Global Model Skill Assessment Workshop

Plymouth 05/02/07-07/02/07

Talk by Icarus Allen: Introduction to Workshop
Arhonditis and Brett 2004:

153 models tested

only 47% had any kind of validation, 30% determined some measure of fit

increasing complexity and spatial resolution did not lead to a better representation of ocean variables

Talk by John Dunne: “Science context and challenges behind simulation efforts of global marine ecosystems”
Why do we need models?

- Earth system component functioning

- Global scale fore/hindcasts

- Local downscaling for fore/hindcasts on longer timescales
-  Feedbacks between marine ecosystem and climate

What processes must be simulated?

- Climate goals -> BGC radiative feedbacks

- BGC goals -> ecosystems

- Human impact goals -> socio-economic feedbacks

Challenges:

- Importance of processes?

- Degrees of freedom?

- Globally robust <-> regionally applicable

- Stability

- Abbruchkriteria

Key Questions:

a) marine ecology

- regulation of phytoplankton blooms

- species diversity

- bacteria: kinetics vs chemical potential

- plankton motility

b) marine biogeochemical (BGC) modelling

- negative feedbacks regulating system:

- ecosystem functioning

- BGC controls

- climate feedbacks

-> how will climate change (CC) impact this system?

Specific questions:

- effects of CC and temperature increase on ecology

- effects of pH on ecology

- fisheries impact of CC
- how can we downscale to land-ocean interface? (near shore, shelves, sediments)

- harmful algae blooms

Comment:

Danger of only considering linear/direct effects

BUT: we need to consider indirect effects of nutrient supplies, physics, whole ecosystem dynamics (non-linear dynamics)
Divergence between phyto and bacterial Q10, growth versus respiration

Growth efficiency: Q10 cannot be kept constant, leads to wrong nutrient dynamics
Question:

Can we model everything as f(T) and we don't need this complexity?

Have we just not yet discovered that we can?

Challenges to workshop:

- What do we know?

- What do we need to tell?

- Sensitivity to CC?

- Feedbacks on climate (C)?

- Coastal and estuarine systems?

- Relevance to fisheries?

- Understanding of underlying feedbacks?

Comment:

There are more scientific aims (and questions) to address:

Test ecological theories (do we need validation for this?)

Also: socioeconomic implications (but need different models for this)

Comment:

Need to define use of models. Two approaches:

1) Heuristic approach: need to justify assumptions

2) Quantification of climate implications: need robust representation (testable) of today

Question of scales
Question:

Are fisheries/fish big enough in terms of biomass?

Comment:

Talk was oriented towards biology, but what about the physical representation? But are we happy with our physics? Does the physics dictate global ecosystem behaviour? Wee see lots of bifurkations/chaotic behaviour in mesoscale and lab experiments, but not in our global models- Different scales of interactions, is it biology on local scales and physics on the global means? Theory seems missing at that point.
Comment:

Irrespective of model structure and skill – can they be improved by a division of autotrophic pool into classes? Shall we model phytoplankton spectrally? Possible argument: We know that nature shows spectral structure. E.g., structure is f(depth), use of light is spectral, physiology behaves the same. So physiology indicates that we should go towards increased complexity.

BUT:

Strong voices note that corresponding errors and large degree makes predictability questionable. This is an argument against complexity and spectral structure. But then we don't need remote sensing techniques for ocean colour and pigment distribution etc., so arguing for the abandon of PFT ideas would stop a lot of development in new areas of research.

So:

Physiological base is spectral -> argue in favour of complexity even if error is big (for now), because treating marine system spectrally respects biological foundations.

Remaining question: What about the parameters on local and global scale?

Large range for many parameters (2 orders of magnitude observed) for different PFTs.

Hence:

 If we base all our assessment on statistical approaches for model evaluation, then we will never move towards PFTs.

Comment:

DOC production, needs to be incorporated in models for the autotrophic pool, need remote sensing info on DOC. Sub-comment: are pools of heterotrophic and autotrophic DOC coupled? Bacterial growth efficiency is f(T, nutrients).

Comment:

Remote sensing is modelling. Large danger in using data derived from satellites for our evaluations.

Questions:

Are we validating against the right parameters?

Do we consider values measured in situ as truth?

What is the error associated with local measurements?

What is the relevance of point measurements for a 3D model with 1deg x 1deg resolution?

Comment:

Models cannot be “validated”. BUT: different vectors of biology react to different vectors of physics and the underlying physical processes are badly represented in z (depth) (seasonal cycles of mixed layer depth etc.). Relates to Tom Anderson's comment on NPZD vs PFT models. But: Not fair to just compare performance in terms of skill to represent chlorophyll only..

Dilemma between:

1) Range of answers in model predictions that improve understanding of Processes and: 
2) THE RIGHT ANSWER
Comment:

Disagree with comments about remote sensing: RS algorithms well validated

(SeaWifs vs chlorophyll measurements).

Talk by Baris Salihoglu: “Why make models global?”

Oreskes in 1994

- prediction in response to CC

- models are easily manipulated, nature not

- hard-to-measure quantities

- aspects of future study illuminated (ocean acidification)

- management and restoration of marine systems

Comment:

Models have big uncertainities (systematic errors) at places where the big blooms actually occur (SO, Equatorial Pacific) - > so poor predictability where the “action” is going on.
Comment:

All models are similar in response in place where physics is the same ->

:( (but some disagreement in the audience about this -> :) !)

Issues of scale and ecosystem complexity:

Models have to be sufficiently detailed and must have flexibility to allow changes in ecosystem functioning in response to CC.

Emerging science questions:

- ocean C cycle

- N fixation, denitrification

- silicification

- calicification

- DMS cycle

- bacteria

Comment:

Question of USERS – Is the 1st order solution ok or not?

Climate community – main interest is global T

Comment:

Need probabilistic approaches! Ensemble runs with different sets of assumptions to establish LIKELIHOOD of different future pCO2, T ...

QUAMP project: weigh future outcome of set of parameters with a score for skill in representing present state.

Comment:

Models are diagnostic tools, danger to believe model results just because they look expected, but the agreement may be due to wrong reasons -> we need different models with different complexity and structure

-> “dysfunctional models”: we may learn more from models that are not working

Comment:

What is a model? - Mathematical treatments of CONCEPTUAL framework and

these are constantly evolving...
Comment:

Should vary our models within the uncertainty of input parameters routinely, check validity of mathematical formulation
PQuestion:

Do we need more “back-of-the-envelope” calculations, check of concepts?

Do we need to make simple models for climate applications (C) and complex models for ecosystem-related questions (E)?

C: 1st order, physics dominated, models with simple (diagnostic?) representations of biological processes? Change in physics will roughly determine changes in ecosystem and thus BGC cycles?

E: PFT models for ecological applications, biodiversity, fisheries?

And will we still get paid if we say so?

Comment:

Resilience – can ecosystem recover from perturbations? Shall we go from BGC models to ecosystem models to answer this question and in the way to get there via PFTs?

Talk by Todd O'Brien: COPEPOD database
Several data sources:

- WOD-98 – WOD05, COPEPOD-2005/7 (O'Brien 2005, O'Brien 2007)

- IBSS data (Piontkovski)

- SAHPHOS data

Comment:

WOD data difficult to use (mixed opinions)

Buitenhuis 2006 used 2001 database and found difference between model and data to be a factor of 2-3 -> problems in conversion rate now corrected, model helped find errors in data

COPEPOD includes: mesozoo, microzoo, bacteria, phyto

Information from zooplankton tows; 100 um <= mesh size <= 500 um

Phytoplankton, mesozoo, microzoo, macrozoo counts from CPR: mesh size 300 um

COPEPOD:

Problems: Bias crustacean zooplankton Todd needs to meet less tow and more bottle people :).

Future: now abundances and biomass, future rates and weights

Question:

What about temporal and spatial resolution? Raw vs, processed data?

Answer:

-> different spatial resolutions available

-> seasonal coverage: what is a season?

-> seasonally biased
Summary:

The smaller the spatial resolution, the larger the gaps

Data may not yet suit modellers’ needs perfectly, but there is a will to adapt better as far as data is available

Comment:

AMT has PFTs, first 10 years have been analysed, could fill some gaps.
Interpolation:

Linear vs adaptive interpolation strategies

Interpolated data: Annual means on very sparse data, one way is to use a mixed resolution (from 4deg to 1deg)

Question:

Potential for phytoplankton (diatom) fields?

Answer:

Lots of gaps!
Question:

Has data been analysed with respect to recent regime shifts?

Answer:

Yes, some publications, Todd will be working more on this

Comment:

Caution concerning phytoplankton fields (diatoms), size class may be inappropriate and only small fraction of diatoms really sampled (long chains) with these tows, even CPR data is biased (how?)

Comment:

Qualitative vs quantitative evidence, can be used to test model skill for representing seasonal occurrence of plankton types, already good, if model and data would agree there

Comment:

If PFT made available, we need to keep as much info on sampled species as possible, so that modellers can extract appropriate PFT

Question:

Uncertainty of the data? And what is meant by error - spread, reproducibility, analytical error?

Answer:

Error dependent on method with which data was measured with

Comment:

Even rough estimate of data uncertainty would help model skill assessment

Comment:

Why focus on mesozooplankton? Only ~20% of all phyto consumption by them, 80% by microzooplankton -> lots of effort on a minor constituent?

Comment:

Get away from C budget, address more ecosystem questions. Fisheries? For BGC cycles no need to focus on large zooplankton. Importance for birds?
Short presentation by Patricia: SAHFOS

CPR sampling:

~ 5 mio miles in North Atlantic sampled

- phytoplankton colour

- phytoplankton groups

- zooplankton

- seasonality changes (phenological)

- monitoring non-indigenous and toxic species

- eutrophication

- fisheries (Beaugrand 2003)
Observed regime shifts: Beaugrand 2002

Also observed: Shifts of biogeochemical provinces (Edwardsen 2006)

PCI (phytoplankton colour index): use for model evaluation, comparison with SeaWifs has been done (Dionysos 2006)

Zooplankton:

- inter-decadal changes

- seasonal, day/night cycle changes (work in preparation)
Personal Note:

CPR's PCI, phyto counts determined in “bands”, values from 0-3 are given according to darkness of colour of sample in question, hence they do not give concrete estimate of uncertainty. BUT: this potentially makes a large difference for biomass. Categories are 0 – none, 3 – many 

(please correct if wrong)

Short presentation by Nicholas Stephens: DGOM database
Data availability and needs, based on the PlankTOM model

Comment:

Satellite data – cannot give quantitative evidence? Only species it can detect is lithed E. huxleyi in senescence stage? Trichodesmium?  (some debate) Question is really – can we see PFTs from space or not?

Comment:

We are trying to reproduce historic fields with modern methods (e.g. satellites). Do we have confidence in these historic fields? Have been measured over many years, with many instruments -> two completely different timescales, can there be agreement?

Comment:

Use table in summary paper
Talk by Richard Rivkin: “From lab studies to global models”

Need to think about goals/attributes of each step.

Lab -> field -> model

Species level -> community/populations -> large scale interactions, provinces, 







different ecosystems

Hierarchy of data analysis:

primary data from observation -> comparative analyses -> meta-analyses

the latter give us synthetic understanding of data for model use

distinguish between types of models:

- conceptual models (qualitative)

- numerical models (quantitative)

What determines success of models?

- structure

- parametrisation

- validation

Case studies:

1) BGE = BP/Bdoc
suggestion: introduction of microbial hub, restructure food-web dynamics

around this hub, separate small from larger (zooplankton vs. bacteria)

heterotrophs

2) Iron enrichments:

ANCOVA – differences in bacterial parameters seem to be smaller than in

phytoplanktonic parameters

Summary: Have to think about our loss terms (not only production terms) ->

RESPIRATION!!

Problems with Iron Enrichment Studies:

- not run to steady state

- not reproduced, not replicated

- limited amount of statistics that can be applied

- very few out-patch measurements

(overall not very suitable data due to design flaws)

 -> use different studies as replicates

Richard: Only about 4 groups of bacteria that are functionally different

(in terms of DMS, respiration etc.) - should be ok to model them as one PFT

Tuesday: 06/02/07

Icarus: Summary of yesterday

What are models for?

Global Carbon budget 
OR:

Marine ecosystem response to climate change

Maybe these two aims do not require same level of complexity?

Carbon cycle: more driven by physics? Balance PP versus BP only?

Biology: are we dealing with the good spatial and temporal scales?

Yesterday:

- identify/ avoid dysfunctional models

- meta-analysis of data required for models

- need to understand data errors

- need to understand model errors

  (parameters, forcing, initial conditions, numerical)

- need easy access to data

Break-out groups should discuss the following issue:

Do we have the right data?

- What do we have?

- What is missing?

- Which priorities would we set for evaluation of a PFT model?
Group1:

	
	State variable
	Rate processes

	Zooplankton
	Biomass micro, macrozoo

(in dry weight)

Size spectra
	Growth rates(T)

Respiration

Mortality

Feeding preference

Assimilation parameters

	Phytoplankton
	Biomass

Size spectra
	Growth rates

Nutrient uptake

Photosynthetic parameters

Mortality

	Bacteria
	Biomass
	Growth rates
Remineralisation(T)

K_m

Viral Lysis

Grazing

Mortality rates

	Environmental Parameters
	Light fields (z)
Fe chemistry/distribution

Physics!
	

	Export
	POC, DOC, DIC, PIC
	


The parameters in red were considered to be of highest priority.

Group 2:
1. easy access to data

2. pigments HPLC

3 lab experiments with different PFTs

4. rage of conversion factors 

    Wet weight -> dry weight -> Carbon

5. Field rates


Primary production


Respiration (bacterial, community)


Grazing


Active response to environmental conditions

6. sinking velocities


Sinking ‘length’

7. DOC, DOM and bioavailability of Fe


Ammonia (Todd’s database)

8. meta-analysis of data synthesis prior to modelling effort

Group 3:

- need to look at things in terms of PFTs

- meta-data


Environment, method, data quality

- data: small to large scale (both special and temporal)

- data accessibility

- rates!

- PFTs across biogeochemical provinces

- bacteria – remineralisation in situ

- PFTs: are size classes the most appropriate classification?

Talk by Marcello Vichi: Consumer’s Guide

- analogous discussion about validation in environmental sciences as in sociology


Inspiration from sociology literature

- not all models need to be validated
- so absolutely do not need to be

- level of validatyion has to be f(purpose)

6 types of validation (Knepell 1996):

1) Conceptual

2) Internal

3) External

4) Cross-model

5) Data

6) Security validation

SQuestion to 1):
Are our models conceptually correct at the appropriate scale?

SQuestion:

How about the validity of functional forms (equations) used?

SQuestion to 2)
Internal validity: Is the computer code correct?

3) External validity (operational):

Linkage between simulated and real world

Objective adequacy

Is the process as it is observed?

-> Visual comparison is often applied here (e.g. annual means)

-> BUT: we need an objective assessment!

Objective assessment:

· Taylor diagrams ( L… , Doney  2004)

· Self –organizing maps

Here: Examples of validation of annual, seasonal cycles, rates, global, on transsects, stations…..

4) Cross-model validation:

· Does a set of different models match eachother?

· IS NOT: multi-model ensemble study!

· Learn about processes

5) Data validity:

· accuracy of data and data’s adequacy for designated purpose

Example: How good is SeaWifs? 



Gregg and Casey, RSE, 2004 find 30% error!

Concerning satellites:

· chlorophyll is not biomass!!

· Surface chlorophyll vs optical depth that satellite sees/samples

6) Security validation:

· Safeguards for tampering with model <-> tuning vs fundamental alteration

· How can we do quality control on this issue?

Levels of external validity (Carley, 1996):
· face
· pattern

· distribution

· value

· process

· theoretical

· Model should perform better than a linear model would do, otherwise theory is bad.

Problems in current models:

· lots of hand-waving: assumptions and theoretical validity never justified

· process validity never challenged

· data never shown

Talk by Baris Salihoglu: Model complexity

Simpler models:
· size classes

· competition approach – define many, few survive (Fasham)

Genome-based models
Energy-based models

We need good physical models (mixing, eddy resolution)!!!

Description of Baris’s model: 

1D lower trophic level model (Salihoglu and Hoffmann 2007) – 4 PFTs, cell quota of N, C, Fe, Si

Salihoglu et al. 2007 (submitted): Work at BATS to resolve nutrient dynamics and ecosystem functioning (4 PFTs)

Short talk by Ben: Inverse modelling

NPZD model – data model misfits and optimization in (allowed?) data/parameter space

-> ill-posed problem, so solutions are not robust, neither are they unique

-> use Monte-Carlo techniques and look through parameter space, determine likelihood

-> use PDFs (probability density functions) 

Misfit due to data uncertainties – 

1) Model vs model misfit (rounding, interpolation, uncertainities)

2) Model vs data misfit

Reject all parameter sets that lie outside 95% confidence interval

Talk by Ian Totterdell: Minimum criteria for HadGEM2 acceptance

Minimum criteria:
· surface pCO2 (annual average, seasonal)

· surface chlorophyll (annual, seasonal)

· export at 100m, annual average

· gradients of DIC, TALK, O2 in top 500m

· “reasonable” global pCO2 sink

(ca. 2 PgC/y @1990); export (ca. 10 PgC/y) ; rain ratio (0.05-0.25)

Should we consider scales of inter-annual variability ?
Break-out groups: 

“Define a set of criteria for assessing PFT models in context of ecosystem response to climate change”

· type

· key data sets

· metrics

· spatial/temporal scales

· else?

Group 3:

· seasonal cycle of all PFTs globally and at all times (
· interannual variability

(succession, magnitude, timing)

· dominant PFT, geographical distribution, CPR, AMT

Validation: all state variables (nutrients, biological tracers, physics !!!!, MXLD, SST)

Tests: Right PFTs selected?


Validate physical models


Get parameters restrained reasonably?

Comment:

Nutrient restoration – is this justified? Models cannot just drift off into nonsense after 10 years or less…

Comment:

Satellites: Ocean colour - will we really be provided with PFTs from space?

Group 1:

Minimal requirements:

· minimum requirements same as NPZD and Carbon models
· phase validity

· pattern validity

· nutrient surface concentrations, chlorophyll-a, primary production (data?)

· vertical structure in sub-regions, gradients of T, salinity etc.

(e.g. based on biogeochemical provinces (regional scale))

Extension/Additional requirements:

- timing of blooms (physics!) as validation -> satellite data

- ecosystem functioning (maybe assess in terms of size spectra)

Group 2:

· HadGEM2 requirements

· Chl-a -> PP -> PFTs  -> biomass

Chl-a: from SeaWifs, World Ocean Atlas, Transsects, CPR

PFTs: Detection form space, BUT: not independent if SeaWifs chlorophyll is used to validate both chl-a and PFT distributions! Use CPR and assess in terms of presence/absence of organisms

Biomass: HPLC measurement, flow cytometry, CPR

· annual means and seasonality

· define “validation”, “evaluation”, “assessment” prior to use

· “operational” vs “research” model

Talk by Icarus Allen: Beyond χ by eye

 Small demonstration on assessment by visual comparison:

Give group a set of model results and data (1D curves), let them judge agreement.

Do quantitative analysis of outcome- plot R2 vs Bias against R2 vs Model efficiency

Result: Some people had no sense for agreement between model and data at all, best test persons got about 50% of choices right, modellers do better than observationalists (what a relief (!)
Summary: Scientific assessments of model-data match should not be based on visual comparisons!

Mathematical approaches:

· cost functions (CF) , model efficiency, model bias

· use the right metrics! (use several metrics)

· plot summary of model performance as σmodel/σdata vs R2
(Allen: J. Mar Sys (in press))

Other technique: ROC (Receiver Operator Characteristics)
Vary a threshold through space and count number of true positives (model and data above), true negatives (model and data below) as well as false positives and negatives

Plot 1- specificity against 1- ._ (something like true positives against false negatives or so): If model better than random, then most results should be above the (0,0) - (1,1,) line. Worse than random: Invert some trends, theory wrong!

Other assessment:

Can models reproduce observed biological relationships?

e.g. evaluate linear relationship between log(BP) against log(PP)

(Allen J. Mar Sys. 2002)

Multivariate approaches:

· for pattern analyses

· not only chl-a versus chl-a and SST vs SST but: relationship between multiple variables is tested

Use MDS (Multi-dimensional-scaling) to calculate distance vectors between groups, then RELATE test.

OR: Cross correlation matrix (CCM)
Calculate CCM between model variables (all with all) and data (all with all) – models tend to be much more correlated than data

Furthermore: Principle component analysis (PCI)

(some kind of Fourier spectrum) in phases between variables

-> use to evaluate phytoplankton seasonal succession

Last but not least: Self-organizing maps (SOMs):

· classes based on similar (environmental) properties, clusters, then plot errors for individual regions

· can use this to see which variables/properties are well/poorly described in which region

Model – satellite comparisons:

· Annual skill and bias maps for chlorophyll (Siddorn J Mar Sys, in press) for model vs SeaWifs comparison (2003)

Summary: 

- Large range of metrics needed to evaluate model

- Eye sight not always appropriate to do so

- Test whether results are better than random?

- Many methods, not just CF and correlations

- Reproduce biological relationships

- Qualitative match in space and time?

- Quantitative match in space and time?

Question:

There is ecological theory that more biodiversity leads to more stability in biological systems. Can this be tested or used as a tool to assess ecosystem model performance?

Answer:

Yes, with PCI, usually PCI gives more variability for data than for models, tight range of results there.

Talk by Roger Proctor: Does the coastal zone matter?
Ocean: 70% of world’s surface, 46% of world’s PP
Continental Shelves: 7% surface (but looks bigger when projected onto a map),



15-30% of ocean PP

- Influence on currents (e.g. where Gulf Stream hits shelves)

- Geometry affects water flow

- River Inputs in that area

- Shallow waters – waves tend to dissipate

- proximity to land

Summary: 
Coastal zones are important 

Differences in temporal and special scales!

Comment:

Most/largest model errors occur in upwelling regions

Comment:

Go to high resolution models, learn about shelves and feed this knowledge into the global models.

Comment:

Are thee quantitative efforts estimating differences between 1-way (2-way) nesting and coarse resolution/global models?
Short Talk by …: BEAGLE (Blue Earth Global Expedition 2004)

Bonman et al. (2006) 

Differences in ecosystem composition along a transect as a f(physics (T, MLD))

· can do this in terms of pigments at the surface

high mixing regime -> stratified regime

diatoms (dinos?) -> Synechococcus

low chl-a: picophytoplankton

intermediate chl-a: nanophytoplankton

high chl-a: micro (diatoms)

low T: micro

intermediate T: nano

high T: pico

Comment:

Problem for modelling here that Prochlorococcus/Synechococcus all in 1 box at the moment 

Comment:

If models produce very consistent patterns in this region, then already very good, test picophytoplankton PFT.

Prochlorococcus (P) and Synechococcus (S) seem to inhabit very distinct regions of ocean as f(T, mixing) BUT: similar cell size, low biomass

P & S are physiologically quite different and respond very different to environmental forcing (P can use Nitrate, S cannot)

PQuestion: 

Subdivide pico box into two parts? If ocean this way then behave as P, otherwise be S? Or sum them up?
Talk by Jim Aiken: PFTs from Space
Pigments for diatoms, dinos, flagellates, mixed phytoplankton (Prokaryotes)

AMT – measured pigments, pigment ratios for the individual groups

TChl-a from SeaWifs shows very close correlation with HPLC measurements from AMT (AMT 11 had outliers)

All AMTs now analysed according to pigment distribution and BGC provinces

Jim: finds 2% diatoms from space, 65% prokaryotes (% of chl-a?)

Personal Question:

Then why are diatoms a PFT in many models?

Question:

Is this useful or do we need biomass/Carbon associated with this information?

Answer:
Is a start, useful to know dominant organism
Talk by Shubha Sathyendranath: Gaps in our information

Available photosynthetic models:

· f(biomass)
· biomass- independent

· Carbon based models/growth models

How to go from non-spectral to spectral models? 

· get a integration over α(λ) term in model
compare the 3 model types specified above – should give the same answer, because they are the same. Spectral vs. non-spectral models will differ only in the non-coherent term, same if this is 0 (not often)
PFTs: 

Shows graph of α(λ) for Prochlorococcus, cyanobacteria, prymnesiophytes, diatoms, chlorophytes, Prochlorococcus has high alpha for shorter lambda than others, diatoms lower in that regime, but higher than the others for higher lambda.

Light level =f(Chl-a) as phyto absorption is wavelength selective (blue dominance of residual light in oligotrophic, green in euphotic waters).

Oligotrophic: Prochlorococcus and Cyanos have photosynthetic advantage over diatoms

Different models: 

Only different in input variables (chl-a, biomass, Carbon..) Absorption as input parameter: In terms of biomass larger source of error, better to use chl-a, as absorption can be easily derived. Use of Carbon also large source of error, as detritus can account for majority of Carbon, phytoplankton have smaller backscatter, viral and bacterial C shows more.

PFT based models: Need parameter sets for all groups, Shubha considers this as largest gap in our current information, ocean largely undersampled there

… shows some measurements of the different photosynthetic parameters as f(PFT), data is scarce…

Most light absorbed by phytoplankton does not result in production but is converted to heat, heating the water column
· biomass induced heating of the upper ocean

· this influences mixing, leads to convection

· also influences nutrient supply

· shallower layers -> high light -> higher production

BUT: 
Ratio MXLD/ dcrit limits growth!

dcrit: growth terms = loss terms

MXLD < dcrit: growth

MXLD > dcrit: no growth

MXLD = dcrit: no change in biomass (fixed point, attracts stable biomass)

· bio-optical control on bloom formation (Aumont and Bopp 2005)

Maximum biomass = f(optical properties) “optical homeostasis”

Summary:

· not so many gaps in theory of bio-optical models

· huge gaps und parameters for PFTs (know more about this than about any rates/biomasses etc -> scary..)

· cross fertilization between these simple models and numerical solutions

Question:

Other model from 1970’s says that maximum chlorophyll ≠ f(organisms/composition)

Answer:

Seems not to be viable

Comment:

Loss processes also important. Need both production and loss for stability – can this be used to derive loss rates? -> we could then use satellite imaging, MXLD and photosynthetic models to derive a “general loss term” (but this then contains grazing, sinking, viruses…).

Comment:

Ocean parts dominated by small cells, sinking terms are small
Friday: Discussion of R. Rivkin’s Outline for paper

“Goal of modelling should be testing hypothesis (then same rigour should be applied to models as to evaluation of laboratory experiments)”
Comment:

Deductive versus inductive method. Need data to develop hypothesis, test hypothesis, then use that for prediction

Comment:

Very “noble”, models developed for a project vs project to build a model, “fit for purpose” (same holds for analytical methods)

· need error estimates on our model outputs, need to understand what IS the error

Comment:

What is the error of a model?

· model data mismatch?

· Uncertainty in parameters?

· Variation of parameters in ensemble runs time consuming

· Inverse modelling as alternative to go

·  use statistical emulators that give envelope of uncertainty

· Numerical/computational error

· BUT: There is a diversity of “validation information” for testing models.

Comment:

Need clear definitions of terminology we use:

· validation

· error

· uncertainty

· mismatch

Comment:

Differences in skill between (linked) variables such as e.g. N and P? What is acceptable? Shall we have criteria? Question to observational community.
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