew on the plant. The growers’ first interest is a healthy crop with-
out increasing costs or risks of yield losses. Therefore, they have to take deci-
sions on pest control with respect to the use of insecticides and/or biological
control agents. In The Netherlands integrated pest management (IPM) combin-
ing reduction of insecticides and introduction of biological control agents is
already successful since the 1990s (Lewis et al. 1997). IPM reduces the impact of
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pest control on the environment and results in a healthier final crop product. For
IPM to be successful, frequent monitoring of the pest status is necessary in order
to determine whether the pest population reaches a threshold (i.e., economic
injury level). There are already several modelling approaches considering the
greenhouse whitefly and natural enemies, mainly Encarsia formosa. The most
detailed one is by van Roermund (1995). He has been modelling the population
dynamics of the whitefly, T. vaporiarorum, and its parasitoid, E. formosa, with a
detailed simulation model which included stochasticity and dispersion, using an
individual based model for the behaviour of the parasitoid. Other models on
whitefly have been proposed by Yano et al. (1989) as well as Hulspas-Jordaan
and van Lenteren (1989).

To forecast insect development as part of a decision support system for con-
trol of pest arthropods we first have to build a model to predict the temperature-
dependent development, survival and reproduction of the pest insect. The new
version of the INSIM program (Hemerik & van Nes 2007), a follow-up of the
original program by Mols and Diederik (1996), was used for this purpose. The
development, survival and reproduction of the greenhouse whitefly as measured
under laboratory conditions were taken as summarised by van Roermund (1995).
To check whether these temperature-dependent parameters can forecast
observed population dynamics in the greenhouse, we validated them with data
from a greenhouse experiment. First, a simulation was done starting with the
number of released adult whiteflies. Subsequently, simulations starting with
median or mean counts of late immature stages on plants were performed to
check whether these give the same population trend as observed in 2-4 weeks.

METHODS AND MATERIALS

Experimental set-up
The greenhouse experiment with only whitefly was carried out at the Julius
Kühn-Institute in Braunschweig (Germany). In this greenhouse (40 m2) tomato
plants (cultivar: Campari; Enza Zaden Deutschland) were planted at the end of
April 2012. Plants were planted in four rows with 1.25 m between the rows and 12
plants per row. The plants were allowed to grow up to 2.5 m. When reaching this
length, they were forced to grow downwards. Leaves were picked when they
started degenerating. Two yellow sticky traps were placed (i.e., 1 trap / 20 m2)
between plants within rows. Yellow traps were positioned just above the plants
and their height was adjusted until maximum plant height was reached. The ini-
tial population of 24 adult whiteflies of each sex was released into the greenhouse
chamber at 16 May. All whitefly individuals originated from a permanent rearing
on tobacco (Leibniz Universität Hannover, Institute of Horticultural Production
Systems, Germany). They were reared for at least two generations on tomato
under greenhouse conditions (mean ± SD = 22.5 ± 5.5 °C, 44-80% RH). Due to
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exponential population growth of whiteflies this experiment was terminated at 1
August. Temperature was rather constant throughout the experiment (21.83 ± 4.16
°C). During the experiment fungicides were used to control powdery mildew
(July 3: Topas®, Syngenta; July 13: Collis®, BASF).

Adult T. vaporariorum were counted on yellow sticky traps. Additionally,
whiteflies (adults, 3rd and 4th instar nymphs including prepupae and pupae)
were counted directly on tomato leaves of eight plants. Per plant, adults and later
instars were counted on nine leaves, namely from the lower surface of three
tomato leaves at lower, intermediate and upper plant level, respectively. All
counts were taken at weekly intervals from 23 May until 1 August.

Description of the model
INSIM (INsect SIMulation) is a model for simulating the phenology and pop-
ulation development of insect species. The Manual of INSIM for MATLAB can
be found at the internet under the link http://content.alterra.wur.nl/webdocs/
internet/aew/downloads/webmanual_INSIM_for_MATLAB.pdf. The model
calculates daily temperature-dependent development for the considered species
from daily maximum and minimum or average air temperatures. The tempera-
ture sum is also calculated. Because in reality the development of insects in gen-
eral is a stochastic process, the INSIM model uses boxcar trains (see Goudriaan
& van Roermund, 1989) to simulate developmental dispersion.

Simulations were carried out for (1) the total whitefly population in the
greenhouse starting with the number of released adults and for (2) the popula-
tion on nine leaves starting from counts of third and fourth instars on nine
leaves at different times (22, 29, 36 or 43 days after the release of whiteflies) as
starting points for this population on nine leaves. In both simulations, measured
average daily air temperature was used to calculate development.

The first simulation started with the released numbers of adult whitefly and
simulation was continued till the end of the observations (1 August). The simu-
lated numbers of adult whiteflies were compared to the average catches on the
yellow sticky traps, and the simulated number of third and fourth instar larvae
to the counts of these instars on the plants. The focus here is whether the trend
of the dynamics was simulated correctly.

However, for the intended use of the simulation model, it is important that
the model can predict what will happen in the next 2-4 weeks. The model will
be initiated with the observed number of adult whitefly on yellow sticky traps
or number of larval stages three and four on the plant. We chose to start simu-
lation from the counts of third and fourth instars on the plants, as this gives the
current population size and is not an aggregation over the week, as the catches
on the yellow traps are. The number of individuals in the other stages of white-
fly (eggs, younger nymphal stages, adults) had to be estimated; from the time
that the population reached the state of steady increase in the first simulation
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onwards we could estimate the ratios between the different stages. With these
the other stages were initialized based on the counts of the third and fourth lar-
val stages. Both mean and median counts of larvae on the plant were used as
starting values. When the median count was zero, 0.5 was used. Simulations
were done for 30 days, as this is about the time span needed for prediction.
Simulated results were compared to the counts of larval stages on the plants.

RESULTS
In the model we first have to define all developmental stages in the lifecycle of
the greenhouse whitefly Trialeurodes vaporariorum. These stages are egg, first,
second, third and fourth larval stages, prepupa, pupa and adults (Fig. 1). For each
of these stages the temperature-dependent development and mortality had to be
defined in the appropriate tables (see Appendix). We have included minimum
and maximum thresholds for development according to van Roermund (1995).
Because adult male whiteflies are present in the greenhouse and can also be
caught on the yellow sticky plates, the male adult stage is included in the simu-
lation as a separate stage, because these do not lay eggs. In all other whitefly
stages there is no distinction needed between the sexes. The longevity of male
adults was assumed to be 46% of the longevity of female adults. For complete-
ness we provide the development, the variation therein and mortality rates at the
different temperatures relevant for the simulation model in the Appendix.

The simulation results starting from the numbers of adult whitefly initially
released into the greenhouse are shown in Figure 2. Because of the different y-
axes for both panels in Figure 2, it is only possible to say something about trends
in the simulation versus the data (quantities cannot be directly compared). The
counts of immature stages on plants decreased after mid-July, due to the immi-
gration of E. formosa from a nearby greenhouse (Fig. 2B). Therefore, after this
date observed data for both the adults and the later immature stages were omit-
ted. For adult whiteflies the trend in the simulation is the same as in the counts
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Figure 1. The lifecycle of Trialeurodes vaporariorum as modelled with INSIM.



on the yellow plates although it is delayed by 2 weeks (Fig. 2A). The fast in -
crease in population growth starts 1 week earlier in the simulations than
observed on the leaves (Fig. 2B).

The next simulations started from observed numbers of older immature
stages on the leaves. In this case, it is possible to directly compare the simulated
numbers to the observed numbers. The first simulation started 22 days after the
release of adult whiteflies into the greenhouse. This was the first day that imma-
ture whitefly stages were observed on the plants. In general, the population size
on nine leaves was estimated rather well for the coming 2-3 weeks. The simula-
tion that starts on day 22 with the average shows a slight overestimation after 2
and 3 weeks, but the one starting from the ‘median’ value not (Fig. 3A). The sim-
ulations starting with the average at day 29 increased very fast and clearly over-
estimated the population compared to the observations whereas the one starting
with the ‘median’ value showed a moderate increase which fits better to the
observations 1-3 weeks ahead. The simulation starting with the average at day 36
had an accurate simulation for 1 and 3 weeks ahead (days 43 and 56, respective-
ly), although the simulation overestimated the population observed on day 50.
Starting from the median counts underestimated the population growth in the
coming weeks. The simulation starting with the average at day 43 showed a sim-
ilar pattern to the one of day 29, and the simulations starting from the median
showed a better match with the observations (dashed lines in Fig. 3). On these
two days (29 and 43) the average is much higher than the median. For days 22
and 29, the simulation initiated at the adopted median of 0.5 for the third and
fourth immature stages give good results for the first 3 weeks. The population 4
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Figure 2. Model results for the simulation with INSIM of the numbers of Trialeurodes
vaporariorum in the different stages. The initial values of adult whiteflies were put at
the numbers released into the greenhouse in the experiment. (A) the number of adult
whiteflies in the simulation (line) and the mean number caught on the yellow sticky
plates (open squares), (B) the total number of larval stages three and four (line) and
the mean (open squares) and median (red triangles) number of larval stages three and
four on nine tomato leaves.



weeks ahead is not correctly simulated in any of the four starting days, neither
by starting from the mean nor the median.

Adult whitefly were also counted on the leaves. Simulations starting at the
medians (or adopted median of 0.5 when median was 0) gave accurate predictions
of the adult population on the plant 1-3 weeks ahead (results not shown). Only at
43 days both simulations overestimated the observed adult population on the
plant.

DISCUSSION
It is promising that this population based simulation of the temperature depend-
ent development of the pest insect T. vaporariorum can show a similar trend as
the catches of adult whiteflies on the yellow sticky plates or counts of larval
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Figure 3. Simulations of the population starting from the average count of older imma-
ture stages of Trialeurodes vaporariorum (3rd instar and older) on the plants with esti-
mated numbers in the other stages. Starting at (A) day 22, (B) day 29, (C) day 36, (D)
day 43; the mean (open squares) and median (red triangles) number of larval stages
three and four on nine tomato leaves. Drawn lines represent simulations starting with
average counts and dashed lines the ones starting with median counts, namely on days
22, 29, 36 and 43, respectively, 0.5, 0.5, 0.5 and 6 per nine leaves. For days 22 and 29,
median of 0.5 was used because the real median was zero, whereas the average was
above zero.



stages three and four on nine leaves. The simulations for the average population
of larval stages three and four on nine leaves starting from the counts on the
plants (Fig. 3) performed better than the simulations where the whole popula-
tion of adult whitefly in the greenhouse was simulated (Fig. 2), especially when
the simulations were started with the (approximate) median values. Only at day
36 the simulation starting at the median fits less well with the observations than
the simulation starting at the average. Simulations starting at the initial release
of the whitefly adults are less accurate and show a significant earlier (larval
stages) or later (adults) increase in the simulations than in the observations.
Simulating in this way can propagate errors: if there was an initial discrepancy
between simulation and observation, this will persist and even grow. Moreover,
we did not account for immigration and emigration of adult whiteflies. Also, the
plants on which the whitefly were counted, were not homogeneously distributed
over the greenhouse but from two central rows. This might lead to sampling
errors, because places close to doors or to windows that can be opened suffer
notoriously from high infestation with pest insects.

When comparing counts of adult whiteflies on yellow plates to simulations,
one has to keep in mind that a count on a yellow plate is the integration over the
last week, while the simulation gives the state on the current day. It is therefore
acceptable that observations on the yellow plates and the simulations of the
number of adult whiteflies do not completely coincide; trends in the simulated
adult population are expected to show up slightly later in the yellow trap catch-
es. However, the fast increase of the population of adults in the simulation
comes later than observed on the yellow plates, which is not accurate.

For the counts on the plants, the proportion of leaves on which the population was
counted decreased over the season, because always nine leaves were counted, while
the crop grew. This might therefore give a distorted impression of the population, as
a larger part of the population is sampled earlier in the season than later on. The
counts on the plant later in the season might therefore be less representative.

To correct for the discrepancy between simulated and observed trends in the
simulation of the total greenhouse, we looked at several aspects, like reducing
reproduction in the second half of female life. However, these only changed the
population size, not the observed trends.

Although simulation representing the whole greenhouse did not show the
right timing of dynamics according to the observations, and several options to
improve the simulation did not work, parameter values were not changed: the
more relevant simulations (the one starting from counts on the plants) as well
as the use of the same parameters of development and reproduction in other sim-
ulations (van Roermund 1995) showed good results.

For the intended use of the simulation model, the input is the count of adult
whiteflies on the yellow plates. Therefore, a reliable formula has to be developed
that can transform the catches on the yellow plates into the population in the
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crop (Böckmann et al. 2015). The next thing is to find the right unit for the sim-
ulation, as the results of simulating the population in the whole greenhouse are
difficult to interpret. A useful unit is the numbers of whitefly per leaf, which
would require simulation of the leaf initial value as well. It should be noted, that
in that case it would be nice to run the model a particular number of times with
randomly drawn initial conditions between 25 and 75% quantiles in the observa-
tions and report the average result (with SE) from these simulations.

In conclusion, the median value of counted number of later immature stages
on nine leaves provides a good starting point for the simulation of their numbers
in the next 2-3 weeks. A decision support system based on this model that is
updated with weekly counts on late immature stages of whiteflies would project
the numbers of this pest population into the future more or less correctly.

Acknowledgements This research is part of the INTERREG project Gezonde
Kas/Healthy Greenhouse (Gesundenes Gewächshaus; www.gezondekas.eu) and is
sponsored by the following agencies: Niedersächsisches Ministerium für Wirtschaft,
Arbeit unde Verkehr, Ministerium für Wirtschaft, Energie, Bauen, Wohnen und
Verkehr des Landes Nordrhein-Westfalen, Ministerie van Economische Zaken, Land-
bouw en Innovatie, Euregio Rijn-Waal, INTERREG Deutschland Nederland, Provin-
cie Gelderland, Provincie Drenthe, Provincie Limburg and Provincie Groningen.

REFERENCES
Böckmann E, Hommes M & Meyhöfer R 2015. Yellow traps reloaded: What is the ben-

efit for decision making in practice? Journal of Pest Science 88: 439-449.
Goudriaan J & van Roermund HJW 1989. Modelling of ageing, development, delays and

dispersion. In: Simulation and systems management in crop protection (ed. by
Rabbinge SA, Ward SA & van Laar H), pp. 115-157. Pudoc, Wageningen, The
Netherlands.

Hulspas-Jordaan PM & van Lenteren JC 1989. The parasite-host relationship between
Encarsia formosa (Hymenoptera: Aphelinidae) and Trialeurodes vaporariorum
(Homoptera: Aleyrodidae) 30. Modelling population growth of greenhouse whitefly
on tomato. Agricultural University Wageningen Papers 89-2: 1-54.

Hemerik L & van Nes EH 2008. A new release of INSIM: a temperature-dependent
model for insect development. Proceedings of the Netherlands Entomological
Society Meeting 19: 147-155.

Lewis WJ, van Lenteren JC, Phatak SC & Tumlinson JH 1997. A total system approach
to sustainable pest management. Proceedings of the National Academy of Sciences
of the USA 94: 12243-12248.

Mols PJM & Diederik D 1996. INSIM a simulation environment for pest forecasting and
simulation of pest natural enemy interaction. Acta Horticultura 416: 255-262.

van Roermund HWJ 1995. Understanding biological control of greenhouse whitefly with
the parasitoid Encarsia formosa: From individual behaviour to population dynamics.
PhD Thesis, Wageningen University, Wageningen, The Netherlands.

MODELLING DEVELOPMENT OF A WHITEFLY

16



17

Yano E, van Lenteren JC, Rabbinge R & Hulspas-Jordaan PM 1989. The parasite-host
relationship between Encarsia formosa (Hymenoptera: Aphelinidae) and Trialeurodes
vaporariorum (Homptera: Aleyrodidae). 31. Simulation studies of population growth
of greenhouse whitefly on tomato. Agricultural University Wageningen Papers 89-
2: 55-73.

APPENDIX
Tables for the various stages of the whitefly Trialeurodes vaporiarorum:
Temperature-dependent development and mortality of eggs, first to fourth larval
stages, pre-pupae, pupae, pre-oviposition females, adult males and adult females,
and temperature-dependent oviposition of females (data from van Roermund,
1995).

Table A1. Eggs.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.0464 0.11 0.0017
10 0.0541 0.11 0.002
12 0.063 0.11 0.0024
14 0.0734 0.11 0.0028
16 0.0855 0.11 0.0032
18 0.0994 0.11 0.0037
20 0.1154 0.11 0.0044
22 0.1335 0.11 0.005
24 0.1533 0.11 0.0058
26 0.1736 0.11 0.0065
28 0.1912 0.11 0.0072
30 0.1986 0.11 0.0075
32 0.1784 0.11 0.0067
34 0.0918 0.11 0.0035
35 NaN NaN 0
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Table A2. First larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.0611 0.26 0.0026
10 0.0747 0.26 0.0032
12 0.0913 0.26 0.0039
14 0.1115 0.26 0.0048
16 0.136 0.26 0.0058
18 0.1655 0.26 0.0071
20 0.201 0.26 0.0086
22 0.243 0.26 0.0104
24 0.2919 0.26 0.0125
26 0.3468 0.26 0.0149
28 0.4051 0.26 0.0174
30 0.4598 0.26 0.0197
32 0.4956 0.26 0.0213
34 0.4814 0.26 0.0207
35 0.4381 0.26 0.0188
36 0.3557 0.26 0.0153
37 0.2174 0.26 0.0093
38 NaN NaN 0

Table A3. Second larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.1 0.35 0.0026
10 0.1185 0.35 0.0031
12 0.1404 0.35 0.0037
14 0.1663 0.35 0.0044
16 0.1971 0.35 0.0052
18 0.2335 0.35 0.0062
20 0.2766 0.35 0.0073
22 0.3277 0.35 0.0086
24 0.388 0.35 0.0102
26 0.459 0.35 0.0121
28 0.5415 0.35 0.0143
30 0.6341 0.35 0.0167
32 0.7273 0.35 0.0192
34 0.7841 0.35 0.0207
35 0.7668 0.35 0.0202
36 0.6792 0.35 0.0179
37 0.4602 0.35 0.0121
38 NaN NaN 0
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Table A4. Third larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.123 0.36 0.0046
10 0.1399 0.36 0.0053
12 0.1591 0.36 0.006
14 0.181 0.36 0.0068
16 0.2059 0.36 0.0078
18 0.2341 0.36 0.0088
20 0.2662 0.36 0.01
22 0.3026 0.36 0.0114
24 0.3436 0.36 0.013
26 0.3893 0.36 0.0147
28 0.4388 0.36 0.0165
30 0.4888 0.36 0.0184
32 0.5289 0.36 0.0199
34 0.531 0.36 0.02
35 0.4978 0.36 0.0188
36 0.4204 0.36 0.0158
37 0.2699 0.36 0.0102
38 NaN NaN 0

Table A5. Fourth larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.124 0.5 0.0043
10 0.1448 0.5 0.005
12 0.169 0.5 0.0058
14 0.1973 0.5 0.0068
16 0.2303 0.5 0.008
18 0.2689 0.5 0.0093
20 0.3139 0.5 0.0109
22 0.3665 0.5 0.0127
24 0.4278 0.5 0.0148
26 0.4994 0.5 0.0173
28 0.5831 0.5 0.0202
30 0.6807 0.5 0.0235
32 0.7946 0.5 0.0275
34 0.9277 0.5 0.0321
35 1.0023 0.5 0.0347
36 1.0827 0.5 0.0375
37 1.1519 0.5 0.0398
38 NaN NaN 0
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Table A6. Pre-pupae.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.1392 0.31 0.0054
10 0.1575 0.31 0.0061
12 0.1774 0.31 0.0069
14 0.1987 0.31 0.0077
16 0.221 0.31 0.0086
18 0.2438 0.31 0.0094
20 0.2662 0.31 0.0103
22 0.2872 0.31 0.0111
24 0.3051 0.31 0.0118
26 0.3174 0.31 0.0123
28 0.3211 0.31 0.0124
30 0.3119 0.31 0.0121
32 0.2841 0.31 0.011
34 0.23 0.31 0.0089
35 0.1901 0.31 0.0074
36 0.1397 0.31 0.0054
37 0.077 0.31 0.003
38 NaN NaN 0

Table A7. Pupae.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.0879 0.3 0.0023
10 0.1067 0.3 0.0028
12 0.129 0.3 0.0034
14 0.155 0.3 0.0041
16 0.185 0.3 0.0049
18 0.2192 0.3 0.0058
20 0.2573 0.3 0.0068
22 0.2983 0.3 0.0079
24 0.3408 0.3 0.009
26 0.3815 0.3 0.01
28 0.4154 0.3 0.0109
30 0.4345 0.3 0.0114
32 0.4263 0.3 0.0112
34 0.3719 0.3 0.0098
35 0.3192 0.3 0.0084
36 0.2435 0.3 0.0064
37 0.1394 0.3 0.0037
38 NaN NaN 0
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Table A8. Pre-oviposition females.
Temp (°C) Development rate SD Relative mortality rate
-10 NaN NaN NaN
8 0.8221 0.54 0.8221
10 0.8221 0.54 0.8221
14 0.8221 0.54 0.8221
17 0.8221 0.54 0.8221
20 0.8763 0.54 0.8763
22 0.9145 0.54 0.9145
24 0.9543 0.54 0.9543
26 0.9958 0.54 0.9958
27 1.0173 0.54 1.0173
30 1.0173 0.54 1.0173
38 NaN NaN 0

Table A9. Adult males.
Temp (°C) Development rate SD Relative mortality rate
-10 NaN NaN NaN
8 0.1308 0.54 0.1308
10 0.0944 0.54 0.0944
12 0.0727 0.54 0.0727
14 0.0599 0.54 0.0599
16 0.0529 0.54 0.0529
18 0.0504 0.54 0.0504
20 0.0525 0.54 0.0525
22 0.0603 0.54 0.0603
24 0.0773 0.54 0.0773
26 0.1127 0.54 0.1127
28 0.1897 0.54 0.1897
30 0.3761 0.54 0.3761
32 0.8979 0.54 0.8979
34 NaN NaN 0
36 NaN NaN 0
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Table A10. Adult females.
Temp (°C) Development rate SD Relative mortality rate
-10 NaN NaN NaN
8 0.0649 0.54 0.0649
10 0.0459 0.54 0.0459
12 0.0349 0.54 0.0349
14 0.0285 0.54 0.0285
16 0.0251 0.54 0.0251
18 0.0239 0.54 0.0239
20 0.0248 0.54 0.0248
22 0.0286 0.54 0.0286
24 0.037 0.54 0.037
26 0.0547 0.54 0.0547
28 0.0952 0.54 0.0952
30 0.2058 0.54 0.2058
32 0.6505 0.54 0.6505
34 NaN NaN 0
35 NaN NaN 0

Table A11. Temperature dependent reproduction of female adult Trialeurodes vaporario-
rum (from van Roermund 1995). At each temperature, the maximum longevity is divid-
ed into two classes of equal length. Reproduction is given as the number of eggs laid
per day in these classes.
Temp (°C) Class 1 Class 2
7.5 0 0
8 0.0528 0.0528
10 0.7344 0.7344
14 3.2655 3.2655
18 5.8257 5.8257
22 6.7048 6.7048
26 5.4223 5.4223
30 3.1233 3.1233
34 1.2698 1.2698
35 0.9583 0.9583
36 0 0
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