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1 Water–Productivity Literature Review

The study of spatial relationships (biogeography) between terrestrial productivity and climate dates to at least the mid-

1700s (de Buffon, 1761; Forster, 1778; Hoorn et al., 2022). A central component of these relationships is the understanding

that water availability exerts landscape-scale control on plant growth and productivity (Willdenow et al., 1805; Georg Forster,

1791; von Humboldt, 1807; Clements and Weaver, 1924; Humboldt and Bonpland, 2024; Green, 2024; Knapp et al., 2017),

sometimes even when other variables are partially-limiting (Knapp et al., 2017; Feldman et al., 2018, 2021; Reich et al., 2025).

This notion explicitly drives early bioclimate and agronomy classifications and foundational ecological theory (Wladimir Kop-

pen, 1884; Koppen and Geiger, 1923; Lawes, 1848a, b; Clements, 1907; Clements and Weaver, 1924). Spatial biogeographical

patterns have been broadly understood to be averaged or integrated responses to local temporal dynamics (Clements and

Weaver, 1924; Goward and Prince, 1995; Azaele et al., 2006; Jin and Goulden, 2014; Reichstein et al., 2014), where fast pro-

cesses like physiological regulation integrate to slower dynamics such as acclimation, population-scale adaptation, succession,

homeostatic compensation, etc. (Lambers and Oliveira, 2019). These slow, integrated responses of landscape-scale vegetation

dynamics to hydroclimate have been formalized into land-surface modeling efforts since their earliest days as spatial priors on

vegetation characteristics and as prescribed water-limitation functions for primary productivity (Eagleson, 1978c, d, b; Lieth,

1975; Trugman et al., 2018).

1.1 Rain Use Efficiency: Spatial and Temporal Patterns

Because the linkages between daily-scale processes and successionary-or-longer processes are extremely difficult to constrain

deterministically, various empirical relationships have been proposed to link water–productivity relationships across scales. The

most intensely investigated is the rain-use efficiency relationship, typically linking monthly- or annual-scale precipitation and

above-ground net productivity (RUE = P / ANPP), which has been studied in detail at individual sites and across sites (Walter,

1939; Currie and Peterson, 1966; Lauenroth, 1979; Houerou, 1980; Le Houerou, 1984). Early motivation for this relationship

came as proposed linear relationships between ANPP and P over time at individual locations, and over space (as long-term
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Fig. S1. Above-ground net primary productivity (ANPP) versus precipitation at monthly scale. Same as Main Text Figure 1a, but using

ANPP in place GPP, both at landscape spatial scale (not scaled by fv . This is the most commonly used form of the RUE relationship for local

dynamics. Grey All-Sites curve is fit to all monthly growing season data from all 271 tower sites.

means) across locations (Hutchings, 1953; Sneva and Hyder, 1962; Rutherford, 1980; Smoliak, 1986; Le Houerou et al.,

1988). The linear relationships were developed into empirical biogeographical models, at first suggesting a space-for-time

convergence, but eventually seeming to show different temporal slopes in different hydroclimates, and a non-linear relationship

across space (Sala et al., 1988; Noy-Meir, 1973; Lauenroth and Sala, 1992). There have since been many subsequent changes

in framing (Hsu et al., 2012; Paruelo et al., 1999; Sala et al., 2012; Knapp et al., 2017), including accounting for the role of

slow vegetation structural dynamics (Lauenroth and Sala, 1992; Knapp and Smith, 2001) and modified relationships in which

biomes converge only under sufficient water stress (Huxman et al., 2004). Beyond the explicit RUE relationship, a number of

similar resource-productivity ratios with water have been proposed (Nicholson et al., 1990; Farrar, 1991; Paruelo et al., 1999;

Jin and Goulden, 2014), which tend to show a saturation or non-linearity as a function of seasonal, annual, or climatological

precipitation.

1.2 Water-Use Efficiency and Evaporation

While precipitation was historically the most widely-measured water-cycle variable, plants respond to soil moisture and hu-

midity mechanistically rather than precipitation itself (Wang et al., 2026), and other water fluxes such as evapotranspiration

(ET) follow vegetation state variables better at their primary autocorrelation timescales (Eagleson, 1978c, d, e, b; Short Gian-

otti et al., 2020; Feldman, 2025; Teuling et al., 2006; McColl et al., 2017; Feldman et al., 2018; Sehgal et al., 2021; Holtzman

et al., 2024). This, along with chamber-scale gas-exchange studies, have led to measurements and models of productivity

as a function of ET rather than precipitation, with the relationship or the ratio typically termed landscape- or ecosystem-

water-use efficiency (WUE) (Mikhail I Budyko, 1971; Rosenzweig, 1968). WUE and ET have also served as climate classifi-

cation variables (Livingston, 1906; Briggs and Shantz, 1913; Maximow and Krasnosselsky-Maximow, 1924; Clements, 1920;

Huang et al., 2016; Mu et al., 2013; Thornthwaite, 1948), and both an indicator of water availability and a product of plant

productivity itself. Recent observational work has sought to generalize productivity–ET relationships by building on RUE re-
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lationships (Biederman et al., 2016; Scott et al., 2015), through direct comparison (Garbulsky et al., 2010; Yang et al., 2016;

Huang et al., 2016; Short Gianotti et al., 2019), and as the basis for global remotely-sensed products (Mu et al., 2013, 2007),

although the relationships have been shown to vary widely across climate conditions (Short Gianotti et al., 2019; Yu et al.,

2008; Cheng et al., 2017; Sun et al., 2016).

1.2.1 Evaporative Fraction as Water Metric

More recently, Short Gianotti and Entekhabi (2024) demonstrated a water–productivity relationship which does show the same

temporal and spatial relationship, namely the relationship between evaporative fraction (EF) and GPP (EF = L·ET/A, where A

is available energy and L is the latent heat of vaporization for water, see Table 1). They demonstrated that GPP–EF relationships

at monthly timescales follow a similar convergent relationship across biogeography and climate at a large number of eddy

covariance tower sites (Short Gianotti and Entekhabi, 2024), and proposed that this single empirical functional relationship

may describe coupling across both space and time, with the spatial relationship emerging as an artifact of convergent temporal

relationships across sites. Using EF rather than ET controls for surface energy budget effects on moisture flux magnitudes and

energy-limitation, leading to more convergent relationships with volumetric soil moisture (Short Gianotti et al., 2019; Dirmeyer

et al., 2000) and the atmospheric boundary layer (Hay-Chapman and Dirmeyer, 2023) across latitude and climate gradients.

Like the RUE relationship, this GPP–EF relationship is non-linear, and so cannot converge to a single time and space relation

across different aggregation timescale without transformation (i.e., due to Jenson’s inequality, Short Gianotti and Entekhabi,

2024), but unlike the RUE relationship, local monthly dynamics are tangent to the general monthly relationship across all

sites (Knapp et al., 2017; Short Gianotti et al., 2024).

Short Gianotti et al. (2024) identify two dominant timescales in the between-storm component of the GPP–EF functional

relationship: a fast rain-pulse timescale of 3–5 days, and a slower relaxation timescale of roughly 3-5 weeks. Critically, these

timescales show opposing relationships; water and carbon are negatively correlated at fast timescales (increased uptake while

drying) but positively correlated at slower timescales (decreased uptake while drying). They hypothesize that the dynamics of

canopy fractional cover (fv) or LAI might link these timescales as an integrator of responses to weather-scale events.

2 Transpiration Intensity Ratio

In the manuscript we invoke the variable

ϕ=
Tc

ETl
=

1

fv

Tl

ETl
(Main Text 3)

where Tc is the (intensive) transpiration rate averaged over just the canopy area, ETl is the landscape-averaged evapotranspi-

ration rate (total water volume evaporated per time divided by the full landscape area), fv is the vegetation cover fraction, Tl is

the transpiration rate if averaged over the total landscape (bare soil and canopy) area, and Tl/ETl is the commonly-referenced

“T over ET ratio.” To be even more specific, if evaporation is comprised only of soil evaporation Es over an un-vegetated area
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fraction 1− fv , and transpiration over a vegetated area fv , we could write the landscape ET as

ETl = fvTc +(1− fv)Es (S1)

Using the basic Fick’s law form of the evaporation rate,

ETl = fv · ρ
gcga,c

gc + ga,c
[q⋆(θc)− qc]︸ ︷︷ ︸
Tc

+(1− fv) · ρ
gsga,s

gs + ga,s
[q⋆(θs)− qs]︸ ︷︷ ︸
Es

(S2)

where ρ is the density of the atmosphere at the land surface [kg/m3], gc is the canopy-averaged conductance for water vapor

[m/s] from saturated air within leaves at leaf temperatures θc, ga,c is the aerodynamic conductance above the canopy [m/s], q⋆

is the saturation specific vapor pressure for a given air temperature [−], qc is the specific humidity above the canopy [−], gs

is the bare soil-averaged conductance for water vapor [m/s] from saturated air within soil pores at skin temperature θs, ga,s is

the aerodynamic conductance above the bare soil portion of the landscape, and qs is the specific humidity above the bare soil

portion of the landscape [−]. Note that this is a “big leaf” and “big soil pore” model of evaporation where the conductances

are intended to represent some bulk properties of the heterogeneous vegetated and bare portions of the landscape.

Under the common modeling practice of having single air temperatures, humidities, wind speed distributions, and skin

temperatures within a grid cell, this would be simplified to

ETl = ρga [q
⋆(θsurf )− q]

[
fv

gc
gc + ga

+(1− fv)
gs

gs + ga

]
(S3)

and ϕ itself can then be written as the ratio of the bulk conductance over the canopy to the bulk conductance over the entire

landscape:

ϕ=

gagc
ga+gc

fv
gagc
ga+gc

+(1− fv)
gags
ga+gs

=
gc (gs + ga)

gs (gc + ga)+ fvga (gc − gs)
(S4)

When intensive soil and canopy conductances are equal, gs = gc, then ϕ= 1. When bare soil evaporation is zero and gs = 0,

ϕ= 1
fv

≥ 1, and when canopy conductance is zero, ϕ= 0.

Fully separating the dynamics of ωc and ϕ requires separation of transpiration from bare soil evaporation observationally.

There is opportunity to investigate this at co-located Eddy Covariance Flux Tower sites and SapFlux observation sties (Poy-

atos et al., 2016), provided there is sufficient understanding of spatial vegetation scaling, tower footprint dynamics, moisture

availability, humidity heterogeneity, and temperature heterogeneity.

Because neither ϕ nor ωc are commonly measured, we perform our analyses using their product ωcϕ, which is calculated

at daily scale as the residual of the other observed terms, GPPl/(fvETl), in grams carbon per gram of water. If bare soils

and vegetation respond similarly to changes in soil moisture and vapor pressure deficit (VPD), then ϕ= 1, and this is exactly

the canopy WUE, ωc. ϕ, the ratio of transpiration intensity to total ET intensity (which can be written primarily in terms

of conductances), is sometimes referred to as the “plant coefficient,” and though its dynamics are not well-studied globally,

it has been argued to be relatively constant locally, due to similar bare soil and transpiration responses to water limitation,
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across the growing season and during inter-storm drydowns (Eagleson, 1978c, e; Sellers et al., 1997; Ács, 2003). The largest

variability appears to be climatic across space (Eagleson, 1978a; Unkovich et al., 2018); if this is true, then ωcϕ dynamics can

be interpreted simply as scaled ωc dynamics. We do not have sufficient data with which to validate this claim, and leave the

relationship between ωcϕ and the standard canopy water-use efficiency ωc open to reader interpretation.

3 Flux Tower Variables

The primary data in this study come from measurements made at flux towers using eddy covariance methods to estimate

exchanges of energy and mass between the atmosphere, the land surface, and terrestrial biota. In recent decades, many science

teams operating these tower sites have coordinated to standardize and disseminate their data for public use (Baldocchi et al.,

2001; Novick et al., 2018; Pastorello et al., 2020; Chu et al., 2023); we draw from two of these major data networks for this

study: (1) the FLUXNET network, and (2) the AmeriFlux network. From FLUXNET, we use data from the FLUXNET 2015

data release (Pastorello et al., 2020). From the AmeriFlux network we use data from both of the AmeriFlux BASE dataset and

the AmeriFlux FLUXNET SUBSET dataset (Boden et al., 2013; Pastorello et al., 2020; Chu et al., 2023). From all datasets

we use all site data released under the CC-by-4.0 license. For sites appearing in multiple datasets, we select the record with the

longest available data period. Specifics for each tower site are presented in Supplemental Table 1, and citations for each site’s

data are in Supplemental Section 6.

3.1 Excluded sites

For all analyses, we exclude sites with landcover classifications of open water, wetland, or snow and ice. None of the data

meeting our criteria are classified as urban or barren. Throughout the analyses, we define growing season months for each

tower as those calendar months with GPP greater than or equal to 10% of the maximum monthly GPP in that site’s data record.

All following analyses use only data from growing season months.

3.2 Variables used

For each AmeriFlux or FLUXNET site record, we extract daily values of the following: latent heat flux (LE_F_MDS), sensible

heat flux (H_F_MDS), precipitation (P_F_MDS), and gross primary productivity using the nighttime respiration partitioning

method (GPP_NT_VUT_REF). When daily data are not available, we aggregate hourly or half-hourly data to daily. Only days

with at least 22 of 24 hourly or 44 of 48 hourly-hourly observations are used. Missing hourly or half-hourly data are replaced

with the monthly-averaged value of the variable for the corresponding time-of-day to avoid sampling biases.

From the turbulent fluxes (latent and sensible), we calculate daily and monthly values of the evaporative fraction, EF =

LE/(H +LE). Monthly evaporative fraction is calculated as EF =Σ LE/(Σ LE+Σ H), adding over all days prior to

division. We use EF throughout the analyses as an energy-normalized evaporative flux. By dividing by available turbulent

energy (H +LE, equal to net radiation minus ground heat flux), we are able to control to some extent for latitudinal and

weather-driven differences in temperature and radiation, and can focus on the water and carbon variables without the co-
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varying influence of the surface energy budget as well. EF and GPP have been investigated together (Short Gianotti et al.,

2019; Short Gianotti and Entekhabi, 2024; Short Gianotti et al., 2024), and have shown empirical spatial and temporal coupling

which these analyses aim to explain mechanistically.

4 Table of Flux Tower Info
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5 Non-Parametric Curve Fits

To fit curves to data points for visualization, we use a monotone copula smoother which projects all data points onto the 1:1

quantile line.

This is accomplished by (1) determining each data point’s empirical marginal quantiles in each dimension, (2) averaging the

marginal quantiles between the two dimensions and re-assigning both dimensions to this rank-averaged value, and (3) trans-

lating the re-assigned quantiles back into the original space using the original marginal quantile distribution for interpolation,

treating the interpolation as independent for each variable. This compresses the points into an empirical bivariate curve (set of

transformed points) with harmonized quantiles so that each point has the same rank in both dimensions. This is in some sense

a best reduction in quantile-sorting errors given an underlying functional monotonicity assumption. The method is symmetric

with respect to the two variables, and does not assume a direction or form of error structure (Short Gianotti, 2025).

The direction of monotonicity used is determined by the covariance of the data. For positive off-diagonal entries in the

covariance matrix we use an increasing montonicity constraint, and for negative off-diagonal entries we use a decreasing

monotonicity constraint.

While this method reduces variance, it maintains the same number of points, which can lead to fine-scale stair-stepping

behavior. For simpler visualization, and to not suggest undue precision, we sub-sample these curves in Main Text Figures 1

and 2 to show on the order of 15 evenly-spaced (in a rank-sense) co-ordinates. In the Supplemental Material the curves are

shown without sub-sampling (Supplemental Figure 1).

The fit curves are not used in any quantitative analyses, and are solely for visualization purposes.

6 Monthly Temporal Dynamics by Site and IGBP Class

Figure S2 shows the GPP-EF relationships monthly at all sites analyzed in the study, as in Main Text Figure 1. Each distinct

line is a non-parametric curve-fit with no sub-sampling, fit using the method of Short Gianotti (2025). Due to the lack of

sub-sampling, the curves appear less smooth than the curves in Main Text Figure 1, as they follow every monthly observation.

Monotonicity is determined by sign of the covariance of all data for the site. Note the variability both within and across IGBP

classes.

7 Dynamical Systems Estimation

We use regression-based dynamical systems models to show trajectories within phase spaces (Main Text Figures 2d, 3a,d,g).

For each 2D dynamical system, we fit a system of first-order autonomous differential equations of the following form:

dX

dt
= a1 + a2X + a3Y + a4X

2 + a5Y
2 + a6XY

dY

dt
= b1 + b2X + b3Y + b4X

2 + b5Y
2 + b6XY

(Main Text 6)
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Fig. S2. Monthly temporal dynamics at all sites, separated by IGBP class. Each curve shows a non-parametric curve fit to all growing

season monthly values of GPP and EF for a single site, as in Main Text Figure 1. Each panel shows all sites analyzed within a given

IGBP class, and N is the number of sites in that class. IGBP abbreviations are as follows: CRO: Cropland, CSH: Closed Shrubland, CVM:

Cropland/Natural Vegetation Mosaic, DBF: Deciduous Broadleaf Forest, DNF: Deciduous Needleleaf Forest, EBF: Evergreen Broadleaf

Forest, ENF: Evergreen Needleleaf Forest, GRA: Grassland, MF: Mixed Forest, OSH: Open Shrubland, SAV: Savanna, WSA: Woody

Savanna.

This is a generic 1st-order nonlinear (quadratic) time-invariant dynamical system, i.e., the most basic, empirical representa-

tion of system dynamics allowing for quadratic non-linearity. This form is motivated by previous work which fit linear 1st-order

dynamical systems at individual locations, which displayed non-linear attractor dynamics across space (Short Gianotti et al.,

2024). This form allows for implicit differences across biogeography (through different states within the phase space), but with

an implicit assumption that all spatial locations follow the same underlying functional dynamics with reference to the primary

state variables.

The dynamical systems are fit to all data within the first 25 days of drydowns (using days beyond 25 has little impact on

results—not shown—due to very low signal-to-noise ratios). To fit the system, we bin the phase space into an evenly-divided

50×50 grid. In each grid box, we collect all daily observations in the matching X and Y ranges, and calculate the first temporal

differences for each observation in its corresponding drydown. The X , Y , dX/dt, and dY/dt values form a 4-value vector for

each observation, and all observations for all growing season days across all sites are used to estimate the 12 parameters of

Equation 6. The dX/dt, and dY/dt values are paired with the first of the two days’ X and Y values.

The estimated system defines a flow field and trajectories through the phase space (Main Text Figures 2d, 3adg). Precipitation

events shock the system to a new state in the state space, and the typical response for any site is to follow the flow lines from

there.

Representations of the mean relationships between GPP–EF, fv–EF, and ωcϕ–EF are shown in Main Figure 3. These are

calculated using all daily values of the variables, including wet days, and calculating the mean values binned by the daily EF

values. Uncertainties in the mean lines are calculated by bootstrapping all of the daily data with replacement 5,000 times. The

standard error of the mean is shown in gray shading for each relationship. The curves and uncertainties are the same within

each column.

Daily-scale regressions are calculated to quantify the simple, linear, bivariate relationships immediately after rain (Main

Text Figure 3beh). To calculate the site-wise daily slopes between GPP and EF in Figure 3b, we take all points (EF(t= 1),

GPP(t= 1)) the day immediately after rain at that site and connect them to points (EF(t= 2), GPP(t= 2)) the following

day. This leads to one line segment for each drydown connecting the first two days in the GPP–EF space. For each site, We

summarize these relationships across all drydowns using the median slope and median intercept of all segments for the site.

Each site’s median line is plotted, and the range shown depicts where the line passes through the box from the 25th quantile

of EF(t= 1) values (left), the 25th quantile of GPP(t= 1) values (bottom), the 75th quantile of EF(t= 2) values (right),

and the 75th quantile of GPP(t= 2) values (top). This roughly coincides with the central 50% of the data range for days 1
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and 2 of drydowns for that site. The slopes of the lines shown are also displayed as a distribution in the inset figure (blue

pdf, distributions of slopes across all sites). The same method is applied to the fv–EF and ωcϕ–EF relationships (Main Text

Figure 3eh).

To assess the changing relationships on multi-day timescales, we perform the same analysis using the first 4 days of each

drydown. To calculate the linear representations of each drydown we use the Sen slope (median of all line segments) and median

intercept. Following this, we again take the median slope for all of these drydown-specific lines to get a single characteristic

slope for the first 4 days of drydowns for each site. These site-based slopes are shown in the green pdf in the inset figures of

Main Text Figure 3beh. The same follows for 7-day and 10-day drydown periods (orange and red, respectively in the insets).

This analysis is carried out for each of the GPP–EF, fv–EF, and ωcϕ–EF relationships.

8 Role of ET

In Main Text Equation 3, GPPl is the product of four terms, fv , ωc, ETl, and ϕ. In the analyses of the manuscript, we group

ωc and ϕ together as our intensive variables and use fv as our extensive analysis variable. Here we provide equivalent analysis

of the remaining intensive variable, ETl.

We use EF as our water-coupling variable in this study for two reasons. (1) Because EF is a water flux normalized by

available energy, it controls for biogeographic differences in the local surface energy balance–for example incoming solar

radiation and temperature effects as functions of latitudinal differences. (2) Relatedly, the empirical relationship between GPP

and EF is somewhat stronger across sites than the GPP – ET or GPP – LE relationship (Short Gianotti et al., 2024), despite GPP

and fv also being correlated with the surface energy balance. Because of this, the GPP – EF relationship is the more applicable

benchmark for comparing models with observations (e.g., Short Gianotti et al., 2024).

Figure S3 shows the dynamics for ET and EF, as a similar constituent component of GPPl in Main Text Figure 3. In the

main manuscript, we conclude that the long-term mean relationship between GPP and fv in water-carbon coupling, as seen in

their joint density and mean curve, is far stronger than the corresponding GPPl-ωcϕ relationship. This is apparent because both

GPPl and fv co-vary with our water-cycle variable EF in qualitatively similar ways—both with positive, convex slopes. The ET

– EF relationship dynamics shown in Figure S3 show a positive relationship in the mean and in typical system evolution. The

relationship is not convex, but instead is nearly linear except for at the highest EF values, where curvature becomes negative.

The relationship is largely expected, since EF is an energy-normalized version of ET.

16



17



Fig. S3. Relationship between ET and EF dynamics. Evapotranspiration (ET) dynamics with evaporative fraction (EF), as in Main Text

Figure 3. (a) Daily ET – EF dynamics for all flux towers after rainfall. Colored curves contain 50% of observations for the 1st, 4th, 7th, and

10th days after rainfall and move towards the origin (desiccated). Curve and shading show the empirical mean daily growing-season ET –

EF relationship with bootstrapped standard error, including rain days. (b) ET – EF regressions for the first day after rain (day 2 minus day

1); each red line is a fit for a single tower site. Inset histogram shows the across-sites distribution of dET/dEF slopes for the first 1, 4, 7, and

10 days post rain. Curve and shading as in (a). (c) Linear regression fits for monthly-averaged ET – EF values within the growing season,

depicting slower sub-seasonal dynamics. Histogram shows across-site distribution of regression slopes. Curve and shading as in (a).

9 Eddy Covariance Tower Citations

[CA-Ca1] T. Andrew Black (2018), AmeriFlux BASE CA-Ca1 British Columbia - 1949 Douglas-fir stand, Ver. 1-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1480300

[CA-Ca2] T. Andrew Black (2018), AmeriFlux BASE CA-Ca2 British Columbia - Clearcut Douglas-fir stand (harvested winter

1999/2000), Ver. 1-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1480301

[CA-Ca3] T. Andrew Black (2023), AmeriFlux BASE CA-Ca3 British Columbia - Pole sapling Douglas-fir stand, Ver. 5-5,

AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1480302

[CA-LP1] Thomas Andrew Black (2021), AmeriFlux BASE CA-LP1 British Columbia - Mountain pine beetle-attacked lodge-

pole pine stand , Ver. 2-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1660337

[CA-TP1] M. Altaf Arain (2018), AmeriFlux BASE CA-TP1 Ontario - Turkey Point 2002 Plantation White Pine, Ver. 3-5,

AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246009

[CA-TP4] M. Altaf Arain (2018), AmeriFlux BASE CA-TP4 Ontario - Turkey Point 1939 Plantation White Pine, Ver. 4-5,

AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246012

[US-Bi1] Camilo Rey-Sanchez, Carlos Tianxin Wang, Daphne Szutu, Robert Shortt, Samuel D. Chamberlain, Joseph Verfaillie,

Dennis Baldocchi (2022), AmeriFlux BASE US-Bi1 Bouldin Island Alfalfa, Ver. 8-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1480317
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[US-CMW] Russell Scott (2022), AmeriFlux BASE US-CMW Charleston Mesquite Woodland, Ver. 2-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1660339

[US-EML] Rosvel Bracho, Gerardo Celis, Heidi Rodenhizer, Craig See, Edward A. Schuur (2021), AmeriFlux BASE US-EML

Eight Mile Lake Permafrost thaw gradient, Healy Alaska., Ver. 4-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1418678

[US-ICh] Eugenie Euskirchen, Gaius Shaver, Syndonia Bret-Harte (2022), AmeriFlux BASE US-ICh Imnavait Creek Water-

shed Heath Tundra, Ver. 4-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246133

[US-Kon] Nathaniel Brunsell (2020), AmeriFlux BASE US-Kon Konza Prairie LTER (KNZ), Ver. 5-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1246068

[US-LL1] Gregory Starr (2021), AmeriFlux BASE US-LL1 Longleaf Pine - Baker (Mesic site), Ver. 1-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1773395

[US-LL2] Gregory Starr (2021), AmeriFlux BASE US-LL2 Longleaf Pine - Dubignion (Intermediate site), Ver. 1-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1773396

[US-LL3] Gregory Starr (2021), AmeriFlux BASE US-LL3 Longleaf Pine - Red Dirt (Xeric site), Ver. 1-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1773397

[US-LS1] Russell Scott (2020), AmeriFlux BASE US-LS1 San Pedro River Lewis Springs Sacaton Grassland, Ver. 1-5, Amer-

iFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1660346

[US-LS2] Russell Scott (2020), AmeriFlux BASE US-LS2 San Pedro River Lewis Springs Savanna, Ver. 1-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1660347

[US-Me2] Bev Law (2022), AmeriFlux BASE US-Me2 Metolius mature ponderosa pine, Ver. 18-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246076
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[US-Ne2] Andy Suyker (2022), AmeriFlux BASE US-Ne2 Mead - irrigated maize-soybean rotation site, Ver. 12-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1246085

[US-Ne3] Andy Suyker (2022), AmeriFlux BASE US-Ne3 Mead - rainfed maize-soybean rotation site, Ver. 12-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1246086

[US-PFa] Ankur Desai (2023), AmeriFlux BASE US-PFa Park Falls/WLEF, Ver. 24-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246090

[US-Prr] Go Iwahana, Hideki Kobayashi, Hiroki Ikawa, Rikie Suzuki (2019), AmeriFlux BASE US-Prr Poker Flat Research

Range Black Spruce Forest, Ver. 3-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246153

[US-Rpf] Masahito Ueyama, Hiroki Iwata, Yoshinobu Harazono (2021), AmeriFlux BASE US-Rpf Poker Flat Research Range:

Succession from fire scar to deciduous forest, Ver. 6-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1579540

[US-Syv] Ankur Desai (2023), AmeriFlux BASE US-Syv Sylvania Wilderness Area, Ver. 23-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246106

[US-Ton] Siyan Ma, Liukang Xu, Joseph Verfaillie, Dennis Baldocchi (2022), AmeriFlux BASE US-Ton Tonzi Ranch, Ver.

16-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1245971

[US-Uaf] Masahito Ueyama, Hiroki Iwata, Yoshinobu Harazono (2023), AmeriFlux BASE US-Uaf University of Alaska,

Fairbanks, Ver. 11-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1480322

[US-Var] Siyan Ma, Liukang Xu, Joseph Verfaillie, Dennis Baldocchi (2022), AmeriFlux BASE US-Var Vaira Ranch- Ione,

Ver. 18-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1245984

[US-WCr] Ankur Desai (2022), AmeriFlux BASE US-WCr Willow Creek, Ver. 24-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246111

[BR-Npw] George Vourlitis, Higo Dalmagro, José de S. Nogueira, Mark Johnson, Paulo Arruda (2019), AmeriFlux BASE

BR-Npw Northern Pantanal Wetland, Ver. 1-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1579716
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[CA-Cbo] Ralf Staebler (2022), AmeriFlux BASE CA-Cbo Ontario - Mixed Deciduous, Borden Forest Site, Ver. 6-5, Ameri-

Flux AMP, (Dataset).

https://doi.org/10.17190/AMF/1498755

[CA-TP3] M. Altaf Arain (2018), AmeriFlux BASE CA-TP3 Ontario - Turkey Point 1974 Plantation White Pine, Ver. 3-5,

AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246011

[CA-TPD] M. Altaf Arain (2018), AmeriFlux BASE CA-TPD Ontario - Turkey Point Mature Deciduous, Ver. 2-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1246152

[US-ARM] Sebastien Biraud, Marc Fischer, Stephen Chan, Margaret Torn (2023), AmeriFlux BASE US-ARM ARM Southern

Great Plains site- Lamont, Ver. 12-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246027

[US-BZS] Eugenie Euskirchen (2022), AmeriFlux BASE US-BZS Bonanza Creek Black Spruce, Ver. 3-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1756434

[US-GLE] John Frank, Bill Massman (2021), AmeriFlux BASE US-GLE GLEES, Ver. 8-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246056

[US-Ha1] J. William Munger (2022), AmeriFlux BASE US-Ha1 Harvard Forest EMS Tower (HFR1), Ver. 19-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1246059

[US-Ho2] David Hollinger (2021), AmeriFlux BASE US-Ho2 Howland Forest (west tower), Ver. 4-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1246062

[US-Jo1] Craig Tweedie (2023), AmeriFlux BASE US-Jo1 Jornada Experimental Range Bajada Site, Ver. 3-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1767833

[US-Jo2] Enrique R. Vivoni, Eli R. Perez-Ruiz (2022), AmeriFlux BASE US-Jo2 Jornada Experimental Range Mixed Shrub-

land, Ver. 2-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1617696
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[US-KFS] Nathaniel Brunsell (2020), AmeriFlux BASE US-KFS Kansas Field Station, Ver. 7-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246132

[US-KLS] Nathaniel Brunsell (2021), AmeriFlux BASE US-KLS Kansas Land Institute, Ver. 2-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1498745

[US-MMS] Kim Novick, Rich Phillips (2023), AmeriFlux BASE US-MMS Morgan Monroe State Forest, Ver. 22-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1246080

[US-MOz] Jeffrey Wood, Lianhong Gu (2022), AmeriFlux BASE US-MOz Missouri Ozark Site, Ver. 11-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1246081

[US-Mpj] Marcy Litvak (2022), AmeriFlux BASE US-Mpj Mountainair Pinyon-Juniper Woodland, Ver. 20-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1246123

[US-NC1] Asko Noormets (2018), AmeriFlux BASE US-NC1 NC_Clearcut, Ver. 3-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246082

[US-NR1] Peter D. Blanken, Russel K. Monson, Sean P. Burns, David R. Bowling, Andrew A. Turnipseed (2022), AmeriFlux

BASE US-NR1 Niwot Ridge Forest (LTER NWT1), Ver. 19-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246088

[US-Ne1] Andy Suyker (2023), AmeriFlux BASE US-Ne1 Mead - irrigated continuous maize site, Ver. 14-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1246084

[US-ONA] Maria Silveira (2022), AmeriFlux BASE US-ONA Florida pine flatwoods, Ver. 3-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1660350

[US-Rms] Gerald Flerchinger (2021), AmeriFlux BASE US-Rms RCEW Mountain Big Sagebrush, Ver. 4-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1375202

[US-Ro1] John Baker, Tim Griffis, Timothy Griffis (2018), AmeriFlux BASE US-Ro1 Rosemount- G21, Ver. 5-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1246092
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[US-Rwe] Gerald Flerchinger, Michele L. Reba (2020), AmeriFlux BASE US-Rwe RCEW Reynolds Mountain East, Ver. 1-5,

AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1617721

[US-Rwf] Gerald Flerchinger (2021), AmeriFlux BASE US-Rwf RCEW Upper Sheep Prescibed Fire, Ver. 2-5, AmeriFlux

AMP, (Dataset).

https://doi.org/10.17190/AMF/1617724

[US-Rws] Gerald Flerchinger (2021), AmeriFlux BASE US-Rws Reynolds Creek Wyoming big sagebrush, Ver. 4-5, Ameri-

Flux AMP, (Dataset).

https://doi.org/10.17190/AMF/1375201

[US-Seg] Marcy Litvak (2022), AmeriFlux BASE US-Seg Sevilleta grassland, Ver. 20-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246124

[US-Ses] Marcy Litvak (2022), AmeriFlux BASE US-Ses Sevilleta shrubland, Ver. 20-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246125

[US-Sne] Robert Shortt, Kyle Hemes, Daphne Szutu, Joseph Verfaillie, Dennis Baldocchi (2021), AmeriFlux BASE US-Sne

Sherman Island Restored Wetland, Ver. 7-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1418684

[US-Tw3] Samuel D Chamberlain, Patty Oikawa, Cove Sturtevant, Daphne Szutu, Joseph Verfaillie, Dennis Baldocchi (2018),

AmeriFlux BASE US-Tw3 Twitchell Alfalfa, Ver. 5-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246149

[US-UMd] Christopher Gough, Gil Bohrer, Peter Curtis (2022), AmeriFlux BASE US-UMd UMBS Disturbance, Ver. 12-5,

AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246134

[US-Whs] Russ Scott (2023), AmeriFlux BASE US-Whs Walnut Gulch Lucky Hills Shrub, Ver. 20-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1246113

[US-Wjs] Marcy Litvak (2022), AmeriFlux BASE US-Wjs Willard Juniper Savannah, Ver. 19-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1246120

[US-Wkg] Russell Scott (2023), AmeriFlux BASE US-Wkg Walnut Gulch Kendall Grasslands, Ver. 20-5, AmeriFlux AMP,

(Dataset).

https://doi.org/10.17190/AMF/1246112
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[US-xBR] NEON (National Ecological Observatory Network) (2022), AmeriFlux BASE US-xBR NEON Bartlett Experimen-

tal Forest (BART), Ver. 6-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1579542

[US-xDS] NEON (National Ecological Observatory Network) (2022), AmeriFlux BASE US-xDS NEON Disney Wilderness

Preserve (DSNY), Ver. 5-5, AmeriFlux AMP, (Dataset).

https://doi.org/10.17190/AMF/1671895
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