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 47 
ABSTRACT  48 

Aboveground litter production is an important biogeochemical pathway in forests whereby 49 

carbon and nutrients enter soil detrital pools. However, patterns and controls of aboveground 50 

litter production are often based on an understanding of how autumnal, foliar inputs are related to 51 

aboveground tree production. Here we use three separate data sources of aboveground litter 52 

production in temperate forests to ask how aboveground woody productivity affects foliar litter 53 

production in light of other factors, such as the climate sensitivity of litter production and the 54 

seasonality of not only foliar but also fine woody debris and reproductive litter inputs. We find 55 

that foliar litter production increases with aboveground woody production, and this relationship 56 

is modified both by plant functional group and climate. Basal area also provides a crucial control 57 

on litter production. Conifer forests produce approximately half as much foliar litter as broadleaf 58 

deciduous forests. Litter production is sensitive to both among-site and among-year variation in 59 

climate, such that more litter is produced in warmer, wetter locations and years. On average 72% 60 

of aboveground litter is foliar material, with the remaining split about evenly between fine 61 

woody debris and reproductive material, and although about 88% of broadleaf litter falls during 62 

autumn, only about 61% of needles, 37% of fine woody debris and 43% of reproductive material 63 

falls during the same period. Together these results illustrate key differences in the controls of 64 

litter production in coniferous and deciduous forests, and highlight the importance of often 65 

overlooked litter fluxes, including non-autumn and non-foliar litterfall. 66 

 67 
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INTRODUCTION 71 

The production and decomposition of litter represents a crucial pathway by which carbon and 72 

nutrients enter the soil in forested systems. Much effort has gone into quantifying the controls on 73 

litter decomposition (Schimel et al. 1994; Moorhead et al. 1999; Harmon et al. 2009; Bradford et 74 

al. 2017). Yet controls on litter production have not received the same level of attention, even 75 

though the amount of litter produced is considered to strongly influence belowground food webs 76 

(Wu et al. 2021) and carbon and nutrient stocks and turnover (Leff et al. 2012; Xu et al. 2013; 77 

Huang and Spohn 2015).  78 

One way of assessing how controls of litter production are currently quantified is to 79 

consider how litter is treated in process-based models. In most terrestrial biogeochemical models, 80 

carbon is allocated to plant pools such that aboveground litter production is estimated as a fixed 81 

proportion of net primary productivity (NPP) (Raich et al. 1991; Rastetter and Shaver 1992; 82 

Potter et al. 1993; Fisher et al. 2014; Wieder et al. 2015).  Ultimately then, these terrestrial 83 

biogeochemical models explicitly make the assumption that factors, such as climate, vegetation 84 

type, or soil fertility, influence litter production through control of NPP. These assumptions are 85 

consistent with earlier observational work that investigated controls on patterns of litter 86 

production rates (Meentemeyer et al. 1982; Vogt et al. 1986; Matthews 1997). Yet at the same 87 

time there is awareness that other factors may modify the relationship between tree productivity 88 

and allocation to litter, which then generates significant uncertainty in ecosystem C stocks and 89 

fluxes (Mitchell et al. 2009; De Kauwe et al. 2014; Negrón-Juárez et al. 2015). Plant growth 90 

strategies mediate the relationship between NPP and litterfall rates. This is approximated in 91 

many terrestrial biogeochemical models by using different parameter values for allocation of 92 

NPP to foliar biomass for broadleaf and coniferous forests (Kattge et al. 2009; Alton 2011). The 93 

https://paperpile.com/c/3XPtCj/UP4O+if5i+BnWm+VXG9
https://paperpile.com/c/3XPtCj/UP4O+if5i+BnWm+VXG9
https://paperpile.com/c/3XPtCj/rrVE
https://paperpile.com/c/3XPtCj/pjOn+fI15+972A
https://paperpile.com/c/3XPtCj/pjOn+fI15+972A
https://paperpile.com/c/3XPtCj/fot7x+j73rw+Xs6c+oWsT+XFXS
https://paperpile.com/c/3XPtCj/fot7x+j73rw+Xs6c+oWsT+XFXS
https://paperpile.com/c/3XPtCj/R75c+XkRo+mRy5L
https://paperpile.com/c/3XPtCj/DHEm+cQML+2fnc
https://paperpile.com/c/3XPtCj/lnOF+j4u4
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use of different values is consistent with empirical work showing that plant functional types 94 

allocate biomass differently (Duursma and Falster 2016; Jevon and Lang 2022). However, 95 

although the use of distinct parameter values for different forest types implies that the 96 

relationship between productivity and foliar litter production differs among plant functional 97 

types (e.g. broadleaf deciduous vs. evergreen coniferous), the quantitative importance of this 98 

assumption for litter input rates in light of other modifying factors seems more uncertain.  99 

Climate, like plant functional type, may be a strong modifier of the relationship between 100 

total plant productivity and allocation to litter inputs. Although there is debate over how plants 101 

allocate carbon to different tissues (Mccarthy and Enquist 2007), experimental data suggests that 102 

allocation patterns are sensitive to temperature, with the fraction of biomass found in leaf tissue 103 

increasing with increasing temperature (Poorter et al. 2012). Evidence that these experimental 104 

results translate to what is generally observed across climate gradients is much more limited, but 105 

there is evidence that in colder climates the proportion of total forest biomass in foliage is 106 

smaller for both angiosperm and gymnosperm forests (Reich et al. 2014). These temperature 107 

relationships may be more pronounced for gymnosperms (Reich et al. 2014) and allocation to 108 

needles is also observed to be less for conifers growing in locations with stronger summer 109 

droughts (Delucia et al. 2000). Therefore, in addition to direct climate effects on NPP, climate 110 

sensitivity of biomass allocation may at least partially explain why litter production in both 111 

coniferous and deciduous forests tends to increase with mean annual temperature and 112 

precipitation (Liu et al. 2004). Yet the extent to which these relationships reflect generalizable 113 

and distinct patterns for leaf and needle litter production remains uncertain.  114 

Biomass allocation by trees may also be dependent on interannual climate variation (e.g. 115 

within site but among year variability), with resultant differences to litter production from year to 116 

https://paperpile.com/c/3XPtCj/AFeW+1m1j
https://paperpile.com/c/3XPtCj/FztV
https://paperpile.com/c/3XPtCj/0qwC
https://paperpile.com/c/3XPtCj/3ayv
https://paperpile.com/c/3XPtCj/3ayv
https://paperpile.com/c/3XPtCj/Jcmt
https://paperpile.com/c/3XPtCj/Q6nM
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year. Indeed, there is some observational evidence that interannual variation in litter production 117 

is sensitive to climate, particularly in coniferous forests (Berg and Meentemeyer 2001; Lehtonen 118 

et al. 2008) and additional evidence from other ecosystems, such as grasslands (Ukkola et al. 119 

2021). Overall, climate-driven changes to how individual plants allocate carbon to leaves, roots 120 

and wood may cause variation in litter production over both space and time, and these 121 

relationships may differ among forests and plant functional types. 122 

In addition to these unknowns in the controls of foliar litter production, there has been 123 

very little work quantifying the other components of aboveground litter. Indeed, aboveground 124 

litter is often treated as an undifferentiated pool, with controls that assume all aboveground litter 125 

is foliar (Xu et al. 2013; Fisher et al. 2014, 2018; He et al. 2021). However, aboveground litter 126 

comprises multiple other tissues including fine woody debris (FWD) and reproductive organs. 127 

These different components of aboveground litter can vary dramatically in their timing of input 128 

to the forest floor, in their chemistry (Gosz et al. 1972), decomposition rates (Freschet et al. 129 

2013), and ultimately in how they affect soil organic carbon pools and nutrient availability 130 

(Crow et al. 2009; Bowden et al. 2014). Thus, variation in the absolute and relative amounts of 131 

different litter types, and whether NPP, climate and plant functional type influence production of 132 

these litter types similarly to their influence on foliar litter production, is important to understand 133 

given their downstream effects on forest biogeochemistry, food webs, and the overall ecosystem 134 

carbon and nutrient cycling.  135 

Here we use a combination of datasets from temperate forests to test the sensitivity of 136 

aboveground litter production to forest type and climate. Temperate forests represent 137 

approximately one quarter of global forested land area, and account for more than a third of the 138 

global forest carbon sink (Pan et al. 2011). The striking seasonal leaf phenology in temperate 139 

https://paperpile.com/c/3XPtCj/TxsmA+zyCq
https://paperpile.com/c/3XPtCj/TxsmA+zyCq
https://paperpile.com/c/3XPtCj/aKDO
https://paperpile.com/c/3XPtCj/aKDO
https://paperpile.com/c/3XPtCj/fI15+ykKV+XFXS+eYkG
https://paperpile.com/c/3XPtCj/57Fo
https://paperpile.com/c/3XPtCj/efWw
https://paperpile.com/c/3XPtCj/efWw
https://paperpile.com/c/3XPtCj/xhW2a+6UKJC
https://paperpile.com/c/3XPtCj/veAR
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forests makes them an excellent testbed for questions about litter production, timing, and 140 

composition. They are also convenient systems to ask questions about plant functional types, as 141 

they often contain a diversity of both deciduous broadleaf trees as well as evergreen conifers. We 142 

collate various datasets to test alternative hypotheses describing the relationship between 143 

aboveground woody growth and litter production (Figure 1). We additionally include basal area, 144 

as we expect that both litter production and woody production should increase with greater 145 

standing stock in a forest. We use annual aboveground woody growth (or woody ANPP) to act as 146 

a proxy of NPP for predicting litter production because it allowed us to evaluate relationships 147 

between NPP and litter production at a common, fine spatial grain and hence avoid pitfalls of 148 

data aggregation ((Ruel and Ayres 1999; Bradford et al. 2021). 149 

 Our first hypothesis was based on the common assumption in terrestrial biogeochemical 150 

models that aboveground litter production is a fixed proportion of net primary productivity 151 

(NPP) or standing vegetation biomass (Raich et al. 1991; Rastetter and Shaver 1992; Potter et al. 152 

1993; Fisher et al. 2014). We therefore hypothesized that if aboveground litter production is a 153 

common proportion of productivity, then it should increase in tandem with aboveground woody 154 

productivity (H1, Figure 1). Conversely, some models assume different parameter estimates for 155 

allocation to litter production by broadleaf versus coniferous forests (Kattge et al. 2009; Alton 156 

2011). As such, we hypothesized that relationships between aboveground litter production and 157 

aboveground woody production are dependent on plant functional type (H2, Figure 1). Similarly, 158 

given extensive experimental evidence that biomass allocation can be climate sensitive (Poorter 159 

et al. 2012), we hypothesized that if experimental findings extrapolate to observed patterns, then 160 

allocation to litter production should be greater under warmer and wetter conditions (H3, Figure 161 

1). Given observations that allocation, especially in coniferous forests, is climate sensitive (Reich 162 

https://paperpile.com/c/3XPtCj/jNbw+1NtT
https://paperpile.com/c/3XPtCj/fot7x+j73rw+Xs6c+XFXS
https://paperpile.com/c/3XPtCj/fot7x+j73rw+Xs6c+XFXS
https://paperpile.com/c/3XPtCj/lnOF+j4u4
https://paperpile.com/c/3XPtCj/lnOF+j4u4
https://paperpile.com/c/3XPtCj/0qwC
https://paperpile.com/c/3XPtCj/0qwC
https://paperpile.com/c/3XPtCj/3ayv
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et al. 2014), we further hypothesized that litter production by evergreen coniferous trees may be 163 

more sensitive to climate variation than for deciduous broadleaf species (H4, Figure 1). We also 164 

test whether statistical models that predict foliar litter production as a function of aboveground 165 

woody growth, basal area, and climate can similarly predict the other components of 166 

aboveground litter (fine woody debris, and reproductive litter), and quantify the relative timing 167 

of each pool throughout the year. Finally, we quantify the amount and proportion of each type of 168 

aboveground litter (foliar, fine woody, and reproductive) in temperate forests using three 169 

independent data sources with different spatial and temporal extents.  170 

 171 

https://paperpile.com/c/3XPtCj/3ayv
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 172 

Figure 1. Hypotheses describing alternative relationships between aboveground litter and woody 173 

productivity. In many theoretical and empirical models, (H1) aboveground litter production is 174 

conceived as a static fraction of productivity. This approach implicitly accounts for differences in 175 

overall productivity among sites or years that could be driven by plant functional group, climate, 176 

or other site factors (e.g., soil fertility). Alternatively, (H2) plant functional types may differ in 177 

the fraction of productivity associated with wood vs. leaves, due to differences in relative 178 

turnover times and allocation. Similarly, (H3) the effects of climate on carbon allocation among 179 
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plant organs may cause a shift in the proportional coupling of aboveground litter production and 180 

woody production (e.g. in a warmer year, there may be greater litter production but not greater 181 

woody production). Finally, (H4) plant functional types and climate may interact such that 182 

climate could differentially alter the slopes of the relationships in H1, or climate sensitive 183 

biomass allocation could cause a greater shift in the proportional coupling in one functional 184 

group but not another.  185 

 186 

METHODS 187 

We use three separate data sources with different spatial and temporal extents. First, we use data 188 

from 13 eastern US forests that are part of the National Ecological Observatory Network 189 

(NEON) to test whether geographic climate patterns and/or forest type (e.g. conifer or deciduous 190 

broadleaf) modify the relationship between aboveground productivity and aboveground litter 191 

production. We used only 13 of the 60 NEON sites, which collectively capture ecoclimatic 192 

variability in the United States, to focus our primary analysis on advancing understanding of 193 

controls that operate within a region (i.e. mixed temperate forest). Specifically, our 194 

understanding of controls is scale dependent (Levin 1992) and so we opted for a within-biome 195 

analysis (temperate forests), instead of an among biome comparison, given our expectation that 196 

understanding controls at the region versus broader scales is plausibly most relevant for 197 

informing decadal forecasts of ecological change. These 13 sites represent all deciduous and 198 

mixed temperate forests in the network, except for three longleaf pine ecosystems with markedly 199 

different dynamics given their regular management with active burns. We also use this NEON 200 

dataset to quantify the amount and seasonality of aboveground litter fall in each litter type (foliar, 201 

woody, and reproductive). Second, to test whether litter production is similarly sensitive to 202 

https://paperpile.com/c/3XPtCj/zQOm
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temporal variation in climate, we use a 14-year record of litter production at the Harvard Forest 203 

in central Massachusetts. Finally, we compare estimates of aboveground litter production in each 204 

litter type to temperate forests in a global database of litter production (Holland, E. A., Post, W. 205 

M. et al. 2015). Together, these three datasets capture variation within and among sites (NEON), 206 

over time at a single site (Harvard Forest), and globally (Holland).   207 

NEON dataset (1) 208 

To perform a regional analysis of the controls on aboveground litter production, we use 13 209 

temperate forested NEON sites in the eastern US that range in ecological and climatic 210 

characteristics (Supplemental Fig. 1). These sites include Bartlett Experimental Forest (BART), 211 

Blandy Experimental Farm (BLAN), Dead Lake (DELA), Great Smoky Mountains National 212 

Park (GRSM), Harvard Forest (HARV), Lenoir Landing (LENO), Mountain Lake Biological 213 

Station (MLBS), Oak Ridge National Laboratory (ORNL), Smithsonian Conservation Biology 214 

Institute (SCBI), Smithsonian Environmental Research Center (SERC), Steigerwaldt-215 

Chequamegon (STEI), Treehaven (TREE), and University of Notre Dame Environmental 216 

Research Center (UNDE). General sampling designs at these sites are described in (Thorpe et al. 217 

2016) and in-depth at https://www.neonscience.org/. 218 

Litter fall 219 

To estimate aboveground litter production, we used the litter fall record at each site (NEON 220 

(National Ecological Observatory Network) 2022a). Within each site, there are approximately 20 221 

40-m x 40-m vegetation monitoring plots made up of four 20-m x 20-m subplots. Within two 222 

subplots, litter fall traps are randomly located and collected regularly throughout the year. Data 223 

was available for a total of 464 subplots within 236 plots across the 13 sites. The number of 224 

subplots per site varied from 13 (BLAN) to 44 (BART), but was generally 40 (DELA, GRSM, 225 

https://paperpile.com/c/3XPtCj/B4l7
https://paperpile.com/c/3XPtCj/B4l7
https://paperpile.com/c/3XPtCj/z06w
https://paperpile.com/c/3XPtCj/z06w
https://www.neonscience.org/
https://paperpile.com/c/3XPtCj/mVWZ
https://paperpile.com/c/3XPtCj/mVWZ
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HARV, ORNL, SCBI, SERC, TREE, UNDE). LENO had 21, MLBS had 32 and STEI had 34. 226 

Within each subplot, there are two types of litter fall trap: elevated traps, designed to capture all 227 

types of aboveground litter (0.5 m2), and larger, ground traps (1.5 m2), which are intended to 228 

capture woody litter that may not be well captured by the smaller elevated traps. The elevated 229 

traps are lined with 1-mm mesh, which captures the majority of aboveground litter mass but may 230 

underestimate a few coniferous species with very small needles (e.g some Larix, Tsuga, Picea 231 

species- see NEON TOS Protocol and Procedure: Litterfall and Fine Woody Debris for details).  232 

However, not all traps are actively collecting litter for the entire year, as traps are 233 

occasionally overturned or damaged, resulting in gaps in the litter fall record. In addition, the 234 

interval between collection times differs by site, trap type, and season (with more regular 235 

collections occurring in the autumn at deciduous sites). For the elevated traps, which are 236 

collected more regularly, we account for gaps in litter fall collection and differences in sampling 237 

interval in our annual litter fall estimate by first calculating a daily seasonal litter fall rate by 238 

dividing the total litter mass of each class that fell during that season (either autumn or not 239 

autumn) by the number of “trapping days”: the number of days that trap was actively collecting 240 

litter during that season. We then multiplied this rate by the length of that season, which was 241 

independently estimated using phenological observations (see below). Finally we add together 242 

the two seasonal totals to get an annual estimate of litter mass.  243 

For the ground traps, which are generally only collected approximately once per year, we 244 

also divided the total mass by the number of trapping days then multiplied this by 365 to obtain 245 

an annual estimate. We only used the ground trap estimates for the fine woody debris class, as 246 

the ground traps are not designed to properly capture other litter classes. After comparing annual 247 

estimates of fine woody debris from the elevated and ground traps within the same subplot, we 248 
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found similar total estimates but weak correlation between estimates within the same plot 249 

(Supplemental Figure 3); therefore, when both estimates are available we use the average of the 250 

two trap types within each subplot.  251 

Phenology 252 

To estimate the length and timing of autumn at each site, we used the in-depth phenological 253 

observation data taken at each NEON site (NEON (National Ecological Observatory Network) 254 

2022b). At each site, at least 10 individual trees from at least three dominant tree species (n= 31 - 255 

100 individuals per site per year) are visually monitored for their phenological stage, including 256 

when the individual has falling leaves. Monitoring frequency varies: during seasons when 257 

phenophases are rapidly changing it occurs multiple times per week, but monitoring occurs 258 

regularly throughout the year. A phenophase is always recorded. Therefore we used the 259 

observations of the “falling leaves” phenophase to define autumn at each site as the period of 260 

time after July 1 during which 99% of the “falling leaves” observations occur (e.g. autumn 261 

begins when 0.5% of these observations have occurred and ends when 99.5% of them have 262 

occurred in a given year). We used a site level estimate by taking the mean autumn start and end 263 

dates across years for each site to account for some site:year combinations with missing 264 

phenology observations. Note that these estimates are taken nearby to, but independently from, 265 

the litter collections described above. Thus we could estimate the beginning and end of the 266 

autumn season even when litter collections contain gaps.  267 

Vegetation 268 

To estimate productivity in each plot with a litter fall trap, we used the NEON data product 269 

DP1.10098.001 reporting the DBH of all stems within the vegetation plots (NEON (National 270 

Ecological Observatory Network) RELEASE-2022) We calculated the total basal area within 271 

https://paperpile.com/c/3XPtCj/OXIV
https://paperpile.com/c/3XPtCj/OXIV
https://paperpile.com/c/3XPtCj/UX79
https://paperpile.com/c/3XPtCj/UX79
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each subplot, as well as the basal area broken down by plant functional group (deciduous 272 

broadleaf or conifer). We estimated wood mass for each individual stem (> 1-cm DBH) using 273 

generalized allometric equations from (Jenkins et al. 2003). We then calculated aboveground 274 

woody growth as the change in estimated wood mass between sampling years across all trees in 275 

each subplot. We also assessed how the distribution of plant functional types changes across the 276 

climate gradient of the 13 NEON forests (Figure S4). 277 

Climate data 278 

Temperature and precipitation data from 2016-2021 were extracted from the Parameter-elevation 279 

Regressions on Independent Slopes Model (PRISM) datasets created by the PRISM Climate 280 

Group at Oregon State University (www.prism.oregonstate.edu). We used mean annual 281 

temperature and total annual precipitation estimates at the latitude and longitude of each NEON 282 

site. 283 

Harvard Forest dataset (2) 284 

The second dataset we used is a long-term record from the Harvard Forest, a mixed deciduous 285 

forest in central Massachusetts, USA (Munger and Wofsy 2022). Litter fall at the Harvard Forest 286 

was collected from three baskets (0.13 m2), which were randomly placed in each of 34 plots (10-287 

m radius; 102 baskets total). Each year litter was collected regularly throughout the fall and once 288 

the following spring, dried and weighed. Litter collection, along with sorting of litter to species 289 

(including reproductive and woody litter) occurred from 2000-2015, except that in 2003-2005 290 

litter was not fully sorted and therefore those years were excluded from this analysis. We do note 291 

that the mesh size (2.54 mm spacing) used in these traps may allow for the loss of some of the 292 

smaller needles (including some of the smaller Tsuga canadensis needles, the dominant conifer 293 

at this site) and therefore needle litter production values may be underestimated.    294 

https://paperpile.com/c/3XPtCj/BrQT
http://www.prism.oregonstate.edu/
https://paperpile.com/c/3XPtCj/YaHo
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Using the same approach as described above for the NEON dataset, we estimate 295 

aboveground woody biomass using the generalized allometric equations from (Jenkins et al. 296 

2003), and the aboveground woody growth as the change in biomass from one year to the next. 297 

As trees in these plots are measured several times a year, biomass estimates for individual trees 298 

are based on the maximum DBH recorded for the individual tree in a given year. These data are 299 

then scaled to the plot level. Climate data from this site is collected at the nearby meteorological 300 

station (Boose and Gould 2022). 301 

Statistical analysis for datasets 1 and 2 302 

To test the effect of plant functional group and climate on litter production, we built hierarchical, 303 

linear mixed effects models to evaluate controls on annual foliar litter fall that included plant 304 

functional group, aboveground woody growth, basal area, annual mean temperature, annual total 305 

precipitation, and all two-way interactions with aboveground woody growth. The aboveground 306 

woody growth and basal area terms only included trees of the applicable functional group (e.g. 307 

for a needle litter observation, the basal area and aboveground woody growth terms were both 308 

calculated based on conifers only). As our goal was to test the strength of the relationship 309 

between production and litter fall at fine spatial scales, we use aboveground woody growth as a 310 

proxy for productivity. However, we also include basal area as we expect, a priori, that the 311 

standing stock in the forest will be a strong control on both the litter and the woody production. 312 

For this reason we also test the interaction between aboveground woody growth and basal area, 313 

as well as the collinearity between these two predictors. We used variance inflation factors to test 314 

models for multicollinearity, using a VIF > 2 as an indication of when two variables could not be 315 

included in the same model: in all models reported in the main text, all VIFs were < 2. Variables 316 

were standardized by subtracting the mean and dividing by 2 standard deviations, to allow for 317 

https://paperpile.com/c/3XPtCj/BrQT
https://paperpile.com/c/3XPtCj/BrQT
https://paperpile.com/c/3XPtCj/4VEx
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direct comparison with the binary variable, plant functional type (Gelman 2008). The 318 

standardized coefficients also allow for the direct comparison of the relative effects of variables 319 

with very different units (e.g. what is the effect of a change of 1 standard deviation in each 320 

variable); however, we also report unstandardized coefficients for each model in the Appendix. 321 

We applied this model structure separately to the NEON dataset and the Harvard Forest dataset. 322 

For the NEON dataset, we included Year and Plot nested within Site as random effects. For the 323 

Harvard Forest dataset, we included Plot as a random effect. Models were run in lme4 (Bates et 324 

al. 2015) and visualized using ggeffects (Lüdecke 2018) and sJplot (Lüdecke 2021) in R version 325 

4.0.5. 326 

To test further the effects of climate on litter fall, which we hypothesized would differ 327 

between the plant functional types if allocation was differentially influenced by climate, we 328 

created separate models for broadleaf litter and needle litter. These models had identical model 329 

structures (including random effects) to the first set, but did not include plant functional types. 330 

We tested whether the results from our analysis of the NEON dataset were sensitive to the 331 

choices we made in terms of scaling the available data to annual estimates, as it is possible that 332 

our estimated length of the autumn season could bias our annual estimates of litter production. 333 

Therefore we also ran our models using the individual estimates of daily litter fall rate. In these 334 

models, we retained the structure of the above models but included “season” (values of either 335 

“fall” or “not fall”) as an additional fixed effect, and trap nested within plot and site as the 336 

random effects (Table S3).  337 

When assessing the importance of climate in the Harvard Forest dataset, we first 338 

identified which season’s climate had the greatest effect on litter production for both broadleaf 339 

and needle litter. To do this, we used the mean annual leaf and needle production at the site. We 340 

https://paperpile.com/c/3XPtCj/SSNW
https://paperpile.com/c/3XPtCj/FyGC
https://paperpile.com/c/3XPtCj/FyGC
https://paperpile.com/c/3XPtCj/vHDU
https://paperpile.com/c/3XPtCj/X1oV
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then used the daily temperature and precipitation to identify the window of time during which 341 

annual litter production was most highly correlated with climate, using the ‘dendroTools’ 342 

package in R (Jevšenak and Levanič 2018). We allowed the window to vary in length from 55 to 343 

90 days, including the previous year’s climate, and tested correlations with annual litter 344 

production. Because of the different climate windows identified for the two plant functional 345 

types, significant collinearity occurred between the climate variables and the plant functional 346 

types in the overall model (VIFs > 2).  Therefore, for the Harvard Forest dataset, we report an 347 

overall model including plant functional type using mean annual climate variables. For the 348 

individual models of each plant functional type we use the mean air temperature and 349 

precipitation during the identified windows. 350 

Global dataset (3) 351 

Finally, we used a global database of litter production (Holland, E. A., Post, W. M. et al. 2015) 352 

to quantify average litter production in each functional type (foliar, fine woody debris, and 353 

reproductive material) over a wider range of temperate forests. The details of the database are 354 

described elsewhere (Holland, E. A., Post, W. M. et al. 2015). Briefly, the database includes 355 

annual litter fall estimates in grams of dry mass per m2 per year in various pools, reported as site 356 

level means. We included only the “small woody” category for our fine woody debris estimate, 357 

as this is mostly consistent with our other data sources. However, not all studies included in the 358 

database used the same definition of “small” (ranges from 2-5 mm in diameter, with some 359 

studies not reporting the size threshold used). We also selected data only from studies which 360 

reported all three categories, and calculated the total aboveground litter fall as the sum of these 361 

three pools. Overall this resulted in 59 mean estimates from 22 forests, with some forests 362 

contributing multiple observations of different stands (Figure S1).  363 

https://paperpile.com/c/3XPtCj/7rZi
https://paperpile.com/c/3XPtCj/B4l7
https://paperpile.com/c/3XPtCj/B4l7
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RESULTS 364 

Overall, foliar litter production generally increased with aboveground woody productivity 365 

(Figure 2). However, the strength of the relationship differed by both plant functional type and 366 

dataset. In the NEON dataset, coniferous litterfall increased from 162 to 320 g DM m-2 yr-1 367 

across the observed range of aboveground woody productivity (0 to 2078 g DM m-2 yr-1). This 368 

corresponds to an 8% increase in litter production as aboveground woody productivity increases 369 

from 200 to 400 g DM m-2 yr-1. In contrast, there is no significant main effect of aboveground 370 

woody growth and broadleaf litterfall in the NEON dataset (Table 1). In the Harvard Forest 371 

dataset, broadleaf litter and coniferous litter increased similarly with above ground woody 372 

growth, such that an increase in aboveground woody productivity from 200 g m-2 yr-1 to 400 g m-373 

2 yr-1 was associated with an 8% and 9% increase in coniferous and broadleaf litter, respectively 374 

(Table 2). Thus the effect of aboveground woody productivity on coniferous litter production 375 

was similar across the two datasets, while the effect on broadleaf production was only apparent 376 

in the HF dataset (Figure 2).  377 

Plant functional type was a strong predictor of foliar litter production in both the NEON 378 

and HF datasets. In the NEON dataset, coniferous litter production ranges from being 38-69% 379 

lower than broadleaf deciduous litter production, when adjusted for average basal area, 380 

aboveground woody growth, and climate (Table 1). In the HF dataset the difference is more 381 

consistent: coniferous litter production is typically 47-49% lower than broadleaf deciduous litter 382 

production, even when adjusted for basal area, aboveground woody growth, and climate (Table 383 

2). Thus overall, broadleaf litter production tends to be approximately twice that of coniferous 384 

litter production at the same basal area, aboveground woody growth, and climate.  385 

 386 
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 387 

Fig. 2 Plant functional types (PFT) differ in their relationship between foliar litter and 388 

aboveground woody production (AWG) across 13 forests from the NEON dataset (a) and 34 389 

plots over 14 years at the Harvard Forest (b). Points represent raw observations, while lines 390 

depict the marginal, modeled effects of the interaction between AWG and plant functional group 391 

for annual foliar litter production using the unstandardized coefficients from the statistical 392 

models (see Table S1 and Table S2 for model coefficients and model fit). Thus the lines 393 

represent the isolated effects of PFT and AWG while holding the other variables in the model 394 

constant at their mean values, while the points represent the full variability in litter production, 395 

which is controlled by multiple factors (including a strong effect of basal area- see Figure 3).  396 

 397 

 398 



 

 19 

The effect of aboveground woody productivity on litter production was consistently 399 

much smaller (e.g. less than half) than the effect of basal area (Table 1, Table 2). There was a 400 

positive effect of basal area on foliar litter production for both the broadleaf and conifer litter in 401 

both datasets, as well as a negative interaction between the effect of aboveground woody growth 402 

and basal area in the overall models. Thus the effects of aboveground woody growth on foliar 403 

litter production are contingent on basal area. 404 

Indeed, both litter production and aboveground woody growth increased strongly with 405 

basal area (Figure 3). In the NEON dataset, woody production and foliar litter production in 406 

broadleaf deciduous forests both increased with basal area, but woody production increased 407 

much more strongly. Therefore at low basal area, the production of foliar litter is much greater 408 

than aboveground woody growth, while at higher basal area they are approximately equal. 409 

Similar patterns emerge in the HF dataset, except that at higher basal area woody production 410 

surpasses foliar litter production. In coniferous forests of both datasets, foliar and woody 411 

production is similar at low basal area, but woody production increases more rapidly with basal 412 

area than foliar production such that there is nearly always more woody production than foliar 413 

litter production.  414 
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 415 

Fig. 3 Relationship between basal area and aboveground woody production relative to 416 

aboveground foliar production differs between forest types. Green points and lines represent 417 

foliar litter production, brown points and lines represent aboveground woody growth. Lines are 418 

univariate linear regressions. A, B: NEON sites, C, D: Harvard interannual data. Note different 419 

axis ranges.  420 

 421 

Spatial variation in mean annual climate had a strong effect on broadleaf, but not conifer, 422 

litter production across the NEON forests (Table 1). Indeed, the effect of temperature and 423 

precipitation on broadleaf litter production were similar in magnitude to the effect of basal area 424 

(Table 1). We found that broadleaf litter increased with temperature, such that more foliar litter 425 
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was produced at higher temperatures regardless of other controls, including aboveground woody 426 

growth (Figure 4). In effect, a site with a MAT less than 5 °C produced about 28% less litter than 427 

a site with MAT greater than 15 °C, after accounting for differences in basal area and 428 

aboveground woody growth.  Broadleaf litter production also increased with higher precipitation 429 

but interacted with aboveground woody growth such that lower precipitation resulted in lower 430 

overall litter production and a negative association between aboveground woody growth and 431 

foliar production.  432 

Litter production was also sensitive to interannual variation in climate. In the Harvard 433 

Forest dataset, broadleaf litter increased with higher spring temperatures (from April 11 to June 434 

18) and increased precipitation from the previous autumn (October 27 - January 6). Conifer litter 435 

was most sensitive to the previous year’s climate: needle litter production increased with higher 436 

preceding autumn temperatures (September 15th - November 18th) and winter precipitation 437 

(December 19th - February 10). The effect of temperature on litter production was similar for 438 

broadleaf and needle litter, with warmer temperatures during the preceding seasons associated 439 

with increased litter production (Table 2, Figure 5). Increased precipitation also drove greater 440 

broadleaf and needle litter production: for needle litter production, there was also a positive 441 

interaction such that needle litter production was increased relative to aboveground woody 442 

growth in years with higher winter precipitation (Figure 5). For broadleaf litter, the effects of 443 

temperature and precipitation were greater in magnitude than the effects of aboveground woody 444 

growth; for needle litter, the magnitude of the climate effects and aboveground wood growth 445 

were similar (Table 2).  446 
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 447 

Fig. 4 Mean annual climate modifies the relationship between aboveground woody production 448 

(AWG) and foliar production in broadleaf deciduous forests in the NEON dataset. Points 449 

represent raw observations, while lines depict the modeled, marginal effects of the interaction 450 

between AWG and either annual mean temperature (a) or total annual precipitation (b) for annual 451 

foliar litter production using the unstandardized coefficients from the statistical models (see 452 
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Table S1 for model coefficients and model fit). The regression line is plotted while holding the 453 

other variables in the model constant at their mean values to isolate the effects of AWG and the 454 

climate variable, using the unstandardized coefficients from the statistical model in Table S1, 455 

while the points represent the full variability in litter production, which is controlled by multiple 456 

factors (including a strong effect of basal area- see Figure 3). In each case, the colored lines 457 

represent predictions for the set of data that falls within that climate range.  458 

 459 

 460 

 461 

 462 

 463 

 464 
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 465 

Fig. 5 Interannual variability in climate modifies the relationship between aboveground woody 466 

production (AWG) and foliar production in broadleaf deciduous (a, c) and coniferous (b, d) litter 467 

at the Harvard Forest. Points represent raw observations, while lines depict the modeled, 468 

marginal effects of the interaction between AWG and either mean daily temperature (a, b) or 469 

mean daily precipitation (c, d) during the identified climate window (Table S6) for annual foliar 470 

litter production using the unstandardized coefficients from the statistical models (see Table S2 471 

for model coefficients and model fit). The regression line is plotted while holding the other 472 

variables in the model constant at their mean values to isolate the effects of AWG and the 473 

climate, but the points represent the full variability in litter production, which is controlled by 474 

multiple factors (including a strong effect of basal area- see Figure 3). In each case, the colored 475 

lines represent predictions for the set of data that falls within that climate range. 476 
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Aboveground litter production in temperate forests from the global dataset varied from 477 

192 to 1661 g DM m-2 yr-1, 62-97% of which was foliar. Temperate forests in the eastern US 478 

NEON sites produced 522-1042 g DM m-2 year-1, of which 70-88% was foliar. Variation within 479 

a single forest across years was much smaller than variation among forests: on average, the 480 

Harvard Forest produced 420 g DM m-2 year-1 dry litter, with a range of 355-459. In all three 481 

data sets the contribution of FWD and reproductive parts to total litter was only 19-25% (Table 482 

3). Fine woody debris and reproductive tissue litter followed similar patterns as foliar litter with 483 

respect to aboveground woody production, basal area and climate; however, they were much less 484 

predictable (Table S4, Table S5).  485 

The different types of aboveground litter (leaves, needles, FWD, and reproductive 486 

material) also exhibited different seasonal patterns of production. The length of autumn, based 487 

on phenological observations at each of the NEON sites, ranged from 65 (STEI) to 142 days 488 

(DELA) (mean across sites = 103 days). Typically 88% (range: 77-94%) of broadleaf tree leaves 489 

fall during that period. In contrast, only about 61% of needles, 37% of FWD and 43% of 490 

reproductive material fall during the same period (Figure 6).  491 
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 492 

Fig. 6 Seasonality of NEON litter fall by functional group. Each observation is a single litter 493 

trap: proportions are calculated as the proportion of all litter in that type that fell during the 494 

autumn season (as defined using phenology observations- see methods section for details) 495 

relative to the total annual litter fall of that litter type. Black vertical lines indicate the median 496 

proportion of each litter type collected during autumn. Note the variable y axis ranges.  497 

 498 

DICUSSION 499 

We found that while foliar litter production generally increased with aboveground woody 500 

production, consistent with our first hypothesis, we also found strong evidence that this 501 

relationship is modified by plant functional group and climate (Tables 1-2). Strikingly, we found 502 
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a very similar overall effect of increasing aboveground woody production on coniferous litter in 503 

our two fine-grained datasets; one of which included a regional spatial extent (NEON) and the 504 

other which included a single site (embedded in the same region) over time (HF; Fig. 2). In 505 

contrast, broadleaf litter production increased with aboveground woody production only in the 506 

temporal dataset (HF), where the overall effect was similar for broadleaf and conifer litter.  507 

These results support the hypothesis that plant functional types have different 508 

relationships between litter production and woody production (H2): we found that deciduous 509 

broadleaf trees produce about twice as much foliar litter as conifers on average, given the same 510 

aboveground woody production and basal area. This is perhaps unsurprising, as most temperate 511 

conifers have needle lifespans of at least two years (Lusk 2010); thus, while annual foliar litter 512 

production represents the entire standing stock of foliar tissue for deciduous trees, it only 513 

represents a portion of total foliar tissue for conifers. However, assuming a relatively consistent 514 

needle retention time, litter production should be in steady state with annual production. The 515 

difference therefore suggests that coniferous forests may allocate less carbon to foliar tissue than 516 

other structures relative to deciduous forests. 517 

We also found that basal area emerged as an important modifier of the relationship 518 

between aboveground woody and litter productivity (Fig. 3, Tables 1-2). The overall relationship 519 

between basal area and foliar and woody production is consistent with biomass allocation 520 

patterns in individual trees: as trees increase in size, they allocate relatively more biomass to 521 

wood and less to leaf tissue (Duursma and Falster 2016). At the community level, these results 522 

also suggest that as the basal-area density of forests increases, the proportion of total 523 

aboveground woody production increases more strongly than foliar production.  524 

https://paperpile.com/c/3XPtCj/OP4x
https://paperpile.com/c/3XPtCj/AFeW
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Although these dynamics were not part of our initial hypotheses, the findings suggest that 525 

basal area (which likely correlates with stand age) moderates carbon allocation in forests. 526 

Moreover, the finding suggests that rather than a fixed proportion of total productivity, there are 527 

tradeoffs between woody and foliar growth that vary with stand development. Stands with 528 

greater basal area are likely to exhibit canopy closure, and therefore diminishing returns on 529 

nutritionally expensive foliar biomass: as the opportunity to intercept light saturates, greater 530 

investment in leaf tissue is not useful, but greater investment in woody growth continues to help 531 

trees maintain their position in the canopy. This may help explain the steeper positive slopes for 532 

woody productivity with basal area than litter production. We note that these dynamics would 533 

not be captured in conventional terrestrial biogeochemical models, which use fixed allocation 534 

parameters, but they should emerge from demographic models (Fisher et al. 2015; Koven et al. 535 

2020) that track time since disturbance and use allometric equations to describe changes in 536 

biomass as a function of stem diameter at breast height (Rennolls 1994). 537 

We also found that conifer and broadleaf forests exhibit somewhat different tradeoffs 538 

between woody and foliar production with increasing basal area (Fig. 3). For both forest types 539 

litter production increases less than half as much as woody production with the same increase in 540 

basal area. However, conifers always exhibit greater woody production than foliar production, 541 

but the ratio of woody production to foliar production increases with basal area. In contrast, 542 

broadleaf forests have greater foliar litter production than woody production at low basal area, 543 

but less at higher basal area. This patterning suggests a stronger tradeoff between woody and 544 

foliar tissues in deciduous broadleaf species than in conifers.  545 

Climate was an important control of inter-site (NEON) and inter-annual (HF) differences 546 

in broadleaf litter production (Figs. 4-5). The findings support the hypothesis (H3) that the 547 

https://paperpile.com/c/3XPtCj/23Wa+2LEM
https://paperpile.com/c/3XPtCj/23Wa+2LEM
https://paperpile.com/c/3XPtCj/wFEA
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relationship between litter production and woody production changes with climate, as trees 548 

allocate more to their leaves in preferable climate conditions. We also found that the effect of 549 

climate differed among plant functional types: we found that spatial variation in climate had a 550 

much stronger effect on broadleaf litter production than on needle litter production (H4). This 551 

finding contrasts with previous work on biomass allocation patterns (Reich et al. 2014), which 552 

has found a stronger effect of climate on gymnosperms than angiosperm biomass allocation; 553 

however, this may be partially due to the distribution of conifers in our dataset. Conifers were 554 

found primarily at cooler sites, so our ability to detect changes in needle litter with temperature 555 

may be restricted by the small sample size at warmer sites (Figure S4). 556 

Although conifers appeared insensitive to spatial variation in climate, needle production 557 

was responsive to interannual variation in climate, particularly climate in the previous year. 558 

Increased autumn temperatures and winter precipitation were associated with greater needle litter 559 

production during the following year. This finding is consistent with some previous work that 560 

has found lags in the climate effect on litter production, particularly in conifers (Starr et al. 2005; 561 

Martínez-Alonso et al. 2007). Broadleaf litter production responded to spring temperatures, and 562 

also to the previous autumn-winter precipitation. As we found evidence for climate effects on 563 

litter production in both our fine-grained datasets, one which represents a regional gradient in 564 

climate and another which represents only interannual climate variability, the effects of climate 565 

may be operating at both the individual and community level. In other words, whereas individual 566 

trees may allocate more biomass to leaves in warmer, wetter years, forests in warmer, wetter 567 

locations may also typically contain species that allocate more to leaves than to woody growth. 568 

Such a potential explanation is consistent with global patterns in tree biomass allocation (Reich 569 

https://paperpile.com/c/3XPtCj/3ayv
https://paperpile.com/c/3XPtCj/9KTs+v3XF2
https://paperpile.com/c/3XPtCj/9KTs+v3XF2
https://paperpile.com/c/3XPtCj/3ayv
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et al. 2014)  as well as work showing individual level plasticity in allocation (Poorter et al. 570 

2012). 571 

Global and regional estimates of temperate forest aboveground litter inputs are largely 572 

consistent. Across sites and years, only about 80% of aboveground litter in temperate forests is 573 

composed of leaf material, with the remaining 20% split between reproductive organs and fine 574 

woody debris. This has significant ramifications for understanding litter decomposition and 575 

biogeochemical cycling in these systems, as different types of litter have very different physico-576 

chemical traits. For example, reproductive litter is often enriched in phosphorus and 577 

micronutrients relative to foliar litter, whereas woody litter has much higher carbon to nitrogen 578 

ratios, and much lower surface area to volume ratios (Gosz et al. 1972). 579 

A substantial proportion of litter, particularly non-foliar and needle litter, falls outside the 580 

autumn season (Fig. 6). Indeed, typically less than 50% of the fine woody and reproductive litter 581 

fell during the autumn. This observation is consistent with previous work showing that while 582 

autumn accounts for the largest proportion of aboveground litter fall, litter falling in other 583 

seasons provides quantitatively important  nutrient inputs (Gosz et al. 1972; Portillo-Estrada et 584 

al. 2013; Wang et al. 2021). The varying nutrient inputs that these functional groups represent 585 

throughout the year likely have important biogeochemical effects on food webs, decomposition, 586 

and plant nutrient uptake, yet remain understudied.  587 

The non-autumn litter patterns we report have important implications for measuring 588 

aboveground litter and interpreting datasets in which litter is only collected during the autumn: 589 

even in temperate deciduous forests, not collecting litter throughout the year would on average 590 

lead to an underestimation of leaf litter production of 12%, and an underestimation of needle, 591 

fine woody debris, and reproductive litter of 40%, 57% and 63% respectively. Thus collection 592 

https://paperpile.com/c/3XPtCj/3ayv
https://paperpile.com/c/3XPtCj/0qwC
https://paperpile.com/c/3XPtCj/0qwC
https://paperpile.com/c/3XPtCj/57Fo
https://paperpile.com/c/3XPtCj/O8ZV+hN1s+57Fo
https://paperpile.com/c/3XPtCj/O8ZV+hN1s+57Fo
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during autumn only captures on average 72% of the total aboveground litter (of all types) that 593 

falls in a given year. Studies interested in capturing total carbon or nutrient inputs to soil from 594 

aboveground litter must design their sampling in a way that accounts for the seasonality of their 595 

system without excluding the litter that falls during off-peak times. 596 

Our work reinforces the importance of including plant functional types in terrestrial 597 

ecosystem models, as is already common practice. However, our work highlights the importance 598 

of building on this representation to investigate how basal area and climate moderate allocation 599 

of NPP among plant tissues would improve the ability of terrestrial biogeochemical models to 600 

represent carbon flows within forested ecosystems. Although our synthesis of observational data 601 

does not definitively resolve climate as a causal variable that modifies biomass allocation, we 602 

believe the apparent scalability of our findings (e.g. the similarity of the climate effects across 603 

space and time), may make this low hanging fruit for model testing to improve predictions of 604 

aboveground litter production (Kyker-Snowman et al. 2022). We also suggest that a better 605 

understanding of the spatial and temporal trends in litter production is critical for connecting the 606 

rich work on litter decomposition to forest- scale carbon dynamics, as the inputs to the litter 607 

decomposition system appear modulated by climate and stand development, with potential 608 

consequences for belowground forest dynamics. 609 

 610 

 611 

 612 

 613 

 614 

 615 
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Table 1. Models of aboveground litter production (total foliar, broadleaf, and needle) as a 800 

function of aboveground woody growth (AWG), basal area, climate, and forest type (either 801 

broadleaf deciduous or coniferous/needles) at 13 forests in the Eastern US (NEON sites). Each 802 

observation is an estimate of annual litter production from a single trap within a 20 m x 20 m  803 

subplot in a given year. Values are standardized coefficients for each linear mixed model, with 804 

the associated standard error in parentheses. Fixed R2 indicates the full model goodness-of-fit 805 

using only the fixed effects; full R2 additionally includes the random effects of year and plot 806 

nested within site. Estimates in bold are significant at p < 0.05, estimates in italics. 807 

Unstandardized coefficients are in Table S1. 808 

 809 

Predictors Foliar aboveground 
litter (g m-2 year-1) 

Broadleaf litter (g m-2 
year-1) 

Needle litter (g m-2 
year-1) 

Intercept 0.374 (0.061) 0.016 (0.094) 0.006 (0.109) 

FT [Needles] -1.04 (0.051) na na 

AWG (g m-2 year-1) 0.0008 (0.028) -0.027 (0.038) 0.183 (0.062) 

Basal area (m2 
hectare-1) 

0.211 (0.024) 0.184 (0.038) 0.303 (0.061) 

Mean annual 
temperature (C) 

0.172 (0.029) 0.244 (0.043) -0.032 (0.072) 

Precipitation (mm) 0.101 (0.026) 0.165 (0.039) 0.054 (0.062) 

AWG x FT 0.075 (0.074) na na 

AWG x BA -0.082 (0.017) -0.08 (0.027) -0.074 (0.035) 

AWG x MAT 0.007 (0.02) -0.011 (0.032) -0.111 (0.062) 

AWG x Precip 0.065 (0.018) 0.067 (0.03) -0.078 (0.054) 

n 1570 1096 474 

Fixed R2 /Full R2 0.523 / 0.611 0.190 / 0.363 0.132 / 0.460 

 810 
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Table 2. Models of aboveground litter production (total foliar, broadleaf, and needle) as a 811 

function of aboveground woody growth (AWG), basal area, climate, and forest type (either 812 

broadleaf deciduous or coniferous/needles) across 13 years at the Harvard Forest in Central MA. 813 

Each observation is an estimate of annual production in a plot in a given year. Values are 814 

standardized coefficients for each linear mixed model, with the associated standard error in 815 

parentheses.  Fixed R2 indicates the full model goodness-of-fit using only the fixed effects; full 816 

R2 additionally includes the random effects of plot. For the foliar litter model, mean annual 817 

temperature and precipitation are used. For the individual broadleaf and needle litter models, 818 

mean daily temperature and precipitation from the calculated climate window is used (see 819 

methods for details, and Table S6 for climate windows). Estimates in bold are significant at p < 820 

0.05. Unstandardized coefficients are reported in Table S2.  821 

Predictors Foliar aboveground 
litter (g m-2 year-1) 

Broadleaf litter (g m-2 
year-1) 

Needle litter (g m-2 
year-1) 

Intercept 0.587 (0.08) 0.0002 (0.140) 0.002 (0.112) 

Forest type [Needles] -0.925 (0.041) na na 

AWG (g m-2 year-1) 0.133 (0.043) 0.046 (0.079) 0.088 (0.072) 

Basal area (m2 
hectare-1) 

0.403 (0.028) 0.344 (0.122) 0.742 (0.100) 

Temperature (C)  0.023 (0.013) 0.088 (0.027) 0.069 (0.019) 

Precipitation (mm)  0.028 (0.013) 0.091 (0.028) 0.062 (0.019) 

AWG x Forest type -0.067 (0.067) na na 

AWG x BA -0.205 (0.023) -0.002 (0.056) 0.021 (0.054) 

AWG x Temp 0.006 (0.012) 0.018 (0.028) 0.035 (0.020) 

AWG x Precip 0.051 (0.012) -0.0130 (0.027) 0.043 (0.020) 

n 849 441 300 

Fixed R2 /Full R2 0.693 / 0.891 0.18 / 0.78 0.67 / 0.93 
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Table 3 Aboveground litter production estimates (g dry mass/m2/year) in temperate forest 822 

systems from three data sources. Percentage of total aboveground litter in each category given in 823 

parentheses. 824 

Data source Foliar  FWD Seed + Flower Total 

NEON 
(n = 13 forests, eastern US) 

580 (80%) 77 (11%) 72 (9%) 728 

Harvard Forest 
(n = 1 forest, 13 years) 

 324 (77%) 46 (11%) 35 (8%) 422 

Holland 2015 
(n = 22 forests, global) 

462 (75%) 111 (15%) 70 (10%) 642 

 825 


