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Introduction

Text S1 describes the method used to calculate the rate coefficient for the reaction
between CaCOs3 and O, using the molecular parameters listed in Table S1. The potential
energy surface for this reaction is shown in Figure S1. Text S2 describes the method used
to calculate the rate coefficient for the reaction between CaCOs3 and O, using the
molecular parameters listed in Table S2. Text S3 describes the method used to calculate
the rate coefficient for the reaction between O,CaCQO3z and O, using the molecular
parameters listed in Table S3. The potential energy surface for this reaction is shown in
Figure 2b in the main paper.

Figure S2 shows the vertically integrated Na and Ca meteoric input fluxes used in
WACCM-Na and WACCM-Ca, plotted as a function of latitude and month. Figure S3
shows the monthly mean RMS (root-mean-square) width and centroid height of the Ca
layer from WACCM-Ca, plotted as a function of latitude and month.

Figure S4 compares Na™ and Ca* density profiles measured by rocket-borne mass
spectrometry, compared with WACCM, at a selection of latitudes and seasons. Figure S5
compares the measured and modeled Na column abundance as a function of latitude and
month.

Table S4 lists the monthly mean Ca atom column abundance, as a function of latitude and
month. Table S5 lists the monthly mean Ca* ion column abundance, as a function of
latitude and month.

Text S1. The reaction between CaCOs and O
The rate coefficient for reaction R16 in the paper

CaCO3+ 0O — Ca0O2+ CO2

was calculated using transition state theory (TST). As shown in Figure S1, there is a deep
well before the barrier where the O adds to the Ca. There is then a substantial barrier (33
kJ mol™) to formation of the products. The data required for the calculation is listed in
Table S1, and the rate coefficient is kis = 4.0 x 1022 exp(-4689/T) cm® molecule® s,

Note that although OCaCOs3 formation should be a reasonably fast recombination
reaction, it will not compete with addition of O because the concentration of O is at
least 10° times larger below 85 km.



Table S1. Molecular properties of the stationary points on the potential energy surface
for CaCOs + O (Figure S1), calculated at the B3LYP/6-311+g(2d,p) level of theory with
the Gaussian suite of programs [Frisch et al., 2009].

Molecule Geometry (Cartesian co- | Rotational Vibrational frequencies
ordinates in A) constants (GHz) | (cm™)

CaCOs3 Ca, 0.0,0.0,0.0 12.621. 2.806, 120, 363, 453,
0, 0.0, 0.0, 2.052 2.296 656, 762, 828,
0O, 1.876, 0.0, 0.832 951, 1084, 1752

0, 2.016, 0.0, 3.100
C, 1.357, 0.0, 2.087

OCaCO3 Ca, 0.0, 1.094, 0.0 11.626, 1.278, 26, 59, 85, 233, 277,
0, -1.105, -0.966, 0.0 1.171 381, 521, 668, 821,
0O, 1.128, -0.954, -0.005 1041, 1323, 1462

0, 0.022, -2.851, 0.007
C, 0.015, -1.560, -0.002
0, -0.010, 3.084, -0.698

TSto Ca, 0.0,0.0,0.0 5.342, 1.856, 722i, 65, 118, 184, 211,
products 0, 0.0, 0.0, 2.229 1.378 332, 407, 416, 577,
Ca0O; + CO2 | O, 2.035, 0.0, 0.431 701, 1182, 1937

0O, 1.939, 0.003, 3.467
C, 1.219, 0.002, 2.530
O, 1.814, -0.002, -1.161

Text S2. The reaction between CaCO3 and O>

The rate coefficient for the recombination reaction

CaCOs3 + O2 (+M) — 02CaCOs AH° = -89 kJ mol*
was calculated using Rice-Ramsperger-Kassel-Marcus Theory — see Gémez-Martin and
Plane [2017] for further details. Using the molecular parameters in Table S2, the rate
coefficient is estimated to be:

ko(200 K) = 4.0 x 102® (T/200)3%°> cm® molecule™ s

k-(200 K) = 5.9 x 10" exp(-46/T) cm® molecule™ s

Fc=0.33
where these three parameters required to calculate the recombination rate in the fall-off

region are described in Gémez-Martin and Plane [2017]. The recombination rate constant
at 200 K and [M] = 1 x 10 cm (i.e. around 84 km), is 5.9 x 102 cm® molecule™® s™.



Table S2. Molecular properties of the stationary points on the potential energy surface
for CaCOs + O3 (see Figure 2a for geometries of CaCO3z and O,CaCO:s), calculated at the
B3LYP/6-311+g(2d,p) level of theory with the Gaussian suite of programs [Frisch et al.,

2009].

Molecule Geometry (Cartesian co- | Rotational Vibrational frequencies
ordinates in A) constants (GHz) | (cm™)

CaCOs3 Ca, 0.0,0.0,0.0 12.621. 2.806, 120, 363, 453,
0, 0.0, 0.0, 2.052 2.296 656, 762, 828,
0O, 1.876, 0.0, 0.832 951, 1084, 1752
0, 2.016, 0.0, 3.100
C, 1.357, 0.0, 2.087

02CaCOs3 Ca, -0.737,-0.0, 0.020 9.321, 0.905, 41, 45, 48, 90, 236,
0, 1.251, 1.222, 0.088 0.865 250, 374, 408, 470,
0, -2.846, -0.146, 0.679 674, 820, 1038, 1183,
0O, -2.843, -0.084, -0.658 1341, 1472
0, 3.199, 0.210, 0.048
0, 1.370, -1.005, -0.019
C, 1.908, 0.1405, 0.0390

Text S3. The reaction between O2CaCO3z and O

The reactants O.CaCOz and O are both triplets, so this reaction can take place on singlet,
triplet and quintet surfaces. However, electronic structure calculations show that the
quintet surface is unreactive. The potential energy surface (Figure 2b) shows the
pathways on the singlet and triplet surfaces. The molecular parameters of the stationary
points are listed in Table S3.




Table S3. Molecular properties of the stationary points on the potential energy surface
for 0.CaCOz + O (see Figure 2b), calculated at the B3LYP/6-311+g(2d,p) level of
theory with the Gaussian suite of programs [Frisch et al., 2009].

0, -2.362, -0.3262, -0.0312

Molecule | Geometry (Cartesian co-ordinates | Rotational constants | Vibrational

in A) (GHz) frequencies
(cm™)

02CaCO3 | Ca, -0.737, -0.0, 0.020 9.321,0.905, 0.865 | 41, 45, 48, 90,
0, 1.251, 1.222, 0.088 236, 250, 374,
0, -2.846, -0.146, 0.679 408, 470, 674,
0O, -2.843, -0.084, -0.658 820, 1038,
0, 3.199, 0.210, 0.048 1183, 1341,
0O, 1.370, -1.005, -0.019 1472
C, 1.908, 0.1405, 0.0390

03CaCO3 | Ca, -0.372,0.143, -0.071 6.274,0.690, 0.689 | 37, 43, 45, 93,

triplet 0, 1.700, -0.905, 0.039 153, 218, 238,
0, 1.632, 1.320, -0.130 304, 375, 386,
0O, 3.558, 0.267, -0.021 661, 678, 819,
C, 2.266, 0.226, -0.038 877, 1039,
0, -3.111, 0.059, -0.105 1083, 1347,
0, -2.379, 0.164, 1.029 1473
0, -2.346, 0.001, -1.221

03CaCO3 | Ca, -0.281, -0.812, 0.301 4.158, 0.868, 0.809 | 22, 36, 60, 98,

singlet 0, 1.849, -1.023, -0.063 199, 238, 258,
0, 0.998, 1.021, 0.019 307, 339, 558,
0, 3.191, 0.752, -0.196 660, 712, 831,
C, 2.057,0.271, -0.090 1011, 1037,
0, -2.702, 0.580, -0.251 1106, 1255,
0, -2.092, 0.644, 0.907 1519
0, -2.072,-0.157, -1.142

TS1 Ca, -0.722, 0.445, -0.147 2.611,0.776,0.661 | 94i, 25, 26, 36,
0, 1.319, -0.189, -1.104 63, 76, 86,
0, 1.271, 0.306, 1.074 156, 232, 279,
0O, 3.140, -0.330, 0.114 359, 516, 672,
C, 1.878, -0.063, 0.026 820, 1038,
0, -3.334, -1.705, 0.284 1338, 1469,
0, -2.127,-1.781, 0.327 1572
0, -2.383,1.711, -0.471

TS2 Ca, -0.148, -0.138, -0.005 9.983,0.512,0.498 | 27i, 20, 35, 77,
0, 1.726, -0.221, -1.075 114, 149, 213,
0, 1.649, 0.457, 1.034 331, 371, 594,
0, 3.607, 0.402, -0.042 676, 702, 834,
C, 2.389, 0.221, -0.0281 980, 1029,
0O, -3.683, -0.439, -0.047 1222, 1222,
0, -4.136, -1.562, 0.297 1542




TS3 Ca, -0.592, -1.342, -0.049 3.329, 1.276,0.983 | 161i, 66, 100,
0, 1.610, -1.030, -0.680 146, 230, 267,
0, 0.368, 0.501,0.781 315, 396, 433,
0, 2.779,0.729, 0.225 494, 534, 625,
C, 1.925, -0.012, -0.072 678, 716, 819,
0, -1.853, 1.044, 0.142 917, 1251,
0, -2.422, -0.266, 0.0581 2089
0, -0.511, 0.987, -0.336
02Ca02 | Ca, 0.094, 1.075, -0.005 17.670, 1.686, 1.686 | 42, 42, 151,
singlet 0, -1.710, -0.186, -0.260 347, 386, 414,
O, 1.734, 2.427, -0.635 414, 1084,
0, 1.17183, 2.954, 0.457 1174
0O, -0.850, -0.863, 0.508
OCaCO3 | Ca, 0.001, 1.094, 0.001 11.626, 1.278, 1.171 | 26, 59, 85,
triplet 0O, -1.105, -0.966, -0.004 233, 277, 381,
0, 1.128, -0.954, -0.005 521, 668, 821,
0, 0.022, -2.851, 0.007 1041, 1323,
C, 0.015, -1.560, -0.002 1462

0O, -0.010, 3.084, -0.698
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Figure S1. Potential energy surface for the reaction between CaCOs and O, calculated at
the B3LYP/6-311+g(2d,p) level of theory [ Frisch et al, 2009]. Colour scheme: Ca
(yellow); C (grey); O (red).
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Figure S2. Vertically integrated Na and Ca meteoric input fluxes (units: atom cm2s?)
used in WACCM-Na and WACCM-Ca, plotted as a function of latitude and month.
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Figure S3. Monthly mean RMS width and centroid height (units: km) of the Ca layer
from WACCM-Ca, plotted as a function of latitude and month.
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Figure S4. Latitudinal and seasonal variability of observed (symbols) and modelled (solid
lines) Na® and Ca* density profiles (top and bottom panel rows respectively). The datasets
are grouped in panel columns by the latitude of where the rocket-borne mass
spectrometric measurements took place (from left to right 68° N, 51° N and 38°N). The
ion density profiles are averaged by month or season (summer: black; fall/winter: blue).
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Figure S5. Diurnally averaged column abundance of the mesospheric Na layer, plotted as
a function of latitude and month: (a) from a Na climatology [Dawkins et al., 2015]; (b)
calculated by the WACCM-Na model with revised rate coefficients and the new Na
meteoric input function.



Table S4. Monthly mean Ca column abundance (70-110 km) predicted by WACCM-Ca (units:
10" atom cm?)

Latitude Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
-90.00 0.64 151 243 335 495 515 491 373 183 115 0.72 0.2
-88.11 0.64 152 243 332 492 514 489 369 183 115 0.72 0.2
-86.21 0.64 153 246 326 486 511 487 361 185 115 0.72 0.2
-8432 0.65 156 25 318 478 507 482 35 189 115 0.74 053
-82.42 0.65 158 254 3.09 468 502 474 337 194 116 0.75 0.53
-80.53 0.66 1.61 2.6 3 458 496 464 324 199 1.18 0.77 0.54
-78.63 0.67 164 265 295 443 489 452 311 204 121 079 0.55
-76.74 0.69 1.69 2.7 29 4.26 48 438 299 206 126 082 0.56
-74.84 0.71 176 273 285 4.05 4.69 42 289 208 13 085 0.58
-7295 0.73 185 274 282 384 454 4 282 208 136 09 061
-71.05 0.76 194 275 28 367 434 379 278 208 141 095 0.64
-69.16 0.8 203 274 279 355 413 36 276 208 147 1.01 0.68
-67.26 0.85 212 272 278 347 395 347 272 208 152 1.09 0.72
-65.37 091 22 271 276 34 383 339 269 208 157 118 0.78
-63.47 1 227 27 275 335 376 333 266 208 162 128 0.86
-61.58 1.11 234 269 273 331 369 326 263 208 166 1.38 0.95
-59.68 1.23 241 267 271 326 3.63 32 26 208 17 147 1.06
-57.79 134 247 265 269 323 357 313 256 207 173 155 1.17
-55.89 146 252 263 266 3.19 35 305 251 206 175 1.62 1.29
-54.00 157 255 26 264 315 343 297 247 204 175 168 141
-52.11 168 259 258 261 31 335 289 243 202 1.75 173 152
-50.21 1.79 261 256 258 3.05 327 281 238 2 175 176 1.63
-4832 189 264 254 255 299 318 273 233 198 174 178 1.72
-46.42 198 267 251 252 293 31 265 227 195 172 179 18
-4453 205 268 249 249 286 303 258 222 193 171 18 1.87
-42.63 211 267 246 246 279 296 251 217 191 17 18 193
-40.74 216 265 244 243 272 288 245 213 189 169 18 1.98
-38.84 22 261 242 239 266 281 239 208 188 169 181 203
-36.95 221 257 239 236 259 274 233 204 186 169 182 2.06
-35.05 222 253 237 233 253 267 228 201 186 169 183 208
-33.16 221 248 234 231 247 26 224 198 185 169 184 21
-31.26 219 244 232 229 242 253 22 195 185 1.7 185 21
-29.37 217 239 23 226 237 246 216 193 185 171 186 211
-27.47 215 234 228 224 231 24 213 192 185 1.73 187 211
-2558 213 23 225 222 226 235 211 19 186 175 188 21
-23.68 2.1 225 223 22 222 23 209 19 188 178 189 2.09
-21.79 208 221 22 218 218 226 207 19 19 18 19 208
-19.89 2.06 217 216 216 215 223 206 19 191 182 191 206
-18.00 203 213 213 214 211 22 206 191 193 184 1.92 205
-16.11 2 209 209 211 208 217 205 191 195 186 1.92 204
-1421 197 206 206 209 205 215 205 192 196 188 193 202
-1232 195 202 203 206 202 213 205 193 197 19 194 201
-10.42 1,92 1.99 2 204 199 211 205 193 199 192 195 1.99
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Table S5. Monthly mean Ca* column abundance (70-110 km) predicted by WACCM-Ca
(units: 107 atom cm™)

Latitude Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
-90.00 153 372 353 26.8 323 337 334 275 225 176 163 11.9
-88.11 153 372 352 268 322 336 333 274 224 176 163 119
-86.21 154 373 349 26.7 320 335 332 272 223 176 165 120
-8432 155 375 346 266 316 332 33.0 270 222 176 16.6 12.1
-82.42 157 377 342 264 312 33.0 326 26.7 220 17.7 169 124
-80.53 16.1 380 337 262 308 327 322 265 218 179 173 127
-78.63 165 383 331 260 305 325 318 262 217 180 17.7 131
-76.74 170 386 324 257 302 322 314 260 216 182 183 13.6
-74.84 176 39.0 316 254 299 320 310 257 215 184 189 14.2
-7295 183 392 309 250 295 319 30.7 254 214 186 19.6 149
-71.05 190 395 302 248 29.1 31.8 303 251 213 188 204 1538
-69.16 199 39.7 295 245 287 318 299 248 213 190 213 16.8
-67.26 210 399 288 243 283 31.6 294 245 212 193 222 180
-65.37 223 401 283 242 280 313 289 243 212 195 231 194
-63.47 238 403 279 240 27.7 31.0 284 241 212 19.7 240 20.9
-61.58 253 404 276 237 274 306 281 239 211 198 247 226
-59.68 269 406 272 236 27.2 30.3 27.7 237 210 199 253 243
-57.79 285 40.7 268 234 27.0 301 274 234 209 199 257 26.0
-55.89 30.0 40.7 265 232 269 299 270 232 208 19.8 26.0 27.6
-54.00 314 40.7 262 231 26.7 29.7 26.6 229 20.7 19.7 26.0 29.0
-52.11 327 405 259 230 26.6 295 26.2 226 205 195 259 30.2
-50.21 337 401 258 229 265 293 258 223 204 193 257 310
-48.32 345 396 256 228 263 29.0 253 220 203 19.1 253 31.6
-46.42 349 391 254 228 261 288 249 217 20.1 19.0 250 32.0
-4453 351 384 252 227 258 285 244 214 200 188 247 322
-4263 351 375 250 226 255 283 24.0 210 199 187 244 322
-40.74 348 364 249 226 252 28.0 23.6 20.7 198 186 24.1 322
-38.84 343 352 248 225 249 277 232 204 19.7 186 239 320
-36.95 337 34.0 247 225 247 274 228 20.1 196 186 23.8 31.7
-35.05 33.0 329 246 225 244 270 224 199 196 18.6 23.7 314
-33.16 323 317 246 224 242 265 222 198 196 186 23.6 30.9
-31.26 315 30.7 245 224 240 26.1 219 197 19.7 188 236 30.3
-29.37 306 29.7 245 224 237 257 217 19.6 198 19.0 23.6 29.7
-27.47 298 287 244 225 235 254 215 195 200 19.2 236 29.1
-2558 29.0 278 244 225 233 250 214 196 202 19.6 236 28.4
-23.68 282 270 243 226 231 247 214 197 205 199 235 277
-21.79 275 263 241 227 23.0 245 214 199 208 203 235 27.1
-19.89 26.8 257 24.0 228 229 244 215 201 212 20.7 235 26.4
-18.00 26.1 251 23.8 229 228 242 217 203 216 21.1 235 2538
-16.11 254 246 236 229 227 241 218 205 219 214 234 253
-1421 248 241 234 229 226 241 220 208 222 21.7 233 2438
-1232 242 236 232 229 226 240 222 210 225 220 233 243
-10.42 236 231 231 228 225 240 224 213 229 223 232 2338



-8.53
-6.63
-4.74
-2.84
-0.95

0.95

2.84

4.74

6.63

8.53
10.42
12.32
14.21
16.11
18.00
19.89
21.79
23.68
25.58
217.47
29.37
31.26
33.16
35.05
36.95
38.84
40.74
42.63
44.53
46.42
48.32
50.21
52.11
54.00
55.89
57.79
59.68
61.58
63.47
65.37
67.26
69.16
71.05
72.95
74.84
76.74

23.1
22.6
22.1
21.7
21.3
20.9
20.6
20.4
20.2
20.1
20.0
19.9
19.8
19.8
19.7
19.7
19.6
19.6
19.6
19.6
19.6
19.7
19.8
19.9
20.1
20.3
20.5
20.8
20.9
21.0
21.1
21.1
21.1
21.1
21.0
21.0
20.9
20.9
21.1
21.2
21.4
21.7
21.8
22.0
22.2
22.5

22.7
22.2
21.8
21.3
20.9
20.5
20.2
19.9
19.6
19.3
19.1
18.8
18.6
18.3
18.0
17.7
17.4
17.1
16.8
16.5
16.2
16.0
15.8
15.7
15.6
15.6
15.7
15.7
15.8
15.9
16.0
16.1
16.2
16.2
16.2
16.3
16.4
16.5
16.6
16.7
16.9
17.0
17.2
17.4
17.6
17.7

22.9
22.8
22.6
22.4
22.2
21.9
21.6
21.2
20.9
20.5
20.1
19.6
19.1
18.6
18.1
17.6
17.0
16.5
16.1
15.6
15.2
14.8
14.4
14.1
13.8
13.5
13.3
13.1
13.0
12.9
12.8
12.7
12.7
12.7
12.7
12.8
12.9
12.9
13.0
13.0
13.1
13.2
13.3
13.4
13.5
13.6

22.8
22.6
22.4
22.2
21.9
21.6
21.2
20.9
20.5
20.2
19.8
194
19.0
185
18.1
17.6
17.1
16.7
16.3
15.8
154
151
14.7
14.4
141
13.8
13.6
13.3
13.1
12.9
12.8
12.7
12.5
12.4
12.2
121
12.0
11.9
11.8
11.8
11.8
11.9
12.0
121
12.3
12.4

22.4
22.4
22.3
22.3
22.3
22.2
22.2
22.1
22.1
22.0
22.0
21.9
21.7
21.5
21.3
21.0
20.7
20.4
20.0
19.7
19.4
19.1
18.8
18.6
18.4
18.2
18.1
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.1
18.2
18.3
18.5
18.7
18.9
19.1
19.2
19.3
19.3
19.3

23.9
23.9
240
24.0
240
24.1
24.2
24.2
24.4
24.6
24.9
25.3
25.6
25.8
26.0
26.2
26.3
26.4
26.5
26.5
26.6
26.5
26.4
26.2
25.9
25.5
25.0
24.4
23.8
23.1
22.4
21.7
21.0
20.4
19.8
19.3
18.9
18.5
18.1
17.8
17.5
17.3
17.1
16.9
16.7
16.5

22.6
22.7
22.9
23.0
23.2
23.3
235
23.7
23.9
24.2
245
25.0
25.6
26.1
26.7
27.3
28.0
28.6
29.3
29.9
30.6
31.2
31.6
31.9
32.0
31.8
314
30.6
29.6
28.5
27.3
26.1
25.0
23.9
22.9
22.0
21.2
20.4
19.8
19.3
18.8
18.4
18.0
17.7
17.5
17.3

215
21.7
21.9
22.1
22.2
22.4
22.5
22.5
22.5
22.6
22.8
23.2
23.7
24.1
24.6
25.1
25.6
26.2
26.7
27.3
28.0
28.8
29.6
30.4
311
31.8
324
33.0
33.3
33.6
33.8
33.9
34.0
34.0
33.9
33.8
33.7
33.4
33.1
32.9
32.6
32.4
32.2
32.2
32.2
32.2

23.2
23.4
23.6
23.9
24.0
24.0
23.9
23.8
23.6
23.3
23.2
23.2
23.2
23.2
23.2
23.2
23.2
23.0
22.9
22.7
22.5
22.3
22.1
21.8
215
21.3
21.1
21.0
20.9
20.9
21.1
21.2
21.4
21.7
21.9
22.1
22.3
22.6
22.8
23.1
23.4
23.8
24.3
24.9
255
26.1

22.6
22.9
23.1
23.4
23.5
23.6
23.5
23.3
23.0
22.8
22.7
22.7
22.7
22.7
22.7
22.6
22.4
22.1
21.8
21.5
21.1
20.7
20.3
20.0
19.6
19.3
19.0
18.9
18.7
18.5
18.3
18.2
18.0
17.9
17.8
17.6
17.5
17.5
17.5
17.4
17.4
17.5
17.6
17.9
18.1
18.5

23.2
23.2
23.1
23.0
22.9
22.8
22.6
22.4
22.3
22.1
22.1
22.1
22.2
22.2
22.1
22.1
22.0
21.9
21.8
21.6
215
21.3
21.1
20.9
20.7
20.5
20.4
20.2
20.1
19.9
19.8
19.8
19.7
19.7
19.6
19.6
19.5
195
19.5
19.6
19.7
19.8
20.0
20.1
20.2
20.3

23.4
23.0
22.7
22.3
22.0
21.6
21.3
21.1
20.9
20.8
20.8
20.8
20.8
20.8
20.8
20.8
20.8
20.9
20.9
21.0
21.2
21.3
215
21.7
21.9
22.1
22.3
22.5
22.7
22.8
23.0
23.1
23.2
23.2
23.2
23.2
23.2
23.2
23.3
23.3
23.4
23.2
23.1
23.0
22.9
22.8



78.63
80.53
82.42
84.32
86.21
88.11
90.00

22.7
23.1
234
23.6
23.8
24.0
24.1

17.8
17.8
17.8
17.9
18.0
18.1
18.1

13.8
14.0
14.3
14.5
14.6
14.8
14.9

12.5
12.6
12.6
12.7
12.7
12.8
12.8

19.3
19.3
19.3
19.3
19.3
19.4
19.4

16.3
16.2
16.1
16.1
16.1
16.1
16.1

17.1
17.0
16.9
16.8
16.7
16.7
16.6

32.2
32.2
32.2
32.1
32.0
31.9
31.8

26.6
27.1
27.5
27.9
28.1
28.1
28.2

18.8
19.1
19.4
19.6
19.7
19.8
19.9

20.4
20.5
20.7
20.9
21.1
21.2
21.3

22.8
22.8
22.9
23.1
23.3
23.4
23.5
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