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What’s the point of data collection? It shouldn’t be just playing
with numbers. One can collect reams of data about playing condi-
tions. On their own, the data aren’t useful. However, when consid-
ered in terms of how the current conditions compare to the desired
conditions, and with an understanding of what maintenance work
can be done to move the conditions closer to the desired ones, the
data become quite useful.

For more links, and the slides for the presentation, go to the
online handout at http://seminar.asianturfgrass.com/201503_

numbers.html.

Green speed

The green speed is measured with a stimpmeter. The standard
reporting units are feet and inches.1 The green speed2 can be ad- 1 In this report, and in the presentation,

I use decimal units. By that I mean
that if I write 9.5 feet, that is equivalent
to 9 feet 6 inches, there being 12 inches
in 1 foot. And 9.8 feet would be 9 feet
10 inches, and so on.

2 I use the words green speed recog-
nizing that what is really meant is
ball roll distance when released onto
the green with a fixed amount of
energy. Thus I speak of increasing
speed, meaning increasing the distance
the ball will roll – that means faster
greens. And I speak of decreasing
speed, meaning decreasing or reducing
the distance the ball will roll – that
means slower greens.

justed by modifying these things:

• Reduce the mowing height to increase speed, and increase the
mowing height to reduce it.

• Use a lightweight roller more frequently to increase speed, and
use a roller less frequently to reduce it.

• Provide less nitrogen to the grass to reduce the growth rate, and
the green speed will increase. Add more nitrogen to increase the
growth rate, and the speed will be reduced.

• Supply the grass with less water to reduce the growth rate, and
the speed will increase. Add more water to increase the growth
rate, and the speed will be reduced.

• Grass species should be considered also. Choosing a grass that
can tolerate the practices listed above, while still producing a
smooth putting surface, is an important consideration.

Lower mowing heights, less nitrogen, and less water will all,
taken far enough, kill any grass. Managing these factors to pro-
duce a balance between the desired green speed while still keeping
healthy grass is a fundamental greenkeeping task. An excellent
book on this topic is The Superintendent’s Guide to Controlling Putting
Green Speed3 by Thomas Nikolai. 3 http://amzn.to/1FYFeau is the link

to this book at Amazon.com.

Surface hardness

I’ve used a 500 gram Clegg Impact Soil Tester to measure surface
hardness. This tester, when dropped onto a surface, measures the
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force at the moment of maximum deceleration, and expresses that
force in units of gravities, Gmax.4 4 The SDI website, http://www.sdinst.

com/, explains in more detail: “The
Tester consists of a compaction ham-
mer operating within a vertical guide
tube. When the hammer is released
from a fixed height it falls through
the tube and strikes the surface under
test, decelerating at a rate determined
by the stiffness of the material within
the region of impact. A precision
accelerometer mounted on the ham-
mer feeds its output to a hand held
digital readout unit which registers
the hammer deceleration. For sports
surfaces the readings are displayed in
Gravities.”

The main factors influencing surface hardness are the amount
of organic matter near the soil surface, and the soil moisture con-
tent. Management of surface hardness therefore largely involves
management of the soil organic matter. Sand topdressing, scarifi-
cation, core aerification, and other types of cultivation are all used
to manage soil organic matter. The growth rate of the grass must
be considered here also. With less growth, there will be less organic
matter production. The ideal turfgrass surface will have the slow-
est possible growth rate, growing just fast enough to recover from
traffic damage at that site.

Water in the soil

Soil moisture is not a direct measure of playability. I’ve mea-
sured it as the volumetric water content (VWC), expressed as %.
That is, what volume of water is present in a volume of soil. The
VWC can serve as an indirect measure of the soil organic matter, es-
pecially in sand rootzones. Sand doesn’t hold much water. A sand
that meets the guidelines in the USGA recommendations5 will have 5 The full document, Recommendations

for a Method of Putting Green Construc-
tion, are available here: http://www.
usga.org/Content.aspx?id=26124.

15 to 25% capillary porosity. That is, after a soaking rain, and then
allowing for gravitational drainage, the VWC will have a minimum
of 15% and a maximum of 25%. The VWC when the soil is wet can
be a good indication of how much organic matter is present.

The soil moisture can be modified by adjusting irrigation, by
improving drainage, and by modifying the soil organic matter and
consequently the water holding capacity of the soil.

Summary of data collected 2011 to 2014

Country n min Q1 median Q3 max

India 95 5.5 7.1 7.7 8.8 10.8
Japan 536 6.0 7.8 8.7 9.5 11.7
Korea 3 7.8 7.9 8.0 8.0 8.0
Philippines 63 6.6 7.9 8.9 9.4 12.8
Singapore 18 7.0 7.7 9.4 10.9 12.8
Sri Lanka 15 5.7 6.1 6.4 6.7 7.6
Thailand 153 6.8 8.8 9.3 10.0 10.9
USA 52 6.6 8.6 9.6 11.0 12.1
Vietnam 81 6.3 7.5 8.4 8.8 10.4

Table 1: Summary of green speed data,
in decimal feet, collected from August
2011 to December 2014, organized
by country in which the data were
collected. ‘Country’ is the country in
which the data were collected; ‘n’ is
the number of samples; ’min’ is the
minimum value in the data; ‘Q1’ is
the first quartile – 25 percent of the
data were lower than this value, and
25 percent of the data are between
this value and the median; ‘median’
is the median value; ‘Q3’ is the third
quartile; ‘max’ is the maximum value
in the data.

In the presentation,6 I showed summary statistics for green 6 Slides at http://seminar.
asianturfgrass.com/201503_numbers.

html.
speed, green hardness, and VWC for all the data I’ve collected since
2011, and also for the data collected from greens in Thailand. In
total I have measured some type of performance data from 363
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greens in 9 countries since 2011, and I summarize those data in
these tables.

Table 1 has a summary of the green speed measurements, made
with a stimpmeter, Srixon Z-Star golf balls, and with the Brede
correction7 applied.

7 The Brede correction adjusts for
the effect of gravity on the roll of a
ball on a sloped surface. For more
information, see Brede’s article on
Measuring Green Speed on Sloped Putting
Greens, http://gsr.lib.msu.edu/
1990s/1990/901110.pdf

Country n min Q1 median Q3 max

India 129 8.1 18.4 24.3 37.0 56.7
Japan 1629 5.1 18.9 23.8 29.1 57.3
Korea 9 11.0 12.0 12.0 13.5 13.9
Singapore 54 14.4 24.7 26.2 30.1 35.1
Thailand 190 4.1 20.3 27.2 36.0 53.2
USA 64 18.4 30.6 33.5 37.8 42.2
Vietnam 54 5.1 10.0 11.9 14.4 17.9

Table 2: Summary of soil volumetric
water content (VWC), in percent, col-
lected from August 2011 to December
2014, organized by country in which
the data were collected. ‘Country’ is
the country in which the data were
collected; ‘n’ is the number of sam-
ples; ’min’ is the minimum value in
the data; ‘Q1’ is the first quartile – 25

percent of the data were lower than
this value, and 25 percent of the data
are between this value and the me-
dian; ‘median’ is the median value;
‘Q3’ is the third quartile; ‘max’ is the
maximum value in the data.

Table 2 has a summary of the soil volumetric water content,
(VWC). These measurements were made with a Theta-Probe in 2011

and with a TDR-300 from 2012 to 2014. And Table 3 summarizes
the green hardness measurements made with a 500 gram hammer
using a Clegg Soil Impact Tester.

Country n min Q1 median Q3 max

India 288 47 82 89 99 118

Japan 1645 57 82 87 93 124

Korea 8 82 87 94 98 103

Philippines 189 66 80 86 91 111

Singapore 54 71 81 86 91 101

Sri Lanka 45 68 77 90 102 118

Thailand 432 53 76 83 93 137

USA 159 64 80 87 100 127

Vietnam 243 69 90 97 104 126

Table 3: Summary of green hardness
data, in Gmax, collected from August
2011 to December 2014, organized
by country in which the data were
collected. ‘Country’ is the country in
which the data were collected; ‘n’ is
the number of samples; ’min’ is the
minimum value in the data; ‘Q1’ is
the first quartile – 25 percent of the
data were lower than this value, and
25 percent of the data are between
this value and the median; ‘median’
is the median value; ‘Q3’ is the third
quartile; ‘max’ is the maximum value
in the data.

List of meters

I’m often asked which meters were used and how they can be pur-
chased. For the meters used to measure green speed, soil water, and
surface hardness, this is a list of the meters I’ve used, along with
some other ones that I have used but that I didn’t add the data into
this particular data set. Some may be purchased directly from the
manufacturer, and others may be sold through a distributor. These
are the meters.

stimpmeter “Contact the USGA Order Department at 1-800-336-4446

to order a Stimpmeter for $110, plus shipping and handling and
any applicable sales tax.” More information at http://www.usga.
org/uploadedFiles/USGAHome/Course_Care/Green_Section_

Record/News_Notes/Articles/Stimpmeterwithlinks.pdf.

Theta-probe The Theta-kit described at http://www.delta-t.co.uk/
product-display.asp?id=ML3%20Product&div=Soil%20Science.
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TDR-300 http://www.specmeters.com/soil-and-water/soil-moisture/

fieldscout-tdr-meters/tdr300/

POGO The POGO from Stevens Water Monitoring Systems mea-
sures soil moisture, temperature, and an index of soil salinity. I
didn’t use it for the data collection described in this handout, but
I’ve used one and the data are good, http://www.stevenswater.
com/pogo/.

Clegg hammer The golf course firmness tester from SDI, http://
www.sdinst.com/content/golf-course-firmness-tester-type-cist883-data-logging-bluetooth.

Tru-Firm I didn’t include data from the Tru-Firm in what I’ve de-
scribed here, but I’ve used one and the data are good, http:
//www.specmeters.com/soil-and-water/soil-compaction/

trufirm-turf-firmness/trufirm/.

Precision USA firmness meter This is another way to measure firm-
ness, http://www.precisionusa.com.

Greenstester The Greenstester is used to roll a ball for performing
the Holing Out Test. This test measures the reliability of the
putting surface, http://www.greenstester.com/.

2012 report on the first year of these data

I wrote a 25 page report, A Report on Putting Green Performance
Characteristics, with a much more detailed analysis of these mea-
surements and the data. You can download a copy of that report at
http://www.files.asianturfgrass.com/20120802_data_report.

pdf.8 8 This report was translated into
Japanese by Yukio Ueno and can be
downloaded at http://www.files.
asianturfgrass.com/data_report_jp_

2012.pdf.
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