
STAT 525 Notes on the Weibull hazard and survreg in R

There are quite a few ways to parameterize a Weibull hazard function. If θ1 and θ2 are the scale
and shape parameters, respectively, then one may write

α0(t,θ) = θ1θ2t
θ2−1 or θθ2

1 θ2t
θ2−1 or θ1t

θ2−1

or probably several other things. In class on Monday April 18, I used θ1θ2t
θ2−1, which is used

in Klein and Moeschberger, though Aalen et al use θ1t
θ2−1 and many probability textbooks use

θθ2
1 θ2t

θ2−1.
Let us use the parameterization adopted by the rweibull function in R, which is different from

all of the above. If θ1 is the scale parameter and θ2 is the shape, then we shall assume

α0(t) = θ−θ2
1 θ2t

θ2−1. (1)

Integrating (1) results in a cumulative hazard function of A0(t,θ) = (t/θ1)
θ2 . If we then assume

that the relative risk has the form exp{β>z}, we obtain

A(t | z) = A0(t) exp{β>z} = (t/θ1)
θ2 exp{β>z}. (2)

Multiplying by −1 and exponentiating, this leads to a survival function of

S(t | z) = exp
{
−(t/θ1)

θ2 exp{β>z}
}

. (3)

Consider now a transformation of the event times. Most common is the log transform. If we let
X = log T , equation (3) leads directly to

Pθ,β(X ≥ x | z) = exp
{
−(ex/θ1)

θ2 exp[β>z]
}

= exp
{
− exp[−θ2 log θ1 + θ2x + β>z]

}
.

Next, consider the following comment, taken from the help file for the survreg function:

# survreg’s scale = 1/(rweibull shape)

# survreg’s intercept = log(rweibull scale)

So let µ and σ denote the intercept and scale of survreg. In addition, let us define γ as the
regression coefficients of survreg. The substitutions θ1 = eµ and θ2 = 1/σ and β = −γ/σ give

Pθ,β(X ≥ x | z) = exp
{
− exp

1

σ

[
x− µ− γ>z

]}
. (4)

One may now easily verify that (4) is equivalent to

X = log T = σW + µ + γ>z,

where W is a random variable satisfying P (W ≥ w) = exp{−ew} for all real-valued w. Such a
random variable is called a standard Gumbel, or extreme-value, random variable. (There is some
disagreement in the literature about whether W or −W is said to have a Gumbel distribution, but
this is not important.)

Here is one way of characterizing the Weibull distribution: First, notice that we obtained (2) by
assuming a proportional hazards representation, namely

α(t | z)

α0(t)
= exp{β>z}. (5)



It is not hard to check that this model also has a so-called accelerated failure-time representation:

S(t | z) = S0(t exp{−γ>z}) (6)

In (6), exp{γ>z} is called the acceleration factor because (6) arises if we assume that each event
time is drawn from the baseline distribution and then multiplied by exp{γ>z}. The Weibull is
the only continuous distribution with both a proportional hazard and an accelerated failure-time
representation. To see this, start with the hazard function derived from (6), namely

α(t | z) = exp{−γ>z}α0(t exp{−γ>z}),

then check that (5) is only possible if α0 has a Weibull form.


