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ABSTRACT

The Protocol for the Analysis of Land Surface Models (PALS) Land Surface Model Benchmarking Evalu-
ation Project (PLUMBER) was designed to be a land surface model (LSM) benchmarking intercomparison.
Unlike the traditional methods of LSM evaluation or comparison. benchmarking uses a fundamentallv different



Expanded example: The PALS Land sUrface Model
Benchmarking Evaluation pRoject (PLUMBER)

20 Flux tower sites; latent and sensible heat,
4 metrics: bias, correlation, SD, normalised mean error
9 LSMs, 15 LSM versions

Benchmarks: two ‘physical’ — PM and Manabe bucket; 3 empirical

B Evergreen broadleaf
C Crop

D Deciduous broadleaf
E Evergreen needleleaf
G Grass

M Mixed forest

P Permanent wetland
S Savanna

W Woody Savanna




The three empirical benchmarks in PLUMBER

All 3 empirical models relate met forcing and a flux
Trained with data from sites other than the testing site (i.e. out of sample)

They are each created for LE, H:
o “1lin”: linear regression of flux against downward shortwave (SW)
o “2lin”: as above but against SW and surface air temperature (T)

o “3km27”: non-linear regression — 27-node k-means clustering + linear
regression against SW, T and relative humidity at each node

All are instantaneous responses to met variables with no knowledge of
vegetation type, soil type, soil moisture or temperature, C pools.



PLUMBER results

Best et al, 2015, J Hydromet.

1lin =o= 2lin -+~ 3km27 =e= Manabe_Bucket.2 == model -~ Penman_Monteith.1
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Vertical axis is the rank of each LSM (black) against the 5 benchmarks, averaged over:
e 20 Flux tower sites — 9 IGBP vegetation types;
* 4 metrics: bias, correlation, SD, normalised mean error

* Onaverage, LSMs outperform Penman-Monteith and Manabe bucket implementations

 Onaverage, LSMs sensible heat prediction is worse than an out-of-sample linear
regression against downward SW radiation

* For all fluxes, models are comfortably beaten by out-of-sample regression against
Swdown, Tair and RelHum
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PLUMBER results — methodology?

Lack of flux tower energy conservation advantaging empirical models?

Time scale — daily, monthly, seasonal rather than per time step
performance?

Time of day — diurnal biases in flux tower favouring empirical models?
Poor LSM initialisation?

Are ranks not representative of metric values?

Biased by metric choice?

Biased by site choice?



PLUMBER results — why? Not energy conservation.

1lin == 2lin =~ 3km27 =e= Manabe_Bucket.2 0= model Penman_Monteith.1
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e Constrain each empirical model to have the same sum of (latent +
sensible) heat flux as the LSM at every time step

— Each empirical model then effectively has the same Rnet and ground heat flux as the
LSM it’s being compared to — and conserves energy.

* Results are mixed but the regression against SWdown, Tair and RelHum
still comes out on top, especially for sensible heat flux.

Haughton et al, 2016



PLUMBER results — shared model issues?

1lin == 2lin -+~ 3km27 =e= Manabe_Bucket.2 =#= mode! -+~ Penman_Monteith.1

CABLE20  CABLE20SLI  CHTESSEL = COLASSiB20 ISBA_SURFEX ISBA SURFEX3l  JULES3.1 JULES3.1_altP MOSAIC NOAH2.7.1 Noah 3.2 NOAH 3.3 ORCHIDEE

Haughton et al, 2016




SWdown

PLUMBER results — shared mod
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PLUMBER results — shared model issues?

Qh error sum, binned by SWdown and Tair, for 1lin_SWdown at site all Qh error sum, binned by SWdown and Tair
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Can we build a better empirical model?

STH_km233_IR2d30d: PLUMBER plot: all metrics at all

name
— S in
ST_lin
STH_km27_lin
—— STH_km233_IR2d30d

20 /
Qh
variable

STH_km233_IR2d30d: PLUMBER plot: standard metrics at all STH_km233_IR2d30d: PLUMBER plot: distribution metrics at all

name name
— Slin

ST_lin ST_lin
STH_km27_lin STH_km27_lin
30 —— STH_km233_IR2d30d —— STH_km233_IR2d30d
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Martyn Clark:
PLUMBER models within a Budyko framework

The Budyko framework examines how the dryness index (PET/P) affects the
evaporative fraction (ET/P).

The statistical models tend to be lower than the Budyko curve for the wetter sites
and higher than the Buyko curves for the drier sites.

At drier sites the statistical models can have ET greater than P (i.e., an evaporative
fraction greater than 1).

#® Statistical benchmarks
Physical benchmarks

o LSM simulations

® Observations

Dryness index



Martyn Clark:

PLUMBER models within a Budyko framework

 Approach
— RMSE across the 20 fluxnet sites

— Impact of the small sample size
is characterized by resampling

the sites (with replacement)
1000 times

e Results

— Most of the land models
actually outperform the
statistical models.

The Budyko curve provides
better predictions than most of
the land models, suggesting
that the land models are
incapable of predicting
departures from the Budyko
curve.

 The conclusions of PLUMBER still
hold, with a simple model
(Budyko) outperforming most
land models.
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Dry-down events at PLUMBER sites (Anna Ukkola)
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Evaporative drought at PLUMBER sites
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Ongoing work around PLUMBER

Ned Haughton (UNSW Sydney, + Gab) — how good can empirical models be?

— Continuing to look for an uber-model using all met variables, flux history, markov chain
approach etc

— Build in conservation?

Martyn Clark (UCAR) — investigating PLUMBER with SUMMA modelling
architecture

Martin Best has mentioned wanting to use PLUMBER data for some kind of
frequency domain analysis



PLUMBER results — timescale?

1lin =o= 2lin -~ 3km27 =e= Manabe_Bucket.2 @= model -*~ Penman_Monteith.1
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PLUMBER results — time of day?

1lin =e= 2lin 3km27 =e= Manabe_Bucket.2 =@= model Penman_Monteith.1
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PLUMBER results — initialisation?
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F1G. 7. Model spin-up metrics, based on daily averages, from all LSMs at all sites. From left to right: 1) day
at which the simulated series crosses the observed series; 2) as previous, but as a percentage of the time series; 3)
difference in the slopes of linear regressions of simulated and observed series over time (W/day); 4) significance
of the difference in the previous metric - values left of the red line are significant at the o = 0.05 level ("44%
of all values); and 5) the rate at which the bias is decreasing, measured by mean(error)/slope(error) - negative
values indicate the simulations have a trend toward the observations. Colours indicate the Fluxnet site at which

the simulation is run.

Haughton et al, 2016
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PLUMBER results — ranks vs metric values?
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Haughton et al, J Hydromet, in review
FIG. 3. Histograms of differences between metric values for benchmarks and models with neighbouring ranks,
for all models at all sites. Values are calculated by taking the difference of the metric value for each model from
the model ranked next-worst in for each LSM, Fluxnet site, metric, and variable. The blue data shows the
benchmark-to-benchmark metric differences. The red data show the differences between the LSM and the next
worst-ranked benchmark (e.g. if the model is ranked 4, the comparison with the Sth-ranked benchmark). The
green data show the difference between the LSM and the next best-ranked benchmark. Because the models are

ordered, all differences are positive (correlation is inverted before differences are calculated).



PLUMBER results — metric?

1lin == 2lin -+~ 3km27 =e= Manabe_Bucket.2 8= model Penman_Monteith.1
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PLUMBER results — sites?

1lin =e= 2lin =~ 3km27 =e= Manabe_Bucket.2 =@= model ~#~ Penman_Monteith.1
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