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Project objective # 1 

The current generation of fully coupled ESMs represent a variety of 
biogeochemical fields and processes.

Need For Diagnostics 

There are relatively few collections of computerized analysis 
routines aimed at diagnosing these processes in ESMs

How are diagnostics useful to scientists at 
GFDL? 

- Generalized analysis scripts to help see 
model biases, how the model is 
behaving and its characteristics. 

- Plots can be generated automatically 
when experiments are run



Initial research: What are the key biogeochemical variables in ESMs that 
should be monitored on a routine basis?

 
Ocean Topaz Tracers
● Alkalinity
● Dissolved Inorganic Carbon (DIC)
● Phosphate (PO4)
● Nitrate (NO3)
● Silica (SiO4)
● Oxygen  (O2)
● Iron (Fe)
● Chlorophyll

Global Data Analysis Project (GLODAP)

World Ocean Atlas (WOA)



Methods

● Regrid World Ocean Atlas (2013) data to the ESM2M 
model grid

○ FMS “horiz_interp” bilinear interpolation
○ Vertical remapping using ALE  -- 102 vertical 

levels to 50 levels
○ Regridding performed via MIDAS (Matt Harrison)

● Analysis scripts based on common Python packages:
○ netCDF4
○ Numpy

● Makefile available for running and testing the scripts
● Scripts can easily be updated to work with ESM4

○ Variables names similar between TOPAZ and 
COBALT

Development of diagnostic tool: 

“Three Panel Plots” generated using 
“m6plot” (Alistair Adcroft)

○ Generates surface and zonal 
mean vs. depth plots

○ Basin masking for Atlantic, 
Pacific, and Indian Oceans

Output:



Methods Python & Jupyter Notebooks 

GitLab



Project objective # 2

Understand the changes to the 
biogeochemical fields under a climate 
change scenario relative to how much 

the model drifts.   

Application of the diagnostic tool 

Use the diagnostic tool created to: 



-To obtain 1860 initial conditions, 
biogeochemical tracers were initialized 
from World Ocean Atlas 
observations for NO3,PO4,SIO4,O2 
and the Global Data Analysis project 
for DIC and Alkalinity. 

 
    Y (drift) = 1861-1880 - observations
     
    X (Clim. change) = 2081-2100 - p.i control

Observations: 
WOA
GLODAP
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Perfect Model: No biases 
introduced when spinning up 
the model
Drift = 0
     X > drift

GFDL ESM : Biases 
introduced when spinning up 
the model( length of spin up 
plays a role)
Drift > 0
     X < or > drift?

    Y = Drift = Time 
evolution of the bias
    X = Climate change 
response 

  X

  X  Y
(drift)

What is      X (climate change 
response) relative to     Y (drift) 
in each of the biogeochemical 
fields?  

- if drift is larger than the climate 
change response, it makes it harder 
to interpret results of climate change 
experiments. 

1861-1880

2081-2100

 



Phosphate Global Zonal Average vs. depth 

DRIFT CLIMATE CHANGE RESPONSE 
Drift:
rms=0.189
Climate change response:
rms= 0.049

Drift > clim. change response
for PO4, NO3, SIO4, O2 and 
Alkalinity 



Dissolved Inorganic Carbon Zonal Average vs. depth

DRIFT CLIMATE CHANGE RESPONSE

Drift:
rms=37.451
Climate change response:
rms= 56.787

Clim. change response > Drift



Temperature Global Zonal Average vs Depth

Drift:
rms=1.2467
Climate change response:
rms=0.638

Drift > Climate Change 
Response 

DRIFT CLIMATE CHANGE RESPONSE



Variable  Drift
(Model vs. Obs)

Climate Change Response
(RCP8.5 vs. Control)

PO4 0.09 0.02

NO3 0.08 0.02

SIO4 0.19 0.05

O2 0.11 0.05

DIC 0.017 0.025

Alkalinity 0.009 0.003

Temperature 0.5 0.18

Drift > Climate Change 
Response 

Climate Change 
Response > Drift

Normalized RMS 

Normalized RMS =



Conclusions 

Over the course of the model spin up, the model has drifted and 
changed more than the climate change response 

For a higher resolution model (CM4) that is more computationally 
expensive, it would be beneficial to reduce the spin-up time in 
order to minimize the drift and bias. 

As strategies emerge to shorten the spin up time of the coupled 
model, a useful next question would be:

At what time in the spin up does the drift equal the climate 
change response for the biogeochemical fields in other 
versions of GFDL ESMs?



Outstanding Issues 

● Further validate horizontal and vertical regridding
○ Regridding in the Arctic seems sensitive to model resolution
○ Tried different regridding tools

● Uncovered bug in the MIDAS implementation of ALE
○ Piecewise-linear (plm) remapping fails on MOM4p1 output
○ Only piecewise-constant (pcm) remapping was successful

PO4 - MOM6 0.25 degree
GFDL FMS Horiz Interp

PO4 - MOM4p1 1 degree
GFDL FMS Horiz Interp

PO4 - MOM4p1 1 degree
Earth System Modeling Framework (ESMF)

(bilinear conservative)



Next Steps 

Include more biogeochemical fields 

When ESM4 is ready:
○ Regrid WOA nutrients to new 0.5 degree grid
○ Double-check variable names
○ Integrate Makefile into the workflow 

Scripts are GFDL specific but eventually should be generalized 
(i.e. other CMIP models)
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Differences between start and end of the historical run 



Phosphate Drift: 1861-1880 & 1981-2000 vs. WOA 



Phosphate Drift: 1861-1880 vs WOA



Phosphate Drift: 1981-2000 vs WOA





PO4 Climate change Scenario: 1981-2000 vs Control


