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Appendix 1 – Height–Diameter Dataset and Model Parameters
Species-specific allometric equations for tree height as a function of stem diameter were fitted using a database containing over 64,000 records for 234 species. Data were sourced from the LUCAS natural forest plot network administered by the New Zealand Ministry for the Environment (39,000 records) and from other data held in the National Vegetation Survey Databank (25,000 records). To ensure accurate model fitting, we limited the data to species with N > 30, reducing the dataset to approximately 44,000 records for 87 species. The following functional form was then fitted individually for each species (following Coomes and others 2012):

				(S1)

Where D is stem diameter, A is normalized elevation of the plot (elevation (m a.s.l.) /100), and a, b, c and d are model parameters (Appendix 1 – Table 2). Models were fitted using the nls function in R (R Development Core Team 2010). We also fitted the same function for each of five different growth forms – conifers, Nothofagus species, large (canopy) angiosperm trees, small angiosperm trees and shrubs – and these growth-form parameters were used to estimate height for those species without species-specific parameter values.
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Appendix 1 – Table 1. Descriptive Statistics for the Seven Measurement-Error Plots
	Plot
	N stems
	Mean DBH1 (cm)
	Max DBH1 (cm)
	Slope (°)
	Mean top height (m)
	Community type

	BZ73
	406 ± 4
	7.50 ± 0.16
	58.4 ± 23.99
	3.3 ± 1.5
	9.2 ± 2.9
	Beilschmiedia tawa – Weinmannia racemosa – Melicytus ramiflorus / Ripogonum scandens forest 

	CA72
	181 ± 10
	13.07 ± 0.06
	89.3 ± 0.60
	39 ± 5.3
	7.5 ± 1.5
	Weinmannia racemosa – Griselinia littoralis – Pseudowintera colorata / Blechnum discolor forest

	CB73
	185 ± 5
	12.16 ± 0.09
	160.7 ± 0.40
	12.7 ± 16.8
	16.5 ± 0.7
	Weinmannia racemosa – Cyathea smithii – Prumnopitys ferruginea / Blechnum discolor forest

	CH72
	97± 4
	9.02 ± 0.13
	51.4 ± 0.21
	20 ± 17.3
	18.3 ± 4.7
	Weinmannia racemosa – Cyathea dealbata – Knightia excelsa (Beilschmiedia tawa) / Leucopogon fasciculatus forest 

	CO73
	146 ± 2
	10.03 ± 0.26
	77.9 ± 0.30
	1.7 ± 1.5
	18.0 ± 2.0
	Weinmannia racemosa – Cyathea smithii – Prumnopitys ferruginea / Blechnum discolor forest

	CP73
	105 ± 2
	8.99 ± 0.35
	58.1 ± 0.15
	4.7 ± 0.6
	16.3 ± 3.8
	Pseudowintera colorata – Griselinia littoralis – Nothofagus fusca (Nothofagus menziesii) / Microlaena avenacea forest and successional shrubland

	CT73
	57 ± 3
	14.58 ± 0.46
	60.5 ± 0.50
	37.7 ± 2.1
	16.0 ± 1.0
	Nothofagus solandri – (Nothofagus fusca) / Coprosma microcarpa – Leucopogon fasciculatus forest

	
	
	
	
	
	
	

	DBH = diameter at breast height (1.35 m). Mean values and their associated standard deviations are reported on the basis of three independent measurements at the same point in time. Community type was obtained using a quantitative classification system for woody vegetation in New Zealand (Wiser SK, De Cáceres M 2013. Updating vegetation classifications: an example with New Zealand’s woody vegetation. J Veg Sci 24:80–93).




Appendix 1 – Table 2. Species-specific and Growth-form-specific Height–Diameter Parameters Used in the Analysis
	Species
	Species code
	Growth form
	N trees
	Mean D
	a
	b
	c
	d
	RSD
	SEM

	Ackama rosifolia
	ACKROS
	UT
	81
	14.4815
	21.4241
	−0.0032
	0.0647
	0.7831
	0.3461
	0.0385

	Agathis australis
	AGAAUS
	CO
	33
	42.3303
	24.5524
	−0.0692
	0.0221
	1.1892
	0.2061
	0.0359

	Archeria traversii
	ARCTRA
	SH
	97
	7.5567
	5.804
	0.0546
	0.1954
	0.9335
	0.4309
	0.0438

	Aristotelia serrata
	ARISER
	UT
	243
	6.8523
	8.3053
	0.0014
	0.1154
	1.0047
	0.3403
	0.0218

	Ascarina lucida
	ASCLUC
	UT
	58
	5.8828
	9.7347
	0.0139
	0.0775
	0.9795
	0.2977
	0.0391

	Beilschmiedia tarairi
	BEITAR
	AN
	139
	24.7511
	14.9469
	−0.0053
	0.0858
	0.9594
	0.2557
	0.0217

	Beilschmiedia tawa
	BEITAW
	AN
	1482
	21.9289
	19.7224
	−0.0248
	0.0594
	0.8868
	0.3375
	0.0088

	Brachyglottis repanda
	BRAREP
	UT
	194
	4.3933
	6.1711
	−0.0083
	0.1587
	0.8731
	0.4172
	0.03

	Brachyglottis rotundifolia
	BRAROT
	UT
	283
	6.0728
	3.4633
	−0.0322
	0.0661
	1.4518
	0.4643
	0.0276

	Carpodetus serratus
	CARSER
	UT
	1333
	8.2269
	7.4048
	−0.0006
	0.154
	0.9445
	0.3125
	0.0086

	Coprosma arborea
	COPARB
	UT
	66
	10.3561
	8.4759
	0.0616
	0.153
	0.9527
	0.3447
	0.0424

	Coprosma ciliata
	COPCIL
	SH
	52
	4.0385
	7.5268
	0.0597
	0.2158
	0.7044
	0.3706
	0.0514

	Coprosma crassifolia
	COPCRA
	SH
	49
	3.6735
	2.5065
	0.0355
	0.2686
	1.3425
	0.3277
	0.0468

	Coprosma foetidissima
	COPFOE
	UT
	1103
	4.5879
	4.1412
	0.0075
	0.3321
	0.8664
	0.3675
	0.0111

	Coprosma grandifolia
	COPGRA
	UT
	1130
	4.7755
	3.8292
	−0.0333
	0.383
	0.8908
	0.3037
	0.009

	Coprosma linariifolia
	COPLIN
	UT
	76
	7.9105
	11.4193
	0.0256
	0.0859
	0.9196
	0.3482
	0.0399

	Coprosma lucida
	COPLUC
	UT
	140
	5.6164
	4.9353
	−0.0349
	0.272
	0.7205
	0.3882
	0.0328

	Coprosma propinqua
	COPPRO
	UT
	148
	4.4162
	1.6611
	−0.0678
	0.2238
	1.3824
	0.4344
	0.0357

	Coprosma robusta
	COPROB
	SH
	137
	5.0606
	3.6087
	−0.0378
	0.1787
	1.3506
	0.3659
	0.0313

	Coprosma tayloriae
	COPTAY
	SH
	420
	3.8619
	5.4712
	0.0435
	0.1437
	1.4113
	0.4397
	0.0215

	Cordyline australis
	CORAUS
	UT
	65
	14.8031
	20.6807
	0.022
	0.0132
	1.0992
	0.6422
	0.0797

	Cytisus scoparius
	CYTSCO
	SH
	57
	3.7965
	2.098
	0.0297
	0.0567
	3.0161
	0.2659
	0.0352

	Dacrydium cupressinum
	DACCUP
	CO
	679
	48.699
	56.1581
	0.0061
	0.0196
	0.7897
	0.3985
	0.0153

	Dacrycarpus dacrydioides
	DACDAC
	CO
	200
	26.396
	63.9495
	0.0195
	0.0194
	0.81
	0.2765
	0.0196

	Dracophyllum latifolium
	DRALAT
	SH
	64
	5.775
	6.6634
	0.0212
	0.1122
	1.3279
	0.3265
	0.0408

	Dracophyllum longifolium
	DRALON
	SH
	151
	6.3212
	5.0699
	0.0387
	0.0819
	1.4327
	0.3943
	0.0321

	Dracophyllum traversii
	DRATRA
	UT
	240
	8.1608
	9.1684
	0.0612
	0.0674
	1.6748
	0.6842
	0.0442

	Dysoxylum spectabile
	DYSSPE
	AN
	409
	15.654
	11.6347
	−0.0444
	0.0881
	0.7959
	0.3457
	0.0171

	Elaeocarpus dentatus
	ELADEN
	AN
	266
	30.8936
	17.5353
	−0.0106
	0.0963
	0.7302
	0.255
	0.0156

	Elaeocarpus hookerianus
	ELAHOO
	UT
	153
	13.8497
	16.4939
	0.0113
	0.0596
	0.9465
	0.339
	0.0274

	Geniostoma rupestre
	GENRUP
	UT
	321
	4.3268
	7.2793
	0.0002
	0.1244
	0.9083
	0.3901
	0.0218

	Griselinia littoralis
	GRILIT
	AN
	771
	21.2577
	9.5828
	0.0124
	0.1128
	0.7491
	0.4696
	0.0169

	Hakea sericea
	HAKSER
	CO
	53
	7.5208
	2.12
	−0.6755
	0.1366
	1.2638
	0.2882
	0.0396

	Halocarpus biformis
	HALBIF
	UT
	319
	8.9185
	9.8957
	0.0231
	0.0579
	0.8416
	0.4637
	0.026

	Hebe stricta
	HEBSTR
	SH
	35
	4.3486
	4.841
	0.0145
	0.2072
	0.9874
	0.3555
	0.0601

	Hedycarya arborea
	HEDARB
	AN
	819
	10.8142
	8.786
	−0.0065
	0.1134
	0.9377
	0.361
	0.0126

	Hoheria glabrata
	HOHGLA
	UT
	60
	11.3533
	12.2982
	0.0482
	0.1192
	0.8875
	0.3692
	0.0477

	Ixerba brexioides
	IXEBRE
	AN
	215
	25.1037
	12.1497
	0.0105
	0.0977
	0.834
	0.3251
	0.0222

	Knightia excelsa
	KNIEXC
	AN
	521
	17.742
	23.7642
	0.0202
	0.0523
	0.8981
	0.3251
	0.0142

	Kunzea ericoides
	KUNERI
	AN
	4218
	9.2793
	17.3659
	0.0125
	0.059
	0.9175
	0.3744
	0.0058

	Laurelia novae-zelandiae
	LAUNOV
	AN
	107
	28.2215
	28.0508
	0.0576
	0.0464
	0.876
	0.3669
	0.0355

	Leptospermum scoparium
	LEPSCO
	UT
	2116
	5.5585
	5.8439
	0.0205
	0.1826
	1.0251
	0.4087
	0.0089

	Leucopogon fasciculatus
	LEUFAS
	SH
	692
	4.5478
	9.3332
	0.032
	0.1315
	0.6678
	0.3514
	0.0134

	Libocedrus bidwillii
	LIBBID
	CO
	92
	28.1413
	15.7054
	0.0133
	0.04
	0.995
	0.3341
	0.0348

	Macropiper excelsum
	MACEXC
	UT
	403
	5.0628
	5.3872
	0.026
	0.1419
	1.2345
	0.2616
	0.013

	Melicytus ramiflorus
	MELRAM
	UT
	1526
	12.8478
	8.1242
	0.012
	0.1298
	0.9344
	0.3784
	0.0097

	Melicope simplex
	MELSIM
	UT
	33
	5.1152
	6.809
	0.0451
	0.0589
	2.1606
	0.2719
	0.0473

	Metrosideros umbellata
	METUMB
	AN
	532
	46.4904
	18.3652
	0.0156
	0.0551
	0.7733
	0.4316
	0.0187

	Myrsine australis
	MYRAUS
	UT
	320
	8.0859
	7.0325
	−0.0089
	0.1574
	0.9866
	0.3757
	0.021

	Myrsine divaricata
	MYRDIV
	SH
	361
	4.5834
	5.0989
	0.0409
	0.1178
	1.5141
	0.3858
	0.0203

	Myrsine salicina
	MYRSAL
	UT
	473
	10.3679
	26.0814
	0.0477
	0.074
	0.7864
	0.3696
	0.017

	Neomyrtus pedunculata
	NEOPED
	SH
	258
	4.5717
	10.201
	0.0315
	0.1191
	0.8808
	0.2905
	0.0181

	Nestegis cunninghamii
	NESCUN
	AN
	62
	15.071
	13.3512
	−0.0367
	0.0627
	0.9486
	0.3285
	0.0417

	Nestegis lanceolata
	NESLAN
	UT
	51
	14.349
	8.7991
	−0.1317
	0.0893
	0.9604
	0.3022
	0.0423

	Nothofagus fusca
	NOTFUS
	NF
	1545
	55.4163
	31.1315
	0.0252
	0.0497
	0.8778
	0.279
	0.0071

	Nothofagus menziesii
	NOTMEN
	NF
	3304
	37.3872
	27.2171
	0.0414
	0.0384
	0.9846
	0.4158
	0.0072

	Nothofagus solandri
	NOTSOL
	NF
	2450
	24.5118
	26.272
	0.0306
	0.0383
	0.9308
	0.4285
	0.0087

	Nothofagus truncata
	NOTTRU
	NF
	454
	42.2293
	24.3549
	−0.0021
	0.0677
	0.8313
	0.2915
	0.0137

	Olearia colensoi
	OLECOL
	SH
	167
	7.706
	5.33
	0.0259
	0.0528
	1.2033
	0.5276
	0.0408

	Olearia paniculata
	OLEPAN
	UT
	36
	6.2778
	3.54
	−0.0942
	0.0853
	1.8014
	0.3698
	0.0616

	Olearia rani
	OLERAN
	UT
	338
	9.3633
	6.7727
	0.0195
	0.0879
	1.2406
	0.4196
	0.0228

	Pennantia corymbosa
	PENCOR
	UT
	232
	9.7737
	7.9574
	−0.0374
	0.1038
	0.9207
	0.3919
	0.0257

	Phyllocladus alpinus
	PHYALP
	UT
	610
	7.5479
	20.0568
	0.037
	0.0427
	1.0045
	0.3821
	0.0155

	Phyllocladus toatoa
	PHYTOA
	UT
	34
	10.1294
	16.7759
	0.0362
	0.0377
	1.533
	0.3898
	0.0669

	Phyllocladus trichomanoides
	PHYTRI
	UT
	130
	14.0331
	21.0421
	−0.02
	0.0429
	0.9752
	0.2258
	0.0198

	Pinus contorta
	PINCON
	CO
	91
	10.3527
	20.6433
	0.0596
	0.0664
	1.0923
	0.2992
	0.0314

	Pinus radiata
	PINRAD
	CO
	200
	30.248
	23.2208
	−0.0218
	0.015
	1.2191
	0.3084
	0.0218

	Pittosporum eugenioides
	PITEUG
	UT
	33
	16.2909
	9.8655
	0.0178
	0.0636
	1.2667
	0.2519
	0.0438

	Pittosporum tenuifolium
	PITTEN
	UT
	130
	8.3231
	8.5812
	−0.0254
	0.0922
	0.994
	0.3633
	0.0319

	Podocarpus hallii
	PODHAL
	CO
	1161
	14.0403
	10.7251
	−0.0497
	0.035
	1.1695
	0.5164
	0.0152

	Podocarpus totara
	PODTOT
	CO
	121
	21.2496
	22.5616
	0.0394
	0.0412
	0.8172
	0.3357
	0.0305

	Prumnopitys ferruginea
	PRUFER
	CO
	489
	27.8994
	25.9689
	0.0033
	0.035
	0.9168
	0.3085
	0.014

	Prumnopitys taxifolia
	PRUTAX
	CO
	90
	54.44
	31.1126
	−0.0208
	0.031
	0.8468
	0.3021
	0.0318

	Pseudopanax arboreus
	PSEARB
	UT
	300
	6.852
	13.8253
	0.0429
	0.0937
	0.7047
	0.3504
	0.0202

	Pseudowintera axillaris
	PSEAXI
	UT
	303
	5.7828
	7.0116
	0.0235
	0.1137
	1.039
	0.3805
	0.0219

	Pseudowintera colorata
	PSECOL
	UT
	1712
	5.4321
	5.2365
	0.0132
	0.0825
	1.5143
	0.399
	0.0096

	Pseudopanax crassifolius
	PSECRA
	UT
	472
	7.8962
	9.4296
	0.0077
	0.1465
	0.8911
	0.2822
	0.013

	Pseudopanax lessonii
	PSELES
	UT
	312
	4.8176
	2.7593
	−1.0798
	0.2238
	1.3433
	0.3145
	0.0178

	Pseudopanax linearis
	PSELIN
	UT
	49
	4.9551
	4.2919
	0.0457
	0.1199
	1.859
	0.2482
	0.0355

	Quintinia acutifolia
	QUIACU
	UT
	259
	15.0089
	16.4962
	0.0147
	0.0633
	1.0517
	0.3349
	0.0208

	Quintinia serrata
	QUISER
	UT
	496
	10.3647
	18.8319
	0.0318
	0.0793
	0.8439
	0.389
	0.0175

	Raukaua simplex
	RAUSIM
	UT
	215
	8.9191
	12.0316
	0.0344
	0.1213
	0.7197
	0.3224
	0.022

	Salix fragilis
	SALFRA
	AN
	50
	12.024
	20.7471
	0.0669
	0.085
	0.7739
	0.2238
	0.0316

	Schefflera digitata
	SCHDIG
	UT
	251
	7.5092
	9.8258
	0.0023
	0.1885
	0.4894
	0.4081
	0.0258

	Ulex europaeus
	ULEEUR
	SH
	289
	5.0322
	2.8841
	−0.0892
	0.0837
	1.6241
	0.4903
	0.0288

	Weinmannia racemosa
	WEIRAC
	AN
	3233
	21.0736
	16.0796
	0.0124
	0.0871
	0.7799
	0.3945
	0.0069

	Weinmannia silvicola
	WEISIL
	AN
	252
	18.775
	12.3249
	−0.0968
	0.071
	0.8664
	0.2588
	0.0163

	Angiosperm trees
	NA
	AN
	13076
	17.7223
	17.9279
	0.0198
	0.0712
	0.8155
	0.4086
	0.0036

	Understory trees
	NA
	UT
	16731
	7.5524
	12.3513
	0.0148
	0.0915
	0.795
	0.4472
	0.0035

	Conifers
	NA
	CO
	3243
	26.9753
	32.9911
	0.0043
	0.0237
	0.912
	0.4519
	0.0079

	Nothofagus spp.
	NA
	NF
	7753
	37.1948
	31.578
	0.0379
	0.039
	0.9
	0.4074
	0.0046

	Shrubs
	NA
	SH
	2911
	4.9004
	4.6771
	0.0314
	0.1792
	1.0871
	0.4554
	0.0084

	
	
	
	
	
	
	
	
	
	
	

	Mean D = mean stem diameter. Growth forms UT = understory tree, SH = shrub, NF = Nothofagus spp. AN = angiosperm canopy tree (other than Nothofagus), CO = conifer. SEM = standard error of the mean and RSD = Residual standard deviation (see equations 5, 11 and 12 in main text for further details).




Appendix 2 – Measurement Error
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Appendix 2 – Figure 1. Distribution plots for CV of stem diameter measurements: (a) normal distribution, (b) gamma distribution, (c) square-root-transformed normal distribution, and (d) log-normal distribution. The best fitting distribution is the log-normal, with a mean of −4.5543 and a standard deviation of 0.8286.
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Appendix 2 – Figure 2. Distribution plots for CV of tree height measurements: (a) normal distribution, (b) gamma distribution, (c) square-root-transformed normal distribution, and (d) log-normal distribution. The best fitting distribution is the log-normal, with a mean of −3.166 and SD of 0.8356. Note the small number of values (12 of 290 or 4%) where SD = 0 and therefore CV is undefined have been omitted from the distribution.
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Appendix 2 – Figure 3. Diagnostic plots for the volume model (equation 2 in main text), including fitted values versus deviance residuals plotted on the scale of the link (with individual species shown in color) and the normal quantile plot. Both plots suggest that the residuals are well behaved and approximately normally distributed.
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Appendix 2 – Figure 4. Height–diameter allometry diagnostic plots of fitted values [log (height − 1.35)] versus residuals for the (equation 5 in main text) for the nine most abundant species. Plots suggest that the residuals are relatively well behaved and approximately normally distributed.
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Appendix 2 – Figure 5. Percentage of consistent tree species identifications among teams. Filled portion of each bar is the percentage of stems with consistent IDs and the open portion of the bar is the portion that varied among teams. Data presented for the 22 species that had inconsistent IDs in the data—all other species (n = 47) were identified the same 100% of the time. Six-letter species codes are provided in Appendix 1 – Table 2. Miss-identified species represented approximately 6% of the total biomass across the 7 repeat-measured plots.

[image: ]

Appendix 2 – Figure 6. Carbon implications of common species confusion pairs. Bars show carbon difference for an average-sized tree of each species, in units of MgC ha–1 tree–1, based on a 0.04-ha plot. Average size used is given in brackets for each species combination. Six-letter species codes are provided in Appendix 1 – Table 2. Points represent the absolute difference in wood density between species in each pair. Note high difference in carbon occurs in large individuals with high wood density difference.
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[bookmark: _GoBack]Appendix 2 – Figure 7. Effect of sample size on the minimum detectable carbon change value for natural forest plots (MgC ha–1 y–1) for sampling error only, sampling error with measurement error, sampling error with model uncertainty, and all sources of uncertainty. Results apply at the national scale assuming a 7-year measurement interval, and are based on power analysis with power = 0.8, significance level = 0.05, and standard deviations obtained from model simulations.
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