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This is a well-written manuscript, dealing with the geothermal interpretation of eight
new boreholes in the Sahel zone in western Africa. This includes both, the estima-
tion of heat flow densities, as well as the reconstruction of recent surface temperature
changes (back to the 18th century). The new data published in this article are located
in a region where only very few measurements are available, and thus make it valuable
in its own right. The inversion method large represents the state of the art, introducing
some interesting ideas about the inclusion of local hydro-geological conditions. The de-
scription and discussion of the approach, however, should be enlarged to include some
important aspects necessary to judge the results. Altogether this is an interesting and
useful paper, but can be published only with major revisions.
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General comments

I think, this article could be improved in several aspects:

1. The borehole measurements are very shallow (< 250 m). However, there is a
paleoclimatic effect of earlier temperature changes (mainly related to the last
glacial-interglacial temperature rise) even at these depths (see, e.g., Rath et al.,
2012). I’m not acquainted with African paleotemperatures, but if this can be ne-
glected (see, e.g., Clark et al., 2012), it should be mentioned, and if not, the pos-
sible effect should be estimated. At these shallow depths this fortunately mainly
concerns the estimate of the local basal heat flow, and thus does not influence
the conclusions about the ground surface temperature histories. There might be
an influence on the heat flow estimates.

2. I think there is some important information missing regarding the inversion proce-
dure. Even if known to many, a few lines of theory might be helpful to the reader.
In particular:

• How is the ground surface temperature history parametrized - constant time
steps or logarithmically decreasing? Can a change in parametrization re-
duce or even eliminate the mentioned inversion artifacts (Figure 4)?

• Explain the cutoff f : is this referred to raw or normalized singular values?
How is this value chosen?

• What about the uncertainties?

• Which MC procedure is used, e.g., how many samples, and which prior
distributions were assumed?

3. The treatment of the effects of fluid flow is very interesting,and critical to the
estimates of past ground temperature changes. If flow is included, you need a
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conceptual model for the system. A sketch might help the understanding. You
included the additional assumptions on the influx temperature (set to Ts), and its
vertical extension (20 m to 20 m). This seems to me reasonable to me. Though
there are of course a lot of equivalencies involved, it might be interesting to in-
clude the influx temperature independently into the MC procedure. Some addi-
tional questions:

• In Table 2 you show the vertical velocities between 30 m and 50 m depth.
What is assumed below 50 m? Is Vz the same? If not, where does the water
come from or go to?

• Where do the estimates for horizontal flow come from in the cases where
data above 30 m were not available(Table 2)?

• How can you differentiate between positive and negative values for the hor-
izontal velocity?

• Are there any estimate estimates of porosity or permeability available?

Particular comments

• Equation 2 and Figure 2: From my understanding the common RMS should have
the 1

n term below the square root. However in inverse literature some other mea-
sures of deviation are used (Aster et al., 2005), sometimes under the same name.
Depending on what you can assume on the structure of your observation errors,
the choice of the RMS may be reasonable for the misfit measure.

• Figure 4: The inverse procedure parametrizes the ground surface temperature
history as a series of step functions. I think it should be shown in this form,
and not as a smooth curve. This would also make the character of the inversion
artifact clearer.
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