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MODEL DESCRIPTION

• Earth System Model of Intermediate Complexity (MIT-IGSM)
• Three-dimensional ocean (MITgcm), 2x2.5deg resolution
• Ecosystem-biogeochemical model (Dutkiewicz et al, 2015) with  

C,N,P,Fe, Si cycling, 7 phytoplankton functional types, 2 grazers
• Three stream radiative transfer model (down direct, down diffuse, 

upwelling) with irradiance 
in25nm wavebands based 
on OASIM (Gregg 
and Casey, 2009)

• Explicit absorption and scattering by water molecules,
NAP, CDOM, 9 different phytoplankton type

• Model output includes surface reflectance (similar to seen by a 
satellite)

• Model resolves Chl-a for each phytoplankton as “state-variables”; we 
call this actual model Chl “in situ” here. However, reflectance can be 
used to derive a Chl-a product similar to that provided by satellite, 
here we use a OC4-like approach:

• Model simulates a “business as usual” emissions scenarios to 
the year 2100. The oceans 
become warmer, more 
stratified (reducing nutrient
supply, and altering light
environment).
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Trend over 21st Century (%/year) relative to 1998-2013 mean (only regions with statistically significant trend are shown) 
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73% ocean has significant trend by 2100

50% negative trend, 23% positive trend
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50% ocean has significant trend by 2100

33% negative trend, 17% positive trend
53% ocean has significant trend by 2100

37% negative trend, 16% positive trend
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TAKE HOME
• Reflectance has stronger signal of climate change than many other 

ecosystem metrics (e.g. Chl), because it integrates many ecosystem 
changes (e.g. CDOM, phytoplankton community changes etc)
more regions have significant trend, time of emergence occurs earlier

• Reflectance from 475-525nm have strongest signal
model captures decrease in variability in these wavebands (also seen in 
OC-CCI product)

• OC4 algorithm developed for current day may not work later in century
Chl derived from OC4-like algorithm diverges from in situ Chl over time
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Time of Emergence (years from 1995) using Keller et al (2014) formulation: 𝑇𝑜𝐸 =
2∗𝑆𝑇𝐷

𝑙𝑖𝑛𝑒𝑎𝑟 𝑡𝑟𝑒𝑛𝑑
(only regions with statistically significant trend are shown)
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