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1. Introduction 

Zeng et al. ( 1990, henceforth denoted ZPE) 
found chaotic behavior in daisyworld (Watson 
and Lovelock, 1983, henceforth denoted WL ), a 
simple nonlinear model of an idealized world con­
taining only species of daisies of various albedos. 
The planetary albedo depends on the coverage 
of each type of daisy, and the daisies have 
temperature-dependent growth rates, enabling 
feedback between the environment (temperature) 
and the biota (daisies). 

The chaos obtained by ZPE results from using a 
discrete model and does not occur in the differen­
tial model conceived by WL. However, ZPE are 
unclear about the connection between the differen­
tial and discrete systems, misattribute their chaos 
to the coupling between biota and temperature, 
and fail to mention the unphysical behavior their 
model produces for some initial conditions. 
Further, we have discovered that long-term means 
of the chaotic states obtained by ZPE are close to 
the equilibrium solutions of the WL differential 
system and have small variance, stabilizing 
daisyworld against external forcing. The purpose 
of this letter is to elucidate these issues. Notation is 
as in ZPE unless otherwise defined. 

2. Relationship between differential and 
discrete daisyworlds 

Differential and discrete daisyworld systems are 
mathematically and physically distinct systems 
and should not be confused with each other. This 
is obscured in ZPE by using derivative notation in 
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their difference equation (9), by calling both their 
system and the WL system by the same name and 
even stating, "The governing equations used in 
[ZPE] are the same as in [WL]", and by not 
including the time step in their analysis. 

The physical relationship between the discrete 
and differential systems is in the lag of the forcing 
function, which we shall call the feedback. This 
feedback consists of a parabolic dependence on 
population density and a temperature dependence. 
In WL, both feedback factors operate instan­
taneously. In ZPE, both the population and tem­
perature dependences are assumed to be delayed by 
one generation. The role of the temperature feed­
back will be examined in more detail in Section 3. 
Whether it is physically reasonable to delay the 
population feedback, which is used to simulate 
such things as competition for resources, is uncer­
tain. When the delay causes the equilibrium condi­
tion to be unstable, the population swings from 
one generation to another can be extreme and in 
some cases result in negative values for the 
population, clearly an unphysical result. Negative 
populations result for 48 % of the physically 
possible initial conditions (a 1 , a 2 > 0, a 1 + a 2 < p) 
for the parameter values generating the chaos 
depicted in Fig. 7 of ZP E. (The other 52 % , except 
for a set of measure zero, are in the basin of the 
chaotic attractor.) 

The mathematical link between the discrete and 
differential systems is through the time step, or 
generation time as it is interpreted in ZPE. The dif­
ferential system is continuous, thus a trajectory in 
phase (a 1 , a2 , etc.) space cannot cross another, 
forever bounded by its neighboring trajectories. 
Since zero amounts of any species are invariant 








