Referee Comment

Salter Reply

The title vaguely describes the article contents. The information provided in the are
clearly not simulations, in the typically implied context of applying a mathematical
model, nor does it demonstrate in a scientific manner how the technique described in the
article might change cloud albedo.
The abstract does not provide much information related to the content of the article. It
also implies that the article contains information that "can be sufficient to reverse global
warming", which is not proven in the article. It is also not clear why it is necessary to
show changes to cloud albedo that are detectable "by eye" to show that the technique to
increase cloud albedo could work.
It is not clear how information given in Tables 1 and 2 are used in the context of the
paper. For the figures containing MODIS images it is not clear what is plotted. What did
you scaled between 0 and 255? The reflectance at some visible wavelength? Is there any
scientific justification that can be made for the manipulations applied to the MODIS
images. Can they be connected with results one would get from radiative transfer
calculations?
- It is not clear to me what is in Figure 5. Is it a plume within the image of Figure 4 and
what do the different colors represent?

I am simulating the results of a spraying experiment on clouds not running a climate
model. The effect of changes of CCN concentration on cloud albedo goes back to
Twomey. The hardware to change albedo is described in the reference Salter (2008) at
the end of paragraph 2.
I can include references to the previous papers which show this. It is necessary to do
something like this to persuade a non-technical decision-maker to authorize funding.

I can not understand how you applied the equation above Figure 8 to "enhance" the
reflectivity. Did you assume the the old and new CCN from Tables 1 and 2? Where did
you get the equation in Schwartz and Slingo? I found an similar equation, but it is not
what you have in your paper, and it is applicable to get the maximum change in
reflectance for a change in cloud droplet number.
- What do the colors of the lines in Figure 10 represent? Showing the transects are not a
good method to show this information, histograms are much more useful.

The text is relatively clear with some minor errors. As noted above the source of the sole
mathematical equation is not clear, nor is its application.
The conclusion is oddly written using "bullets" to highlight each point but it does
summarize some of the points the author tries to make in the text.

The information in tables 1 and 2 is used to calculate extra number of CCN at each pixel
the consequent change in reflectivity using the equation from Schwarz and Slingo given
on page 6. I can check with Rob Woods the wavelengths used for the images he sent me
but I believe that they are total reflected energy.

Figure 5 is explained in the caption and in the paragraph immediately above it and
shows how the initial concentration of 85/cm3 has been increased by the content of the
spray plumes at two distances down wind. The colours are not important but might help
to separate the curves near the crossings. Would the editor prefer both to be black?
I multiplied the value of each pixel by 1+ the change in reflectivity as calculated by the
change in CCN concentrations using the simplified equation from Schwarz and Slingo
repeated at the top of page 6. Only one table is used for each image. The sentence above
the equation is clear and well understood by everyone I have shown it to. It appears long
before there is any mention of table 2. Can the referee explain his lack of understanding
more clearly?
The colours here do make it easier to see where the two, nearly congruent, curves
diverge but again having both black would be adequate. I disagree very strongly about
the use of a histogram. There are only 565 points along the x-axis of the image and 256
possible pixel values. The bin contents of the histogram would tell you how many pixels
shared any brightness. This would destroy the information about how similar the
transects would be and lose all spatial information. Histograms of brightness and actual
brightness from two traverses 10 pixels apart are shown below this table.
The source is Schwarz and Slingo (1996) as indicated in the references. I can repeat the
(1996) by the equation unless the editor can suggest a way to make this even more
obviously a reference.
Would the editor like me to remove the bullets?

This paper has very little scientific merit, although taking the paper as a whole, and some
of the comments in the paper, a rigorous explanation of the science may not be the main
interest. It seems that the main interest is trying to generate a way to visualize how
humans might be able to affect cloud albedo via the Twomey effect. However, I would
contend that the author has not done this in a convincing manner.
This paper provides little scientific content. In particular, I can see no reason why the
author does not use actual radiative transfer calculations, even simple, back of the
envelope calculations, to solidify the points that are trying to be made in sections 2 and 3.
It is possible to obtain most of the fields from MODIS to perform forward radiative
transfer calculations. There are several papers in the literature that have done exactly this.
The author also could have used cloud fields simulated by higher resolution numerical
models since there were several involved with the VOCALS campaign.
Most of the scientific argument is made through seemingly random adjustments to
MODIS images in the program MathCAD, which makes the information content in
Figures 5 to 16 near zero. In turn, most of the discussion centred around these figures
lack scientific grounding.
"The central IPCC figure for excess solar input from anthropogenic emissions since preindustrial times is about 1.6 watts/m2, only 0.47 % of the input.", which is rather
confusing. However, it is difficult to track down the source for this statement since there
is no reference, i.e., which IPCC report was used to justify this statement.
There are other statements made within the article that require references. As for the
MODIS data there is no clear description of the measurement. I assume it is reflectivity at
some visible wavelength.
This paper in it current form is not appropriate for ERL and would require not only major
rewriting but also extensive calculations to make it suitable for publication in ERL. This
would effectively mean that a new paper would need to be submitted to ERL.
The demonstration of the Twomey effect using satellite data is not new. The potentially
new work might have been the effect of the injection system on albedo but, as noted
above, the method to describe it has very little scientific merit.
There seems to be some interest in geo-engineering techniques to mitigate anthropogenic
global warming with one approach being the attempt to increase the albedo of
stratocumulus clouds. Therefore this paper could have been of interest since it does try to
describe a technique to do this but as stated above it lacks scientific rigor to back up the
potential effectiveness of the technique.

I am trying to make people think about the problems of demonstrating the result of a
field experiment in a way that will make the results clear to a non-technical decision
maker.

I want to work with REAL cloud images not simulated ones because I think that these
will be much more convincing and I will not have to justify the inputs to the numerical
models. It would be difficult to make use of any higher resolution. I need to
superimpose a hundred, not several. Do the papers in the literature include the effects of
spray plumes?

The choices of conditions are not random. One is deliberately conservative while the
second is what I and several others think is reasonable. I can easily redo the images for
other conditions that the referee might suggest. The information that I wish to convey in
figures 5 to 16 is that you have to be quite clever to detect brightness changes caused by
albedo control but that adding data from about 100 images might work.
I have seen these numbers used in many places and thought that by now they were now
nearly as well accepted as the value for gravitational acceleration. They are given
without any reference in the recent Royal Society report. My original source was
Houghton, a former chairman of the IPCC but I have added a reference.
I will obtain this from Rob Wood but I think that the main point of the paper would not
be affected whatever the wave lengths used.
Why does it need more than the minimum sufficient number of calculations? What
information would these new ones provide ?
The editor will have to decide.
How did the satellite data analysts manage with no plumes?

The hardware to release the spray has been described in the Phil Trans Roy Soc paper
Salter (2008). All I am trying to do here is to show the potential problem of deciding if it
works so as to help with the planning of a field experiment.
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The top two graphs are histograms of two transects of one image separated by only 10 pixels. The bars show the number of pixels at each
brightness level. The lower graph of the two transects shows the differences more clearly because spatial information has not been lost.
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