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Height estimation
As stem heights were only measured for a sample of stems in each plot, it was necessary to estimate unmeasured heights using height/DBH regression models fitted to height measurements of all live, non-leaning stems measured twice (i.e., in both 2002-07 and 2009-14). Height measurements of leaning stems undertaken during the first measurement cycle were considered unreliable and were therefore not used in deriving the height/DBH relationship. Furthermore, as described in Kimberley and Beets (2016) tests suggested different criteria were used to select height trees in each measurement cycle. Therefore, to ensure that height changes represented genuine growth effects, only non-leaning stems measured in both measurement periods were used to develop the models. For these non-leaning trees, tree height was assumed to be the measured stem length.

The method used the following general relationship between stem height, H (m), and breast height diameter, D (cm) that has proved suitable for model stem height in New Zealand’s natural forest:
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As a first step, this model was fitted to the measurement data pooled across all plots and measurements using the following linearised form:
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where, Hij is height of stem j of species i, Dij is breast height diameter, and eij is a random error term assumed normal and iid (independently and identically distributed) with zero mean. The model was fitted as a random coefficient regression model with the assumption that the species-level slope and intercept terms, ai and bi,, were normally distributed and correlated. The model was fitted using the SAS (Version 9.3) procedure MIXED. Predictions of the slope and intercept parameters for each species provided by this model given in Table S1 below.

All measurements of live, non-leaning trees and shrubs measured twice were then converted into a variable Yijkl, for species i, stem j, in plot k and measurement l, as follows:
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The aim of this step was to largely eliminate species differences from the measurement data. The SAS procedure GLM was then used to fit linear regression models for each plot k. In each regression model, a common slope parameter dk was fitted, but separate intercepts ckl were fitted for each measurement l. The model form was:
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where eijkl is the error term assumed iid. Predicted values YPred were obtained from these regressions for all stems (including those not measured for height). This equation was then reversed to provide height predictions for each stem from its breast height diameter D using:

      	[S5]		+1.35 

Finally, because back-transformed predictions are generally biased, a bias-correction procedure was applied using the ratio R, calculated using measurements of live, non-leaning trees and shrubs measured twice: 
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Individual values of R were calculated by plot and measurement for each species with three or more height measurements. For species with fewer than three height measurements in a plot, the mean value of R across all species was used. The final predicted height, , of each stem was calculated using: 
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For tree ferns, cabbage trees and palms there was no strong relationship between stem height and DBH, and a simpler approach using means was used to estimate stem heights. When three or more height measurements of non-leaning live stems for a given tree fern, cabbage tree or palm species were captured in a plot, their mean height was used as the predicted height of all stems of that species. For tree fern, cabbage tree and palm species with less than three height measurements, the mean of height measurements of all tree fern, cabbage tree and palm species present for each time period in a plot was used. 

Table S1. Regression coefficients ai and bi for each species
	Species name
	ai
	bi

	Acer pseudoplatanus      
	0.5155
	0.4223

	Ackama rosifolia      
	0.5776
	-0.2433

	Agathis australis      
	1.0721
	-1.3156

	Alectryon excelsus      
	0.3274
	0.0119

	Alseuosmia macrophylla      
	0.1588
	0.1501

	Archeria racemosa      
	-0.1697
	0.1188

	Archeria traversii      
	-1.0511
	1.0883

	Aristotelia serrata      
	-0.1400
	0.4832

	Ascarina lucida      
	0.1167
	-0.1539

	Beilschmiedia sp.
	-0.3883
	-0.4067

	Beilschmiedia tawaroa      
	0.1246
	-0.0551

	Beilschmiedia tarairi      
	0.4378
	-0.2119

	Beilschmiedia tawa      
	0.7085
	-0.4131

	Berberis glaucocarpa      
	0.2033
	-0.0795

	Brachyglottis buchananii      
	-0.8758
	0.5600

	Brachyglottis elaeagnifolia      
	-0.3660
	-0.1918

	Brachyglottis kirkii      
	-0.3236
	-0.3313

	Brachyglottis kirkii var. angustior
	0.1814
	0.1022

	Brachyglottis repanda      
	-0.3531
	0.6511

	Brachyglottis rotundifolia      
	-0.4716
	0.1932

	Buddleja davidii      
	0.1115
	0.0787

	Carmichaelia aligera      
	-0.0161
	0.0094

	Carmichaelia australis      
	0.0924
	-0.4321

	Carmichaelia carmichaeliae
	-0.1478
	-0.0353

	Carmichaelia grandiflora      
	0.1188
	0.0724

	Carpodetus serratus      
	-0.2670
	0.5974

	Coprosma sp. (T)     
	-0.4763
	0.1299

	Coprosma arborea      
	-0.1930
	0.7432

	Coprosma areolata      
	-0.2713
	0.6323

	Coprosma ciliata      
	-0.3603
	0.4078

	Coprosma colensoi      
	0.1677
	-0.1758

	Coprosma crassifolia      
	-0.0658
	-0.0251

	Coprosma depressa
	0.2156
	-0.1125

	Coprosma dumosa
	-0.1170
	-0.0015

	Coprosma species 'P' dumosa
	-0.1670
	0.0114

	Coprosma foetidissima      
	-0.7658
	1.1700

	Coprosma grandifolia      
	-1.0128
	1.7599

	Coprosma linariifolia      
	-0.2611
	0.4766

	Coprosma lucida      
	-0.8400
	1.2547

	Coprosma microcarpa      
	-0.2182
	-0.3336

	Coprosma macrocarpa subsp. minor
	-0.1753
	0.0651

	Coprosma parviflora      
	0.0688
	-0.1558

	Coprosma propinqua      
	0.2757
	-0.5685

	Coprosma pseudociliata G.T.Jane     
	-0.0405
	-0.0089

	Coprosma pseudocuneata      
	-0.4176
	-0.0214

	Coprosma propinqua × Robusta    
	-0.1118
	0.1455

	Coprosma rhamnoides      
	-0.1164
	-0.1323

	Coprosma rigida      
	-0.4708
	-0.1449

	Coprosma robusta      
	-0.2733
	0.4644

	Coprosma rotundifolia      
	-0.2319
	0.3302

	Coprosma rugosa      
	-0.1791
	-0.0768

	Coprosma tayloriae A.P.Druce     
	-0.9349
	1.0382

	Coprosma tenuifolia      
	0.1487
	-0.0652

	Coprosma ×cunninghamii      
	-0.0636
	-0.0242

	Coriaria arborea      
	-0.6712
	0.8007

	Corokia cotoneaster      
	-0.0913
	-0.0596

	Corynocarpus laevigatus      
	0.1070
	0.1631

	Crataegus monogyna      
	0.7478
	-0.1697

	Cryptomeria japonica      
	0.9198
	-1.2235

	Cupressus macrocarpa      
	0.5099
	-0.4941

	Cyathodes juniperina      
	-0.1044
	-0.3312

	Cytisus scoparius      
	-0.4773
	0.1352

	Dacrydium cupressinum      
	1.0562
	-1.3312

	Dacrycarpus dacrydioides      
	1.0287
	-0.8963

	Discaria toumatou      
	-0.8325
	0.4837

	Dracophyllum species      
	0.2179
	-0.0737

	Dracophyllum filifolium      
	-0.3255
	0.2304

	Dracophyllum latifolium      
	0.0448
	0.1005

	Dracophyllum longifolium      
	-0.2869
	0.1971

	Dracophyllum subulatum      
	-0.2447
	-0.1445

	Dracophyllum townsonii      
	0.3333
	-0.0903

	Dracophyllum traversii      
	-0.3560
	0.5464

	Dysoxylum spectabile      
	0.1384
	0.1659

	Elaeocarpus dentatus      
	0.2751
	0.2723

	Elaeocarpus hookerianus      
	0.5820
	-0.6246

	Erica lusitanica      
	-0.1665
	-0.0857

	Eucalyptus species      
	1.4133
	-1.6533

	Freycinetia banksii      
	0.7015
	0.2383

	Fuchsia excorticata      
	-0.6781
	1.1411

	Geniostoma ligustrifolium      
	-0.5897
	0.8839

	Geniostoma rupestre      
	-0.6443
	0.1295

	Geniostoma rupestre var. ligustrifolium
	-0.3818
	0.7826

	Griselinia littoralis      
	-0.5571
	0.6177

	Griselinia lucida      
	0.3899
	-0.6195

	Hakea sericea      
	-0.1548
	-0.0754

	Halocarpus bidwillii      
	-0.6748
	0.8888

	Halocarpus biformis      
	-0.5033
	0.1727

	Hebe parviflora      
	-0.1734
	-0.0179

	Hebe salicifolia      
	0.3021
	-1.1256

	Hebe stricta      
	-0.1637
	0.1922

	Hedycarya arborea      
	-0.1707
	0.6666

	Hoheria glabrata      
	-0.3956
	0.7555

	Hoheria lyallii      
	-0.5374
	0.3722

	Hoheria populnea A.Cunn.     
	0.6699
	-0.5995

	Ixerba brexioides      
	0.0719
	0.0386

	Knightia excelsa      
	0.7532
	-0.5639

	Kunzea ericoides      
	0.5375
	-0.6614

	Kunzea ericoides var. ericoides
	0.2306
	-0.0632

	Laurelia novae-zelandiae      
	0.5009
	-0.0903

	Lepidothamnus intermedius      
	-0.2126
	0.0521

	Leptecophylla juniperina (J.R.Forst. & G.Forst.) C.M.Weiller
	-0.6431
	0.5119

	Leptospermum scoparium      
	-0.2964
	0.6353

	Leucopogon fasciculatus      
	-0.5664
	0.7137

	Leycesteria formosa      
	-0.2492
	0.4388

	Libocedrus bidwillii      
	0.4370
	-1.0605

	Litsea calicaris      
	0.7280
	-0.5839

	Lophomyrtus bullata      
	0.3633
	0.0580

	Lophomyrtus obcordata      
	-0.0326
	0.0026

	Macropiper excelsum      
	0.0262
	0.0239

	Manoao colensoi      
	0.6455
	-0.5722

	Melicytus lanceolatus      
	-0.0926
	0.0563

	Melicytus macrophyllus      
	-0.5958
	1.0806

	Melicytus ramiflorus      
	-0.4667
	0.9517

	Melicope simplex      
	0.9842
	-1.1425

	Metrosideros excelsa      
	-0.1559
	-0.4512

	Metrosideros robusta      
	0.6458
	-0.7079

	Metrosideros umbellata      
	0.0175
	0.2188

	Mida salicifolia      
	0.2314
	-0.2670

	Myrsine australis      
	-0.4115
	1.1423

	Myrsine divaricata      
	0.1294
	-0.2391

	Myrsine salicina      
	0.4364
	-0.1851

	Pseudopanax colensoi      
	-0.4566
	0.4394

	Neomyrtus pedunculata      
	-0.1084
	0.3833

	Nestegis cunninghamii      
	-0.0556
	0.7088

	Nestegis lanceolata      
	0.5679
	-0.4834

	Nestegis montana      
	0.3229
	-0.0454

	Nestegis species
	1.0261
	-0.7778

	Nothofagus solandri x fusca
	0.2658
	0.0480

	Nothofagus species      
	0.4601
	-0.3871

	Nothofagus menziesii      
	0.7201
	-0.9872

	Nothofagus solandri      
	0.8020
	-0.8268

	Nothofagus truncata      
	0.6396
	-0.0395

	Olearia albida      
	0.0752
	0.1928

	Olearia avicenniifolia      
	-0.5652
	0.0969

	Olearia colensoi      
	0.0357
	-1.4351

	Olearia ilicifolia      
	-1.4481
	1.1479

	Olearia lacunosa      
	-0.5790
	0.0403

	Olearia nummulariifolia      
	-0.6570
	-0.1065

	Olearia oporina      
	-1.0196
	0.2103

	Olearia paniculata      
	-0.0762
	0.0121

	Olearia rani      
	-0.0414
	-0.0538

	Ozothamnus leptophyllus      
	-0.4430
	0.0807

	Pennantia corymbosa      
	0.0429
	-0.0010

	Phebalium nudum      
	-0.1841
	0.0069

	Phyllocladus alpinus      
	0.2333
	-0.3817

	Phyllocladus glaucus      
	0.8998
	-0.6482

	Phyllocladus species
	0.0804
	-0.0478

	Phyllocladus toatoa Molloy     
	0.7416
	-0.7336

	Phyllocladus trichomanoides      
	0.7972
	-0.7395

	Pinus contorta      
	-0.6580
	0.3533

	Pinus pinaster      
	0.9367
	-1.7389

	Pinus radiata      
	0.6085
	-1.0603

	Piper excelsum subsp. excelsum
	-0.1042
	0.0034

	Pittosporum colensoi      
	-0.4710
	0.7787

	Pittosporum crassifolium
	-0.1108
	0.0744

	Pittosporum divaricatum      
	-0.4354
	0.0629

	Pittosporum eugenioides      
	0.2585
	-0.1073

	Pittosporum rigidum      
	-0.7191
	0.3135

	Pittosporum tenuifolium      
	-0.0602
	0.2546

	Pittosporum umbellatum      
	0.1692
	0.0138

	Pittosporum virgatum      
	0.1131
	-0.0396

	Plagianthus regius      
	0.2630
	-0.0054

	Podocarpus cunninghamii
	0.5823
	-0.8906

	Podocarpus nivalis      
	-0.6391
	0.0867

	Podocarpus totara      
	0.3722
	-0.4586

	Populus alba
	0.6095
	-0.4962

	Populus species      
	0.9723
	-0.9675

	Prumnopitys ferruginea      
	0.8755
	-1.1438

	Prumnopitys taxifolia      
	0.8535
	-0.8088

	Pseudopanax arboreus      
	-0.5801
	0.9156

	Pseudowintera axillaris      
	0.1205
	-0.4381

	Pseudowintera colorata      
	0.0608
	-0.3914

	Pseudopanax crassifolius      
	-0.2221
	0.8931

	Pseudopanax discolor      
	-0.2250
	0.4813

	Pseudopanax ferox      
	0.0299
	0.2821

	Pseudopanax lessonii      
	-0.6509
	0.7388

	Pseudopanax linearis      
	-0.4927
	0.5714

	Psoralea pinnata
	0.1637
	0.0962

	Quintinia acutifolia      
	0.8331
	-0.8305

	Quintinia serrata      
	0.5578
	-0.3589

	Raukaua edgerleyi      
	0.1933
	-0.0054

	Raukaua simplex      
	-0.6502
	1.1038

	Salix cinerea      
	0.1618
	-0.0453

	Salix fragilis      
	-0.1046
	0.2019

	Sambucus nigra      
	-1.2871
	0.9022

	Schefflera digitata      
	-0.5134
	0.7922

	Solanum mauritianum      
	-0.7100
	0.5403

	Sophora chathamica Cockayne     
	-0.1350
	-0.0041

	Sophora microphylla      
	0.1378
	-0.0085

	Sophora tetraptera      
	0.3961
	-0.3582

	Streblus heterophyllus      
	0.1225
	0.1286

	Syzygium maire
	0.6115
	-0.4647

	Toronia toru      
	-0.4542
	0.7779

	Ulex europaeus      
	-0.8730
	1.0381

	Unknown species      
	-0.6237
	-0.5523

	Veronica salicifolia
	-0.4218
	-0.2848

	Vitex lucens      
	-0.0833
	0.1104

	Weinmannia racemosa      
	0.1752
	0.2293

	Weinmannia silvicola      
	0.4432
	-0.4349





[bookmark: _Toc484094145]Prediction errors
We combined prediction errors from models using simple statistical rules described in Chapter 3 of Volume 1 of IPCC (2006). The IPCC rules assume a number of quantities x1, x2, …have % uncertainties U1, U2,… Uncertainties are defined to be half the total width of the 95% confidence interval of the quantity expressed as a percentage. If the quantities combined by addition, i.e., xtotal = x1 + x2 + …, the rule to calculate the % uncertainty of xtotal assuming the uncertainties are independent is:


Rule 1:  

If the quantities are combined by multiplication, i.e., xtotal = x1 × x2 × …, the rule to calculate the % uncertainty of xtotal is:


Rule 2:  

Estimates of model prediction uncertainties obtained for all the models used for predicting carbon and for carbon pools are summarised in Table S2. 

Table S2. Prediction uncertainties (half the total width of a 95% confidence interval expressed as a percentage of the mean) for various model elements and carbon pools.
	Row
	Model element or carbon pool
	Typical value
	Units

	Prediction uncertainty 
	Source

	1
	Stem Volume
	5.59
	m3 stem-1
	3.5
	95% CI of prediction from allometric regression model (Beets et al. (2012b))

	2
	Outerwood Density
	450
	 kg m-3
	1.5
	95% CI of red beech mean outerwood density from density database (Beets et al. (2012b))

	3
	Stem Density / Outerwood Density ratio
	0.905
	unitless ratio
	2.0
	95% CI of estimate (Beets et al. (2012b))

	4
	Stem Density = row 2 × row 3
	407.3
	 kg m-3
	2.5
	Apply Rule 2 to rows 2 & 3

	5
	Carbon fraction
	0.5
	unitless ratio
	2.0
	Estimate based on numerous studies

	6
	Stem Carbon = row 1 × row 4 × row 5
	1138
	kg stem-1
	4.2
	Apply Rule 2 to rows 1, 4 & 5

	7
	Branch Carbon
	257
	kg stem-1
	16.7
	95% CI of prediction from allometric regression model (Beets et al. (2012b))

	8
	Foliage Carbon
	29
	kg stem-1
	29.1
	95% CI of prediction from allometric regression model (Beets et al. (2012b))

	9
	AGB Carbon = row 6 + row 7 + row 8
	1424
	kg stem-1
	4.5
	Apply Rule 1 to rows 6, 7 & 8

	10
	Per hectare AGB Carbon
	133
	tC ha-1
	4.5
	Estimate of carbon per hectare has same prediction uncertainty as carbon per stem

	11
	Root / Shoot ratio
	0.25
	Unitless ratio
	2.0
	Estimate based on numerous studies

	12
	Per hectare BGB Carbon = row 10 × row 11
	33.25
	tC ha-1
	4.9
	Apply Rule 2 to rows 9 & 10

	13
	1 + Root / Shoot ratio
	1.25
	Unitless
	0.4
	Based on row 11

	14
	Per hectare AGB + BGB Carbon = row 10 × row 13
	166
	tC ha-1
	4.5
	Apply Rule 2 to rows 10 & 13

	15
	Volume of measured spar or CWD piece
	1
	m3 piece-1
	3.5
	Use uncertainty of live stem volume

	16
	CWD Density
	450
	 kg m-3
	2.5
	Use uncertainty of live stem density

	17
	Decay Modifier
	0.6
	unitless ratio
	20.0
	Estimate based on earlier studies

	18
	Carbon in measured CWD spar or piece = row 15 x row 16 x row 17
	270
	kg piece-1
	20.5
	Apply Rule 2 to rows 13, 14 & 15

	19
	Per hectare CWD Carbon in measured pieces
	24
	kg ha-1
	20.5
	Estimate per hectare has same uncertainty as piece

	20
	Adjustment for underestimate of CWD
	1.45
	unitless ratio
	15.2
	Bootstrap 95% CI from current study

	21
	Per hectare AG CWD Carbon = product or rows 19 & 20
	34.8
	tC ha-1
	25.5
	Apply Rule 2 to rows 17 & 18

	22
	BG CWD / AG CWD ratio
	0.19
	unitless ratio
	15.0
	Estimate from Garrett et al. (2019)

	23
	1 + BG_CWD/AG_CWD ratio
	1.19
	unitless ratio
	2.4
	Based on row 20

	24
	Per hectare CWD Carbon = row 21 x row 24
	41.4
	tC ha-1
	25.6
	Apply Rule 2 to rows 19 & 21

	25
	Per hectare Litter Carbon
	20
	tC ha-1
	2.0
	Derived from a direct weight and so has no model prediction error other than resulting from the carbon fraction (row 5)

	26
	Per hectare Total Carbon = row 14 + row 24 + row 25
	228.7
	tC ha-1
	5.2
	Apply Rule 1 to rows 10, 12, 22 & 23



Note that the model uncertainty for stock change is the same as for stock, e.g., from Table 1, model uncertainty for both AGB carbon stock and stock change is ±4.5% of the mean.
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