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WHAT ARE CASE 1 AND CASE 2 WATER S?

The classifi cation of ocean waters into “Case 1” and “Case 2” 

began with Morel and Prieur (1977). They wrote that 

…two extreme cases can be identifi ed and separated. Case 1 is 

that of a concentration of phytoplankton high compared to oth-

er particles…. In contrast, the inorganic particles are dominant 

in case 2.… In both cases dissolved yellow substance is present 

in variable amounts.… An ideal case 1 would be a pure culture 

of phytoplankton and an ideal case 2 a suspension of nonliving 

material with a zero concentration of pigments. 

Morel and Prieur emphasized that these ideal cases are not en-

countered in nature, and they suggested the use of high or low 

values of the ratio of pigment concentration to scattering coef-

fi cient as a basis for discriminating between Case 1 and Case 2 

waters. Although no specifi c values of this ratio were proposed 

to serve as criteria for classifi cation, their example data sug-

gested that the ratio of chlorophyll a concentration (in mg m-3) 

to the scattering coeffi cient at 550 nm (in m-1) in Case 1 waters 

is greater than 1 and in Case 2 waters is less than 1. Impor-

tantly, however, Morel and Prieur also showed data classifi ed as 

“intermediate waters” with the ratio between about 1 and 2.2.

Although the original defi nition from 1977 did not im-

ply a binary classifi cation, the practice of most in-

vestigators in the following years clearly evolved 

toward a bipartite analysis. Neither the origi-

nal criterion based on the ratio of pig-

ment concentration to scattering 

coeffi cient, nor any other 
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well-defi ned quantitative criterion, has been 

in common use, and the defi nitions of Case 

1 and Case 2 have evolved into the ones 

commonly used today (Gordon and Morel, 

1983; Morel, 1988):

• Case 1 waters are those waters whose op-

tical properties are determined primar-

ily by phytoplankton and related colored 

dissolved organic matter (CDOM) and 

detritus degradation products. 

• Case 2 waters are everything else, namely 

waters whose optical properties are sig-

nifi cantly infl uenced by other constitu-

ents such as mineral particles, CDOM, or 

microbubbles, whose concentrations do 

not covary with the phytoplankton con-

centration.

The origin of the optically relevant constitu-

ents in Case 1 water is biological activity in 

the water column. Smith and Baker (1978) 

introduced the concept of the “bio-optical 

state” of ocean waters to represent a measure 

of the effect of biological processes on ocean 

optical properties, and they indicated that 

the bio-optical state can be usefully related 

to the concentration of chlorophyll a in wa-

ter. Since then the chlorophyll concentration 

has been generally used as the proxy for phy-

toplankton and related water constituents 

in bio-optical models of Case 1 waters (e.g., 

Morel, 1988). Various non-biological pro-

cesses often generate Case 2 waters. Mineral 

particles can enter the water column from 

terrestrial runoff or erosion in coastal areas, 

aeolian transport of dust, or sediment re-

suspension by currents or dredging. Living 

phytoplankton can also generate mineral 

particles, such as the calcite coccoliths shed 

by coccolithophores. CDOM that is unrelat-

ed to biological activity in the water column 

can come from terrestrial runoff or benthic 

inputs from seagrass and corals. Air bubbles 

are injected into surface waters by breaking 

waves. Anthropogenic inputs such as pollut-

ants or oil spills can cause Case 2 water in 

localized areas.

The Case 1 and 2 scheme is commonly 

used as a way to classify waters for model-

ing purposes. Thus bio-optical models have 

been developed for the prediction of inher-

ent optical properties (IOPs, namely the 

absorption, scattering, and backscattering 

coeffi cients) in Case 1 waters. These models 

use the chlorophyll concentration as the in-

put parameter needed to predict the IOPs of 

the water column. Other chlorophyll-based 

models have been developed for apparent 

optical properties (AOPs), namely refl ec-

tances (various ratios of upwelling to down-

welling light) and diffuse attenuation func-

tions (normalized depth derivatives, which 

show how the light changes with depth). 

Recent versions of such models for Case 

1 waters are reviewed in Morel and Mari-

torena (2001). Regardless of whether IOPs 

or AOPs are involved, the chlorophyll-based 

bio-optical models are often used to estimate 

chlorophyll concentrations from optical 

measurements, for example, from satellite 

measurements of ocean color.

PROBLEMS WITH THE CASE 1 VS . 

CASE 2 CLASSIFICATION

In the late 1970s and early 1980s the ideal-

ized concept of Case 1 water provided use-

ful guidance for the development of the fi rst 

generation of bio-optical models. In fact 

without the simple Case 1 idea that it is pos-

sible to estimate chlorophyll from optical 

measurements, we might not have had ocean 

color satellites and the associated scientifi c 

progress. Hence, the classifi cation scheme 

rendered a huge service to the bio-optical 

oceanography and ocean color remote-sens-

ing communities. However, the continued 

use of Case 1 and Case 2 today is no longer 

helping us solve the remaining scientifi c 

problems. In truth, this classifi cation scheme 

may bring ambiguity, confusion, misuse, 

or an excuse for poor performance of algo-

rithms. (Of course, any algorithm may fail in 

a particular application due to natural vari-

ability in optical properties and that failure 

is unrelated to how the optical properties are 

classifi ed.)

There are many problems with the Case 

1–Case 2 classifi cation scheme. As noted by 

Morel and Prieur (1977) in their seminal 

paper, there is no sharp dividing line be-

tween Case 1 and 2 waters. Open-ocean wa-

ters dominated by phytoplankton are usually 

regarded as the archetypical example of Case 

1 waters, but even there the CDOM concen-

tration does not covary with the instanta-

neous chlorophyll concentration (Bricaud et 

al., 1981) because the CDOM concentration 

is infl uenced by past phytoplankton concen-

trations and photobleaching. Gordon et al. 

(1988) discussed the problem of coccolith 

concentrations causing very high scattering 

coeffi cients that do not covary with pigment 

concentrations; see also Balch et al. (2004). 

Phytoplankton pigments, as measured by 
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Figure 1. How light propagates in the ocean is determined by the 

absorption and scattering coeffi  cients, which themselves depend 

on the particles and dissolved substances in the water. Shown here 

are the total (water + particles + dissolved material) absorption co-

effi  cients a as measured over the course of a tidal cycle in shallow 

Bahamian waters (violet to green curves), and the corresponding a 

as predicted by a model for Case 1 waters (red line) with the same 

chlorophyll concentration of 0.2 mg Chl m-3. Th e high absorption 

at blue wavelengths is due to CDOM, whose concentration varies 

with the tidal cycle. 

chlorophyll concentration and commonly 

used as the basis for bio-optical models for 

Case 1 water, are a rather poor proxy for 

overall organic biomass or carbon biomass. 

The chlorophyll-to-carbon ratio for phy-

toplankton varies by a factor of fi ve owing 

to light and nutrient history (which causes 

variability in pigment suites and pigment 

packaging) and geographic region and sea-

son (with associated variability in species 

composition). In addition, the ratio of chlo-

rophyll to carbon biomass is also affected by 

the presence of organisms other than phy-

toplankton. Nor is there an unambiguous 

value that should be used for the chlorophyll 

concentration in bio-optical models. If the 

model is predicting an IOP as a function of 

depth, then the local chlorophyll concentra-

tion at each depth would be appropriate. 

But if the model is predicting refl ectance or 

diffuse attenuation, which incorporate light 

that has penetrated the upper part of the wa-

ter column, then an appropriately weighted 

depth-averaged chlorophyll values may be 

more adequate. 

It may not come as a surprise that even 

within the Case 1 classifi cation, there is a 

factor-of-two (and sometimes much greater) 

variability in the values of optical properties 

for a given chlorophyll value. A good cor-

relation between chlorophyll and an optical 

property on a global average does not imply 

good predictability in a particular situa-

tion. A squared correlation coeffi cient of r2 

= 0.9 does not mean that we can predict the 

chlorophyll concentration to better than a 

factor of two, because the r2 value is strongly 

infl uenced by the large dynamic range of 

the chlorophyll concentration. Even after 

decades of research, understanding and 

predicting the optical properties of Case 1 

waters is still a work in progress (Loisel and 

Morel, 1998; Morel et al., 2002; Maritorena 

et al., 2004).

The defi nitions of Case 1 and Case 2 

were originally developed for optically deep 

waters. If we consider only the IOPs of the 

water itself, then the bottom is irrelevant 

in saying whether the water is Case 1 or 2. 

However, if the bottom is shallow, bottom-

refl ected light can be a very signifi cant part 

of the total light fi eld within and leaving a 

water body. Thus one can have a situation in 

which Case 1 bio-optical models adequately 

predict the IOPs, but Case 1 models for 

refl ectance fail completely because of the 

contribution of bottom-refl ected light. So 

in that sense, all optically shallow waters are 

Case 2, even if the water IOPs themselves are 

Case 1.

Nonabsorbing microbubbles or quartz 

particles can quickly cause a Case 1 model 

for scattering to fail, even though a Case 1 

model for absorption continues to perform 

well. Is the water then Case 1 or Case 2? 

Such a contradictory situation is not just of 

academic interest. Figure 1 shows the ab-

sorption coeffi cients a as measured over the 

course of a tidal cycle near Lee Stocking Is-

land, Bahamas (these total IOPs include the 

contributions by water itself). This area has 

deep open ocean to the northeast and shal-

low (less than 10 m) shoals to the west and 

south (see Figure 1 in Boss and Zaneveld, 

2003). The fl ood tide brings in open-ocean 

water, which has chlorophyll concentra-

tions near 0.2 mg Chl m-3. The red curve in 

Figure 1 shows a as predicted by a standard 

bio-optical model for Case 1 IOPs. The total 

absorption at high tide is very close to that 

for Case 1 water at wavelengths of 470 nm 

and greater. Below 470 nm there is some ad-

ditional absorption in the blue. The ebb tide 

drains the extensive shallow areas, which are 

covered by sea grass beds, corals, and ooid 

sands. These benthic biota are a source of 

CDOM that is unrelated to the phytoplank-

ton in the water (Boss and Zaneveld, 2003). 

The ebb tide thus carries CDOM-rich wa-

ter, which greatly increases the absorption 

at blue wavelengths. Because of the benthic 

CDOM, the absorption coeffi cient varies by 

over a factor of three during a tidal cycle, 

with the highest CDOM concentration and 

absorption occurring at low tide.

Figure 2 shows the corresponding scatter-

ing coeffi cients b. The scattering coeffi cient 

is only about 30 percent larger at low tide 
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of the Case 1–Case 2 classifi cation is associ-

ated with strong spectral variations in the 

contribution of phytoplankton and other 

water constituents to any given optical prop-

erty. For a given constituent, the spectral 

patterns of these contributions are not the 

same for different optical properties. Thus 

in some water body, the absorption coef-

fi cient might be classifi ed as Case 1 near 

the red peak of chlorophyll but as Case 2 in 

the blue or violet-UV part of the spectrum 

because of the signifi cant effect of CDOM 

on short-wavelength absorption. We see an 

example of this in the high-tide data of Fig-

ure 1, where the absorption is well modeled 

as Case 1 above 470 nm, but is Case 2 below 

470 nm.

There are also issues of rapid temporal 

fl uctuations between Case 1 and Case 2. A 

breaking wave can inject bubbles that make 

the scattering Case 2. However, the bubbles 

dissipate within a few seconds, and the scat-

tering is again Case 1. Then a few seconds 

later another wave breaks, and the scattering 

is again Case 2. 

We are unable to formulate well-defi ned 

and scientifi cally justifi ed quantitative cri-

teria for unambiguously classifying a water 

body or optical property as either Case 1 or 

Case 2. Redefi nition of Case 1 and Case 2 is 

the wrong path to follow. We therefore sug-

gest that it is time simply to drop the Case 

1–Case 2 classifi cation and focus on modeling 

water bodies according to whatever constitu-

ents are in the water column and whatever the 

bottom boundary is.

THE FUTURE OF OPTICAL 

MODELING

If we are to progress beyond the oversim-

plifi cation of modeling optical properties 

in terms of bulk parameters such as chlo-

rophyll concentration, then we must view 

water as a complex mix of particles and dis-

Figure 2. Dissolved CDOM does not 

appreciably scatter light. Th erefore the 

tidally dependent CDOM concentra-

tion does not aff ect the scattering coef-

fi cient b as it does the absorption coef-

fi cient. Th e total scattering coeffi  cients 

shown here, which correspond to the 

absorption coeffi  cients of Figure 1, are 

determined by suspended particles. Th e 

scattering coeffi  cients show much less 

variability over a tidal cycle, and they 

are close to the values predicted by a 

bio-optical model for Case 1 water.

than at high tide, indicating that the ebb 

and fl ood of the tide has a smaller effect on 

the particulate load in the water than on the 

CDOM concentration. The scattering coef-

fi cient is close to that predicted by a Case 1 

model throughout the tidal cycle. This im-

plies that most of the scattering in the water 

column covaries with the phytoplankton 

concentration. Thus we see that in this par-

ticular water body, the absorption coeffi cient 

is strongly coupled to the tidal cycle and is 

much greater than for Case 1 water with the 

same chlorophyll concentration. The scatter-

ing coeffi cient, on the other hand, is much 

less variable, is weakly coupled to the tides, 

and is close to what would be expected in 

Case 1 water. The Case 1-Case 2 classifi cation 

is of little value in describing this water body.

Given the human tendency to oversim-

plify and the attraction of an “either-or” 

classifi cation, plus the weight of historical 

precedence, the Case 1 vs. 2 scheme still sur-

vives. Indeed, it is tempting to propose new 

defi nitions, which might allow us to retain 

the convenience of a binary classifi cation 

while at the same time classify shallow wa-

ters or waters where a constituent (such as 

bubbles or terrigenous CDOM) infl uences 

absorption and scattering in different ways. 

Thus we might redefi ne Case 1 and 2 as fol-

lows: An optical quantity is Case 1 if it can 

be adequately predicted from the water-col-

umn chlorophyll concentration; an optical 

quantity is Case 2 if it cannot be adequately 

predicted from the water-column chloro-

phyll concentration.

These straw-man defi nitions shift the 

determining quantity from being the wa-

ter column to being the optical quantity of 

interest. This would allow an optically shal-

low water body to be modeled with Case 1 

bio-optical models for the absorption and 

scattering coeffi cients while simultaneously 

using a Case 2 model for its refl ectance. We 

could even use a Case 2 model for absorp-

tion and a Case 1 model for scattering, as 

would be appropriate for the data of Figures 

1 and 2. However, these defi nitions suffer 

from many of the same problems as the clas-

sic defi nitions. What is the proper value of 

the chlorophyll concentration? How accurate 

is “adequate” prediction? If we decide that 

30 percent accuracy for the absorption coef-

fi cient is acceptable, then a model that gives 

a 29 percent error would say that the water 

(or optical quantity) is Case 1, but a model 

that gives 31 percent error would say that it 

failed because the water (or optical quantity) 

was Case 2. 

One important reason for the ambiguity 
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solved substances that produce optical vari-

ability over a continuum of values covering 

a broad range. We need to understand the 

optical properties of the myriad possible 

constituents of oceanic waters in terms of 

their individual characteristics. This requires 

understanding the complexities of how the 

same species of phytoplankton develop dif-

ferent optical properties according to their 

light and nutrient history; how different spe-

cies of phytoplankton have much different 

optical properties even though they have the 

same chlorophyll concentration in a given 

water body; and how different mineral types 

or mixed assemblages of mineral types inter-

act with light. Thus we have to account for 

optically important particle characteristics 

such as composition (particle type), internal 

structure, size distribution, and concentra-

tion. The fact that such complete informa-

tion is seldom available today should not 

deter us from charting the proper course for 

future research; it should be an incentive for 

acquiring the needed information.

Work along these lines has been under-

way for some time. The optical properties of 

different plankton species are under study 

(e.g., Stramski and Mobley, 1997; Mobley 

and Stramski, 1997; Stramski et al., 2001). 

Recent work by Babin et al. (2003), Babin 

and Stramski (2004), and Stramski et al. 

(2004) represent the type of research needed 

to quantify the optical properties of mineral 

particles. Coupled physical-biological-op-

tical models are now under development 

in which the components are modeled by 

various functional groups (Prochlorococcus, 

Synechococcus, large diatoms, small diatoms, 

detritus, etc.; Bissett et al., 1999a, 1999b), 

and each functional group is modeled with 

different particle absorption and scattering 

properties.

Regardless of whether we retain the tra-

ditional Case 1 – Case 2 defi nitions or view 

water as a complex mix of particles and dis-

solved substances, mineral particles from 

terrigenous runoff or sediment resuspension 

are a common cause for the failure of (tradi-

tional Case 1) bio-optical models. Figure 3 

shows an example of the large effect that 

resuspended sediments can have on the 

remote-sensing refl ectance Rrs as seen in a 

satellite image from SeaWiFS sensor. The left 

panel shows the SeaWiFS Rrs at 443 nm for 

the West Florida Shelf on June 8, 1998, when 

the water was generally Case 1. The right 

panel is the same scene on November 8, 

1998, after Tropical Storm Mitch passed over 

Florida. The high refl ectance (red area) at 

the right of the fi gure is believed to be due to 

increased scattering by storm-resuspended 

sediments in these shallow waters.

Mineral particles have absorption and 

scattering properties that are much different 

than those of phytoplankton. Thus there are 

signifi cant differences in the water optical 

properties when mineral particle concen-

trations are high. Figure 4 shows example 

mass-specifi c absorption spectra for miner-

als, compared with a typical chlorophyll-

specifi c spectrum for phytoplankton. As 

seen there, mineral particles are often highly 

absorbing in the blue and do not display the 

chlorophyll absorption bands seen in phy-

toplankton. Figure 5 shows the correspond-

ing mass-specifi c scattering spectra. As with 

absorption, mineral scattering can be much 

different than phytoplankton scattering. 

Continued progress in ocean color sci-

ence requires the ability to understand both 

the IOPs and the water-leaving radiance or 

remote-sensing refl ectance for any water 

body (Bissett et al., 2002). Figure 6 shows 

the remote-sensing refl ectance Rrs as pre-

dicted by Hydrolight (a radiative transfer 

numerical model) using the IOPs of Figures 

1 and 2 (more information on Hydrolight 

Figure 3. Th is satellite image shows the 

optical consequence of resuspended 

sediments on remote-sensing refl ec-

tance. Th e left panel shows the SeaWiFS 

Rrs at 443 nm for the West Florida Shelf 

on June 8, 1998, when the water was 

generally Case 1. Land and clouds are 

black; the southern tip of Florida is at the 

upper right. Th e right panel is the same 

scene on November 8, 1998, after Tropi-

cal Storm Mitch passed over Florida. Th e 

high refl ectance (red area) at the right of 

the fi gure is believed to be due to in-

creased scattering by storm-resuspended 

sediments in these shallow waters.
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is available at Sequoia Scientifi c, Inc.’s web 

site: www.hydrolight.info). The bottom was 

taken to be a biofi lm-covered ooid sand at 5 

m depth, typical of the area where the IOPs 

were measured. The sun was at 45 degrees 

in a clear sky whose atmospheric conditions 

were typical of those in the Bahamas. We see 

that Rrs is strongly coupled with the tide and 

is less than would be expected using a model 

for Case 1 water with the same chlorophyll 

concentration and bottom and sky condi-

tions. At low tide, Rrs (400 nm) is only one-

fourth of what would be expected for Case 

1 water. Because of the bottom refl ectance, 

these Rrs spectra are much greater than the 

corresponding spectra for optically deep wa-

ter; the lowest curve shows Rrs for the Case 1 

IOPs and an infi nite bottom depth. As illus-

trated here, forward numerical models such 

as Hydrolight or Monte Carlo codes can 

simulate any water body without diffi culty, 

given the needed input information on the 

IOPs and bottom refl ectance. The diffi culty 

lies in knowing the constituent types, con-

centrations, and mass-specifi c IOPs, and the 

bottom refl ectance in shallow water. 

The situation is much more diffi cult 

for inverse modeling, i.e., for extracting 

environmental information from optical 

measurements made in mineral-laden or 

optically shallow waters. Empirical models 

for the explicit inversion of Rrs to get the 

chlorophyll concentration or other envi-

ronmental information are often designed 

and tuned for deep Case 1 waters (e.g., the 

SeaWiFS chlorophyll algorithms; O’Reilly et 

al., 1998) and fail in shallow waters or waters 

with high CDOM or mineral concentrations. 

Semianalytical models based on radiative 

transfer theory (Maritorena, et al., 2002) can 

be applied to a wider range of environments. 

Other methodologies including derivative 

analysis (Andréfouët et al., 2003; Louchard 

et al., 2003a), neural networks (Sandidge 

and Holyer, 1998), and spectrum matching 

(Louchard et al., 2003b; Mobley et al., 2004) 

have been used for the analysis of remotely-

sensed data in mineral-laden or optically 

shallow waters (see also Philpot et al., 2004). 

These methodologies often require hyper-

spectral data to separate water-column and 

bottom features (Lee and Carder, 2002).

If coupled physical-biological-optical eco-

system models are to account for the optical 

effects of resuspended sediments, for exam-

ple, then physical circulation models must 

include the ability to predict sediment resus-

pension. Likewise, if ecosystem models are 

to include the effects of terrigenous inputs, 

then coastal-ocean circulation models must 

be coupled to hydrography models capable 

of predicting the CDOM and mineral runoff 

from adjacent land areas. The development 

of such coupled models is an exciting task 

for the next few years and abandoning the 

artifi cial distinction between Case 1 and 2 

waters will hasten their development.
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Figure 5. Shown here are the mass-specifi c scattering coeffi  cients for mineral 

particles from Ahn (1990); the chlorophyll-specifi c scattering coeffi  cient for 

particles from the model of Loisel and Morel (1998) for near-surface Case 1 

waters, and the average chlorophyll-specifi c scattering coeffi  cient of 16 phyto-

plankton species based on experimental data of Stramski et al. (2001).

Figure 4. Mineral particles have absorption and scattering properties much diff erent than 

those of living phytoplankton. Shown here are example specifi c absorption coeffi  cients (ab-

sorption per unit mass concentration of minerals or chlorophyll) for mineral particles and 

for chlorophyll-bearing phytoplankton. Th ese values, when multiplied by the mineral or 

chlorophyll concentration, give the absorption coeffi  cient. Th e mineral spectra are from Ahn 

(1990); the phytoplankton spectrum is based on Prieur and Sathyendranath (1981).
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Figure 6. Th is fi gure illustrates both water-column and bottom eff ects on the remote-

sensing refl ectance Rrs. Here Rrs was computed by Hydrolight using the absorption and 

scattering coeffi  cients of Figure 1 and 2 and a biofi lmed sand bottom at 5 m depth 

(colored curves). Th e lowest curve is for the same Case 1 IOPs as the red curve, but for 

an infi nitely deep water column. Th e curves for the 5 m bottom are much larger than 

for the infi nitely deep case because of bottom refl ectance. Th e variability in the shallow-

bottom curves is due primarily to the variation in the CDOM concentration over the 

tidal cycle and the associated variation in the absorption coeffi  cients as seen in Figure 1.
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