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Abstract

There are lots of variations on speed, acceleration and engine power during vehicle driving. It is well known
that Green House Gas emissions by these dynamic driving properties are not precisely estimated by the average
speed based emission estimation model which has been currently used in Korea. MOVES are selected as an
appropriate transferable model among Micro-level emission estimation models. Based on MOVES, a novel
emission estimation model can be used in Korea is developed. In this model, MOVES concept of emission
estimation method and the MOVES method of estimating the Micro-level emission rate map is adopted. The
results from the proposed model were compared with those from the average speed based emission model. The
comparison results show the estimated base emission maps are good to be applied in Korea, but needed to be
adjusted to consider the vehicle size differences between the two countries. Therefore, the factors for calibrating
vehicle size difference were calculated and applied to acquired the micro-level emission maps for the Korean
standard vehicle types.
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1) MOBILE, http://www.epa.gov/otag/mobile.htm

2) Motor Vehicle Emission Simulator, http://www.epa.gov/otaq/models/moves/index.htm

3) FAAA: o] AA FAF = T2 (profile) A, WEF 715 AAL WEAIS S Al Faklo] 2H 2 FAAES AP
&S 47] w&o Driving Cycle ¥ Driving Tracezti® .
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5) Design Manual for Roads and Bridges (Department of the Environment, Transport, and the Regions, 1999)
6) MODelling of EMissions and consumption in urban areas(Jost et al., 1992: Joumard et al., 1995)

7) Passenger car and Heavy-duty Emission Model(Rexeis et al.,
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Table 1. Comparisons of Micro-Level emission models

MODEM PHEM VeTess CMEM MOVES
Developer TRL TUG MIRA/VITO UC Riverside US EPA
Cost Not corr'lmeraally 7000 Euro Not known $20 Free
available

v(t), vehicle file, (). vehicle file, v(t), gradient,

Inputs v(t)* engine map, Full-load use of auxiliaries, v(t),vehicle info,

curve, gradient engine file soak time gradient
Outputs FC**, Emissions FC, Emissions FC, Emissions FC, Emissions FC, Emissions
Pollutant CO, HC, NOx, CO, HC, NOx, CO, HC, NOx, CO, HC, NOx, CO, HC, NOy,
COs, PM COs, PM CO9, PM COq CO2, PM, etc.
Types of DOS, Excel macro | user-friendly interface us.e r-friendly us.e r-friendly us.e r-friendly
Program interface interface interface

* Driving cycle, 2F&e] 299 &% **Fuel Consumption

7] LAEA HEHS et E3es a3 Table 1< Boulter et al.(2006)¢] 7|A]7]%F &
&8 o7 A L AY F WE S 2 F A 2EE aoksld HEe o] MOVESE F71
Aste] =S, XA e Al SE 3lo] UERA sEo|t}, mA7|vke] W& A RE S V]
v 2, WEEd wet ALkt dxEY a THoR Huuw wjEyy A W] Aol glout
T A o] v 2 vEE Ys A 3] nAlA Wsle] we} wjEES Edhe A
o]-g&3le] HlEHE A=t e & Apolzt gtk A4, v, A Held &
* VeTess®): Atgke] 8 F 7Pz wep Hol|l A vlwste] BokS wj, 37 TR0 A BY
HEgS AHele BgoR izl e 8 So] 11, HolEHlo] A9 HE D 2 Algo| go]
Foz Uehlin &R, FEAY, LE8AT, 3k, Abgke] Y 5-& Q7ele EFR ) Hlsle mE
2714 %] For veith Al s Sal s AlEEolA By SoayE dFk Alg Ao g
& ol 2 Hola, o]E o] 83t LEEA] wiE MOVESZ} =fjol] 2851710 elg3gt 28 oz detdc)
g5 ks, WEE2 vl Y HlEE & BE
(Steady-state, Jump fraction, Time constant, 2. =L A O]A|7|H HiSEF AN 2§ Jjdt
Transient) 2 =] 3o 2+ =0 dfgsh=
AZH uZA 2] wal w2 ae Ay st MOVESE AtgFe] 5337 7134 K Fo| o] uo]

« CMEM: %] %28 273 ue} 23 A8k 2ol EFHo] glo] AHEAZE BAAG3 AL 5 A
23 eSS Fg3te BEog, A &9 gt W74 Az FAd oA wmEEE T o
QFEre olEzrel ko] Sz AT REWo) 2o Sk Azs wjEF A3 HAd Ao A
uet 249, AgAnE&e Ao 28 Q7 £ BT F dvke Aol vk 28y v= o B =
AAEE 7|9 A8 Lo wg AEdn) 7t MOVESE AR AH&sH™ A5 =2 74
Z4 02 WEES A8AR e AN g2 v, $3 54 5 MOVESY Hlo|H +x& 25 do}
i = A5 (Engine-out emission index)<} Zuj gty HlolHE 2 iAol ARz Aol
E3} H|&(Catalyst pass fraction) 2 A% Th SHE 2485 dF F et ole F% do] ot

« MOVES: ztge] L8279 24 &5 /I&EE, T oE e B TR drled BEE TR o
2@Z3H] (Vehiclel Specific Power, VSP)ell I, beket A 23 REo] wiE EAE E40] s
nEt MEFS el B3or AFYFYPRC of itk ZEu B4 tido] dF AR &3 Red =
(Operating Mode)oll W& wE&XMEW) = gem B e AEAoe] dEo] glom, theket At
Nsle] o] & wat FYPH Ao e AL goo gl YU vjEFS e R 3te Arde
HlEgs 2bg e H Z&Aoltt, wEdF ] Ao Qg wjEF W

8) Vehicle Transient Emissions Simulation Software(Pelkmans et al., 2004; MIRA, 2002).
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Table 2. Operating mode bin definitions

opMode VSP(kW/tonne) | Speed (mph)
opModeName
D Lower |Upper| Lower | Upper

0 Braking® - - - -

1 Idling - - -1 1
11 Low Speed Coasting - 0 1 25
12 Cruise/Acceleration 0 3 1 25
13 Cruise/Acceleration 3 6 1 25
14 Cruise/Acceleration 6 9 1 25
15 Cruise/Acceleration 9 12 1 25
16 Cruise/Acceleration 12 - 1 25
21 |Moderate Speed Coasting| - 0 25 50
22 Cruise/Acceleration 0 3 25 | 50
23 Cruise/Acceleration 3 6 | 25 | 50
24 Cruise/Acceleration 6 9 | 25 | 50
25 Cruise/Acceleration 9 12 | 25 | 50
26 Cruise/Acceleration 12 - | 25 | 50

27 Cruise/Acceleration 12 | 18 | 25 | 50
28 Cruise/Acceleration 18 | 24 | 25 | 50
29 Cruise/Acceleration 24 | 30 | 25 | 50

30 | Cruise/Acceleration | 30 - | 25| 50
33 | Cruise/Acceleration - 6 | 50 | -
35 | Cruise/Acceleration 6 12 | 50 | -
36 | Cruise/Acceleration | 12 50 | -
37 | Cruise/Acceleration | 12 | 18 | 50 | -
38 | Cruise/Acceleration | 18 | 24 | 50 | -

39 Cruise/Acceleration 24 | 30 | 50 -
40 Cruise/Acceleration 30 - 50 -

*Accel { ~2mph or ( ~1mph for 3 consecutive second

/g0l whe} Wi E&o] vl kA Y 1F

1‘4 Table 204 Holx uje} 7o) &
P(kW/tonne)°l wz} =7} —?—.-Q
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(Step 2)

(1) 3 253 MOVESY A% & v

U A 7120 HEEE Ve B
sl %+ AF(NIER Vehicle Type)<

T AL (AR, T FEE vt
H3E & 255 2ol Table 30l FE5t4
U7k MOVESS]
w-§- Atk o] glom, shEAke] A=

MOVESe] A&
El—i 7].7@
o s84 B¢

P FE
T|1FoR

2}ol| H]3)
MOVES7}

Foll nhet B8 AlEgkEo] glof dojd = whH sl

= olgfgol

A0t

Table 3. Vehicle type matching results

MOVES Vehicle Type

?;fi NIER Vehicle Type regClassID
(SourcelD)
Passenger
Car_Mini({1000cc)
Passenger Car Small
Gasoline (1000-1600cc) Light Duty Vehicles
Passenger Car Medium 20(21)
(1600-2000cc)
Passenger Car Big
()2000cc)
Passenger Car Small
(1000-1600cc) Light Duty Vehicles
Passenger Car Medium 20(21)
(1600-2000cc)
RV Small ((2000cc) | &M ggtél\)/ehw]es
RV Medium()2000cc) | &M ?&tgyl )T rucks
Bus_Small({15persons) Light ﬁe(?g Duty
. Bus Medium Light Heavy Duty
Diesel | (15-35persons) 42(32)
Bus_Transit Urfga &ZB)US
Bus_Intercity Bus Heavy 41;5287 Duty
Truck Small Light Duty Trucks
({1tone loading) 30(31)

Truck Medium
(1-5tone loading)

Light Heavy Duty
41(32), 46(52)

Truck Big
(»5tone loading)

Heavy Heavy Duty
46(52), 47(53)

2) Sl ATl B 2H4ELE A EY 54
MOVES«I HloJefull o] 2ol =

g uf

96

Zlo] Ageo] glent, ol4ts
© ¢}, wEk, MOVES oy

T

Table 4. Emission rate for COx(g/sec) by OPmode

MOVES regClassID
OP - -
mode (Gasoline Diesel
RC20 | RC20 | RC30 | RCAL | RC42 | RC46 | RCAT | RCA8
0 ] 099 |09 | 179|191 |19 | 443 | 443 | 443
1 089 | 083|133 | 143 | 141|218 | 218 | 218
11 ] 1.39 | 153199 | 213|216 | 293 | 293 | 293
12| 1.88 | 222|263 | 282|283 | 852 | 852 | 852
13 | 2.72 | 309 | 431 | 462 | 447 | 1561 | 15.61 | 15.61
14 | 348 | 388|598 | 64 | 6.11 | 2278 | 22.718 | 22.78
15 | 422 | 466 | 76 | 814|769 | 288 | 288 | 288
16 | 5.22 | 586 |10.19(10.91 |10.21 | 39.62 | 39.62 | 39.62
21 | 1.82 | 218 | 244|263 |273| 23 | 236 | 236
22 1 215 | 252|306 | 328|328 109|109 |10.9%
23 | 269 | 307 | 451 | 483 |47 | 1816 18.16 | 18.16
24 | 349 | 389|621 |665 | 641 | 26.29|26.29 | 26.29
25 | 455 | 530|791 | 848 | 81 |33813381]3381
27 | 6.01 | 697|109 |11.69|11.06| 46.7 | 46.7 | 46.7
28 | 8.09 | 9.06 | 1428|1529 | 14.7 | 65.38 | 65.38 | 65.38
29 | 11.08 | 12.71119.13] 20.46 | 19.92 | 84.06 | 84.06 | 84.06
30 | 13.89 | 15.90 | 20.81 | 22.25 | 21.74|102.73]102.73]102.73
33 | 272 | 314|467 501 | 5 |97 ]974 | 974
35 | 434 | 506|736 |78 |77 | 298 | 298 | 29.8
37 | 565 | 655 (1019 10.9 | 10.55 | 46.64 | 46.64 | 46.64
38 | 7.36 | 849 | 1258|1343 [13.14|65.29 | 65.29 | 65.29
39 | 9.81 |11.20|1552]16.56 | 16.33 | 83.94 | 83.94 | 83.H4
40 | 12.52 |14.26120.21 | 21.54 | 21.42 | 102.6 | 102.6 | 102.6
A 2RFE 48t 2(3)0l <3l CO.o MlEd<
AET oln] AFAFE 1, BAUFE A4 0.02
AL 0.01965 AHgSc MfERe 43U 243
Walel e} 328 4 gloy, ] wiEAl s dae
Fo] gl] WEe] T A3t 2y Hg Al e
A HEE &) 2 &2 199195 201149 72+ 23
Rl W&o HdEkS FH3I9tHTable 4).
C0,(g) = ECX OFx CCX CW (3)
og71M, EC : ZelUA ARFH(KI)
OF DAk g, 00 - eagtEk(g/K)
ow o AFE R A TR BA|) B

S Adeke e AEsle 5= W=
Ao Foz yepd o 9lnt. 2 A7 AT 2l
Ae A7k EFE A v 2ed 2F% A
25 o] FY ARE YL 5 les WS
ol E= Sl e I A8/l ZAVF AR
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Table 6. Comparison of CO2 emission rate (g/km) by vehicle types
Passenger Car-Gasoline Passenger Car-Diesel RV-Diesel
T@L Sizeea AV AV | AV | AV | Model | AV | AV | Mode T%rzze Si‘;a AV | Model | AV | Model
D | (kph) Mini | Small | Medium| Big | 20(21)* | Small | Medium | 20(21) D | (kph) Small| 20(21) | Medium | 30(31)
n0l | 47 | 367 | 519.1 | 6359 |756.2| 970.8 [456.82| 650.34 |1026.99| n01 | 4.7 |766.89| 1026.99 | 924.40 |1420.63
n03 | 10.8 | 2284 | 315.1 | 393.1 | 452 | 506.87 |280.32| 374.21 | 542.64 | n03 | 10.8 |467.81| 542.64 | 640.55 | 770.79
n05 | 17.3 | 174.6 | 2375 | 299.4 |(337.7| 367.2 |212.59| 273.64 | 398.29 | n05 | 17.3 |353.59| 398.29 | 520.40 | 579.46
n07 | 24.6 | 1428 | 192.3 | 244.3 |271.6] 299.71 |172.90| 216.58 | 328.34 | n07 | 24.6 |286.86| 328.34 | 445.58 | 484.65
n09 | 34.1 | 1185 | 158.1 | 202.3 |[221.9| 242.24 |142.74| 174.34 | 268.31 | n09 | 34.1 |236.27| 268.31 | 385.83 | 393.84
nl2 | 64.1 | 82.7 | 108.2 | 1404 |[150.2| 177.04 | 98.55 | 114.64 | 199.68 | nl2 | 64.1 |162.39| 199.68 | 292.11 | 304.31
nl3 | 77.4 | 102.8 | 1209 | 150.4 [158.9| 175.05 |110.27| 120.30 198 | nl3 | 774 |175.93] 198 326.19 | 308.91
nl4 | 936 | 1179 | 129.7 | 151.6 |161.8] 174.59 [120.28| 125.46 | 198.44 | nl4 | 93.6 |193.19] 198.44 | 329.70 | 320.38
nl5 |108.5] 131.8 | 137.8 | 152.8 |[164.5| 195.6 |129.48| 130.21 | 220.77 | nl15 | 108.5|209.08| 220.77 | 332.92 | 351.6
Adustment | 519 | 0650 | 0.800 |0.882] - | 0533 | 063 | - | AUwtmentlogrsl | oo | -
Factor Factor
Bus-Diesel
;Zze siiia AV | Model q“frﬂji si‘;id AV | Model | UB sz‘z& AV Model AV Model
D | (koh) _Small | 41(31) D | (kph) Medium | 42(32) |Trace ID (koh) _Local 48(42) Intercity | 47(41)
n0l | 4.7 |766.89|1524.18| n01 46 | 933.21 | 1459.08 | nO1 | 4.6 | 2104.48 3183.58 1606.84 3183.58
n03 | 10.8 |467.81| 826.32 | n02 74 756.74 | 1028.33 | n02 | 7.7 | 1611.66 2319.89 1352.56 2319.89
n05 | 17.3 |353.59| 621.1 | n03 | 11.3 | 627.90 | 753.64 n03 | 10.6 | 1365.78 2003.17 1215.45 2000.5
n07 | 24.6 |286.86| 519.47 | n05 | 16.6 | 529.96 | 576.51 n04 | 14.1| 1178.17 1804.65 1104.84 1804.65
n09 | 34.1 |236.27| 422.14 | n06 | 20.2 | 486.03 | 512.67 n05 | 16.3 | 1092.94 1667.03 1052.55 1663.49
nl2 | 64.1 {162.39] 326.23 | n07 | 23.6 | 453.81 | 486.22 n06 | 19.9| 985.62 1578 984.61 1576.93
nl3 | 77.4 |175.93| 330.71 | n08 | 28.1 | 420.20 438.1 n07 | 24.2 | 890.65 1506.4 922.26 1496.44
nl4 | 93.6 {193.19] 34253 | n09 | 35.3 | 379.99 384.1 n08 |27.8| 82893 1383.71 880.46 1382.55
nl5 | 108.5]209.08| 375,53 | nl0 | 44.5 | 343.11 | 331.66 n09 |32.3| 766.96 1318.35 837.38 1309.46
nll | 545 | 313.77 | 303.46 nl0 |37.8| 706.97 1236.43 794.49 1225.173
nl2 | 65.9 | 32371 | 313.81 nll |42.7| 663.73 1176.87 762.75 1161.64
nl3 | 78.6 | 326.45 | 307.67 nl2 |47.3| 631.55 1197.5 737.10 1179.35
nld | 916 | 329.26 323.4
nld | 105.3 | 332.23 | 346.47
Adjustment 0.545 ~ Adjustment 0.935 ~ Adjustment 0.617 ~ 0.616 _
Factor Factor Factor
Truck-Diesel
{1222 Siveza AV | Model Tl\gfe siveia AV | Model | Model EECTQ S‘;Veeea AV Model Model
D | (kph) _Small | 30(31) D | (ph) Medium | 41(32) | 46(52) D | (ko) _Big 46(52) RC47(53)
n0l | 4.7 |551.24]1420.63| n0l 4.7 730.97 | 147342 | 296953 | n01 | 4.6 | 3478.85 2972.18 2986.98
n03 | 10.8 |373.83| 770.79 | n02 7.6 691.32 | 1011.03 | 2264.96 | n02 | 7.2 | 2930.44 2303.16 2321.45
n05 | 17.3 {300.02| 579.46 | n03 | 104 | 654.68 796.81 | 1837.09 | n03 | 10.6 | 2527.06 1969.91 1990.35
n07 | 24.6 |254.56| 484.65 | n05 | 134 | 617.22 | 665.16 | 1590.65 | n04 14 2271.71 1626.99 1650.98
n09 | 34.1 |218.57| 393.84 | n06 | 19.7 | 544.58 520.6 1350.3 | n05 | 17.2 | 2099.53 1473.1 1494.59
nl2 | 64.1 |162.79] 304.31 | n07 | 23.5 | 504.71 49527 | 133049 | n06 | 19.8 | 1989.36 1384.46 1411.54
nl3 | 77.4 {198.42| 308.91 | n08 28 461.34 | 44319 | 122794 | n07 | 24.2 | 1842.22 1276.82 1300.46
nl4 | 93.6 |234.55| 320.38 | n09 35 402.16 | 41169 | 1154.17 | n08 | 27.8 | 1746.95 1201.69 1222.48
nlb [108.5]267.79| 351.6 | nl0 45 335.11 357.33 | 1006.69 | n09 | 344 | 1610.12 1152.3 1179.73
nll | 552 | 287.92 314.05 | 866.76 | nl0 45 1452.75 1006.69 1030.52
nl2 | 634 | 265.51 305.88 | 830.82 | nll | 55.2 | 1343.44 866.76 899.81
nl3 | 781 | 259.97 30945 | 773.07 nl2 | 634 | 1274.05 830.82 870.46
nl4d | 912 | 29251 330.93 | 813.08 | nl3 | 77.8 | 1178.01 760.1 793.61
nl5 | 104.3 | 360.37 355.2 95743 | nl4 | 91.9 | 1105.23 804.17 853.18
nlb | 103.8 | 1054.88 894.41 965.97
Adjustment Adjustment Adjustment
Factor 0571 Factor 0.891 Factor 1.3%
*Model RegClassID(Source Use ID)
et Ests| x| M31A HM6Z, 20134 12 99
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Figure 2. Comparison of emission rate for passenger cars and RVs
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Figure 3. Comparison of emission rate for buses
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Figure 4. Comparison of emission rate for trucks
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Table 7. Comparison of CO, emission rate (g/km) by vehicle types after calibrating

Passenger Car-Gasoline Passenger Car-Diesel
LDV | Ave. . . . ; . . ‘
Trace | Speed A\ Modell AV Model A\: Model A¥ Mocllel AV Model A\ Model
D |(kph) “Mini | Mini | Small | Small | Medium | Medium Big Big Small | Small | Medium| Medium
n0l | 47 | 367 | 503.85 | 519.1 | 631.02 | 6359 776.64 756.2 | 856.25 | 456.82 | 547.39 | 650.34 | 653.17
n03 | 10.8 | 228.4 | 263.07 | 315.1 | 329.47 | 393.1 405.5 452 447.06 | 280.32 | 289.23 | 374.21 | 345.12
n05 | 17.3 | 174.6 | 190.57 | 237.5 | 238.68 | 299.4 293.76 337.7 | 323.87 | 21259 | 212.29 | 273.64 | 253.31
n07 | 24.6 | 142.8 | 155.55 | 192.3 | 194.81 | 244.3 239.77 271.6 | 264.35 | 172.90 | 175.01 | 216.58 | 208.83
n09 | 34.1 | 1185 | 125.72 | 158.1 | 157.46 202.3 193.79 221.9 213.66 | 142.74 | 143.01 | 174.34 170.65
nl2 | 64.1| 82.7 | 91.89 | 108.2 | 115.08 | 140.4 141.63 150.2 | 156.15 | 98.55 | 106.43 | 114.64 | 127.00
nl3 | 774 | 102.8 | 90.85 | 1209 | 113.78 150.4 140.04 158.9 1544 | 110.27 | 105.54 | 120.30 125.93
nl4 [ 93.6 | 117.9 | 90.61 | 129.7 | 11348 | 1516 139.67 161.8 | 153.99 | 120.28 | 105.77 | 125.46 | 126.21
nlb [108.5| 131.8 | 101.52 | 137.8 | 127.14 152.8 156.48 164.5 172.52 | 129.48 | 117.67 | 130.21 140.41
R’ value 0.977 0.992 0.989 0.991 0.991 0.994
Bus-Diesel
LDV Ave. |y | ypoger | MDB | Ave, AV Model B | A AV | Modd | AV | Model
Trace | Speed Small | Small Trace | Speed Medium Medium |Trace ID Speed Local Local | Intercity| Intercity
ID |(kph)|~ - D (kph) | — - (kph) | — - - -
n01 | 4.7 | 766.89 | 830.68 | n0l 46 933.21 1364.24 n01 46 | 2104.48 | 1964.27 | 1606.84 | 1961.09
n03 | 10.8 | 467.81 | 450.34 | n02 7.4 756.74 961.49 n02 7.7 | 1611.66 | 1431.37 | 1352.56 | 1429.05
n05 | 17.3 | 353.59 | 338.50 | n03 11.3 | 627.90 704.66 n03 10.6 | 1365.78 | 1235.96 | 1215.45 | 1232.31
n07 | 24.6 | 286.86 | 283.11 | n05 16.6 529.96 539.04 n04 14.1 | 1178.17 | 1113.47 | 1104.84 | 1111.66
n09 | 34.1236.27| 230.07 | n06 20.2 | 486.03 471.97 n05 16.3 | 1092.94 | 1028.56 | 1052.55 | 1024.71
nl2 | 64.1]162.39| 177.79 | n07 23.6 | 453.81 454.62 n06 19.9 | 985.62 | 973.63 | 984.61 | 971.39
nl3 | 774 | 175.93 | 180.24 n08 28.1 420.20 409.62 n07 24.2 890.65 929.45 | 922.26 921.81
nl4 | 93.6 193.19| 186.68 | n09 35.3 379.99 359.13 n08 278 | 828.93 | 853.75 | 880.46 | 851.65
nld [108.5209.08 | 204.66 nl0 445 343.11 310.10 n09 32.3 766.96 813.42 | 837.38 806.63
nll 54.5 313.77 283.74 nl0 378 | 706.97 | 762.88 | 794.49 | 755.05
nl2 65.9 323.71 294.42 nll 42.7 663.73 726.13 | 762.75 715.57
nl3 78.6 326.45 28767 nl2 473 | 631.55 | 738.86 | 737.10 | 726.48
nl4 91.6 329.26 302.38
nl5 105.3 | 332.23 323.95
R’ value 0.992 R’ value 0.979 R’ value 0.988 0.974
RV-Diesel Truck-Diesel
VI &8 |y htodel | AV | Model [ROVIAYE |y | niodel (NPT ST 4y | hogel [ROT S| ay | e
Trace|Soeed) o | Sonall| Medium| Medium| ot PP oy | smatl | TRACCH SR 3y Mogium | o[PS | g | g
ID | (kph)|~ - - - ID |(kph)|~ - ID | (kph) |- - ID | (kph) | ~ -
n01 | 4.7 [766.89|898.62| 924.40 |1305.56| n01 | 4.7 |551.24|811.18 | n01 | 4.7 | 730.97 | 1312.82 | n01 | 4.6 |3478.85 (4143.22
n03 | 10.8 [467.81|474.81| 640.55 | 708.35 | n03 | 10.8 {373.83|440.12 | n02 | 7.6 | 691.32 | 900.82 | n02 | 7.2 |2930.44 | 3210.6
n05 | 17.3 {353.59| 348.5 | 520.40 | 532.52 | n05 | 17.3 |1300.02| 330.87 | n03 | 10.4 | 654.68 | 709.96 | n03 | 10.6 |2527.06 |2746.06
n07 | 24.6 [286.86| 287.3 | 445.58 | 445.40 | n07 | 24.6 |254.56| 276.74 | n05 | 13.4 | 617.22 | 592.66 | n04 | 14 |2271.71 |2268.03
n09 | 34.1 {236.27]234.77| 385.83 | 361.94 | n09 | 34.1 |218.57|224.88 | n06 | 19.7 | 544.58 | 463.85 | n05 | 17.2 |2099.53 | 2053.5
nl2 | 64.1 [162.39|174.72| 292.11 | 279.66 | n12 | 64.1 |162.79|173.76 | n07 | 23.5 | 504.71 | 441.29 | n06 | 19.8 | 1989.36 [1929.94
nl3 | 77.4 [175.93|173.25| 326.19 | 283.89 | nl3 | 77.4 {198.42|176.39 | n08 | 28 | 461.34 | 394.89 | n07 | 24.2 | 1842.22 [1779.89
nl4 | 93.6 [193.19|174.64| 329.70 | 294.43 | nl4 | 93.6 {234.55|182.94| n09 | 35 | 402.16 | 328.56 | n08 | 27.8 | 1746.95 [1675.16
nl5 [108.5(209.08|193.17| 332.92 | 323.12 | n15 [108.5]267.79|200.76 | n10 | 45 | 335.11 | 273.55 | n09 | 34.4 | 1610.12 | 1606.3
nll | 55.2 | 287.92 | 279.82 | nl10 | 45 |[1452.75(1403.33
nl2 | 63.4 | 265.51 | 272.54 | nll | 55.2 |1343.44|1208.26
nl3 | 78.1 | 259.97 | 275.72 | nl2 | 63.4 | 1274.05|1158.16
nl4 | 91.2 | 292.51 | 294.86 | nl13 | 77.8 |1178.01|1059.58
nl5 | 104.3 | 360.37 | 316.48 | nl4 | 91.9 [1105.23 [1121.02
nlb | 103.8 | 1054.88 [1246.81
R’ value 0.991 0.979 R’ value 0.950 R’ value 0.776 R’ value 0.974
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