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Clouds in GCMs:

What are the problems ?

Many of the observed clouds and especially the processes 

within them are of subgrid-scale size (both horizontally and 

vertically)

GCM Grid cell 16-400km
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Parameterization

VERTICAL COVERAGE

Most models assume that this is 1

This can be a poor assumption with coarse vertical grids.

Many climate models still use fewer than 30 vertical levels.
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HORIZONTAL COVERAGE, a
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Vertical Overlap of cloud

Important for Radiation and Microphysics Interaction

x

z



6

~
5

0
0

m

~100km

Macroscale Issues of 

Parameterization

In-cloud inhomogeneity 

in terms of cloud particle size and number
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Just these issues can become very complex!!!
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Cloud Cover: Why Important?

In addition to the influence on radiation, the cloud cover is 

important for the representation of microphysics

Imagine a cloud with a liquid condensate mass ql

The in-cloud mass mixing ratio is ql/a
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qv = water vapour mixing ratio

qc = cloud water (liquid/ice) mixing ratio

qs = saturation mixing ratio = F(T,p)

qt  = total water (vapour+cloud) mixing ratio

RH = relative humidity = qv / qs

1. Local criterion for formation of cloud: qt > qs

This assumes that no supersaturation can exist

2. Condensation process is fast (cf. GCM timestep)

qv = qs qc= qt ïqs

!!Both of these assumptions are suspect in ice clouds!!

First: Some assumptions!
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Partial coverage of a grid-box with clouds is only possible 
if there is an inhomogeneous distribution of temperature 

and/or humidity.

Homogeneous 

Distribution of water 

vapour and temperature:
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relative 

humidity=1 

from our 

assumptions

Partial cloud cover



11

Another implication of the above is that clouds must exist 

before the grid-mean relative humidity reaches 1.
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Heterogeneous Distribution of T and q
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Heterogeneous Distribution of q only

ÅThe interpretation does not change much if we only consider humidity 

variability

ÅThroughout this talk I will neglect temperature variability

ÅAnalysis of observations and model data indicates humidity fluctuations 

are more important most of the time.
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Take a grid cell with a certain (fixed) 

distribution of total water.

At low mean RH, the cloud cover is 

zero, since even the moistest part of 

the grid cell is subsaturated
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Simple Diagnostic Cloud Schemes:
Relative Humidity Schemes
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Add water vapour to the gridcell, 

the moistest part of the cell 

become saturated and cloud 

forms. The cloud cover is low.
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Simple Diagnostic Cloud Schemes:
Relative Humidity Schemes
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Further increases in RH 

increase the cloud cover
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Simple Diagnostic Cloud Schemes:
Relative Humidity Schemes
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The grid cell becomes 

overcast when RH=100%,

due to lack of supersaturation
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Simple Diagnostic Cloud Schemes:
Relative Humidity Schemes
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Diagnostic Relative Humidity Schemes

ÅMany schemes, from the 1970s 

onwards, based cloud cover on 

the relative humidity (RH)

Åe.g. Sundqvist et al. MWR 1989:

critRH

RHC
1
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RHcrit = critical relative humidity at which 

cloud assumed to form

(=function of height, typical value is 60-80%)
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ÅSince these schemes form cloud when RH<100%, 

they implicitly assume subgrid-scale variability for 

total water, qt, (and/or temperature, T).

ÅHowever, the actual PDF (the shape) for these 

quantities and their variance (width) are often not 

known.

ÅñGiven a RH of X% in nature, the mean distribution 

of qt is such that, on average, we expect a cloud 

cover of Y%ò.

Diagnostic Relative Humidity Schemes
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ÅAdvantages:

ïBetter than homogeneous assumption, since 

clouds can form before grids reach saturation.

ÅDisadvantages:

ïCloud cover not well coupled to other processes.

ïIn reality, different cloud types with different 

coverage can exist with same relative humidity. 

This can not be represented

ÅCan we do better?

Diagnostic Relative Humidity Schemes
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ÅCould add further predictors

ÅE.g: Xu and Randall (1996) 

sampled cloud scenes from a 2D 

cloud resolving model to derive an 

empirical relationship with two 

predictors:

),(
c

qRHFC

ÅMore predictors, more degrees of freedom = flexible 

ÅBut still do not know the form of the PDF (is model valid? 

representative for all situations?)

ÅCan we do better?

Diagnostic Relative Humidity Schemes
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Diagnostic Relative Humidity Schemes

ÅAnother example is the scheme of Slingo, operational at 

ECMWF until 1995.

ÅThis scheme also adds dependence on vertical velocities

Åuse different empirical relations for different cloud types, e.g., 

middle level clouds:
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Statistical Schemes

ÅThese explicitly specify 

the probability density 

function (PDF) for the 

total water qt (and 

sometimes also 

temperature)
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Statistical Schemes

ÅOthers form variable ósô that also takes temperature 

variability into account, which affects qs
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Statistical Schemes

ÅKnowing the PDF has 
advantages:

ïMore accurate 
calculation of radiative 
fluxes

ïUnbiased calculation of 
microphysical 
processes

ÅHowever, location of 
clouds within gridcell 
unknown
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Building a statistical cloud scheme

ÅTwo tasks: Specification of the:

(1) PDF shape 

(2) PDF moments

ÅShape: Unimodal? bimodal? How many parameters?

ÅMoments: How do we determine variance/skewness?
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ÅLack of observations to determine qt PDF

ïAircraft data 
Ålimited coverage

ïTethered balloon
Åboundary layer

ïSatellite
Ådifficulties resolving in vertical

Åno qt observations

Åpoor horizontal resolution

ïRaman Lidar
Åone location

ÅCloud Resolving models have also been used
Årealism of microphysical parameterisation?

Modis image from NASA website

Building a statistical cloud scheme
TASK 1: Specification of PDF shape
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PDFs

Wood and Field 

JAS 2000

Aircraft 

observations low 

clouds < 2km

Heymsfield and 

McFarquhar

JAS 96

Aircraft IWC obs

during CEPEX
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PDF of water vapour and RH from 

Raman Lidar

From Franz Berger


