Solid State Lighting Annex: Summary
Report of Nucleus Laboratory Comparison
FINAL REPORT
Efficient Electrical End-Use Equipment (4E)
International Energy Agency
Cameron Miller and Michael Scholand

AUGUST 30, 2012

The IEA Implementing Agreement
on Efficient Electrical End‐Use Equipment (4E)
4E is an International Energy Agency (IEA) Implementing Agreement established in 2008 to support
governments to formulate effective policies that increase production and trade in efficient electrical
end‐use equipment.
Globally, electrical equipment is one of the largest and most rapidly expanding areas of energy
consumption which poses considerable challenges in terms of economic development, environmental
protection and energy security. As the international trade in appliances grows, many of the reputable
multilateral organisations (for example the G8, APEC, IEA and IPEEC2) have highlighted the role of
international cooperation and the exchange of information on energy efficiency as crucial in providing
cost‐effective solutions to climate change.
Thirteen countries have joined together to form 4E as a forum to cooperate on a mixture of technical
and policy issues focused on increasing the efficiency of electrical equipment. But 4E is more than a
forum for sharing information – it initiates projects designed to meet the policy needs of participants.
Participants find that pooling of resources is not only an efficient use of available funds, but results in
outcomes which are far more comprehensive and authoritative. The main collaborative research and
development activities under 4E are undertaken within a series of Annexes, each of which has a
particular project focus and agreed work plan. These currently comprise:
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Glossary
Term

Meaning

4E

IEA Implementing Agreement on Efficient Electrical End‐Use Equipment.

AB

Accreditation Body

AIST

National Institute of Advanced Industrial Science and Technology (Japan)

CCT

Correlated Colour Temperature

DC

Direct Current

IEC

International Electrotechnical Commission

ISO

International Standards Organisation

LED

Light Emitting Diode

NMIJ

National Metrology Institute of Japan

NIST

National Institute of Standards and Technology (USA)

NLTC

National Lighting Test Centre (China)

RMS

Root Mean Squared

SSL

Solid State Lighting

VSL

Dutch Metrology Institute (The Netherlands)

1 Background
The International Energy Agency’s 4E1 Solid State Lighting (SSL) Annex is working to harmonize
SSL quality and performance testing around the world. Working with a network of test
laboratories, the Annex’s work is focusing on:
(1) assessing a range of existing SSL test procedures;
(2) building a testing system that is manageable, robust and acceptable to a broad range of
stakeholders; and
(3) increasing the quality and confidence of SSL test results around the world.
The Annex is undertaking this work because it recognises the very significant market growth and
potential of SSL. Indeed, according to a study released by Strategies Unlimited in 2012, LED
Lighting revenue was $9.4 billion in 2011 and projected to attain an industry‐wide compound
annual growth rate of 20% through 2016. Stimulated by dropping prices for LEDs, Strategies
Unlimited estimates that the market has grown 3.5 times over the last 3 years ‐ from revenue of
$2.7 billion in 2008 to $9.4 billion in 2011. LED lighting products are now making headway into
the mainstream lighting applications, contributing to the strong market growth.2
In 2012, the Annex completed its first set of tests designed to confirm the competence and
equivalence of the "nucleus laboratories", which are the:





National Institute of Standards and Technology (NIST, USA),
National Lighting Test Centre (NLTC, China),
Dutch Metrology Institute (VSL, The Netherlands) and
National Institute of Advanced Industrial Science and Technology, National Metrology
Institute of Japan (AIST, NMIJ, Japan).

Starting in 2012, these nucleus laboratories will be carrying out a second set of tests to provide
the objective evidence to assess the robustness of the test method and to assess the capability
of laboratories in their economic/geographic zone for testing SSL products. This report presents
the findings of the tests that were conducted by the aforementioned “nucleus laboratories”.

2 Why is Global Harmonized Testing Important?
Testing standards underpin all product standards and labelling programmes because they are the
means by which product energy performance is measured and compared. Harmonization of
energy performance test procedures is a means of facilitating technology diffusion and trade
objectives. Harmonized test methods can encourage trade, conformity assessment, comparison
of performance levels, technology transfer and the accelerated adoption of best practice policy.
The ideal test method has the following attributes:

1

“4E” is an abbreviation for Efficient Electrical End‐Use Equipment.
“LED lighting market to grow while LED component market goes flat” by Laura Peters and Maury
Wright, LED Magazine, March 2012. http://ledsmagazine.com/features/9/3/2
2
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Repeatable ‐ gives the same result each time a product is tested in the same laboratory;
Reproducible ‐ gives the same result each time a product is tested in different
laboratories;
Representative ‐ provides an accurate and robust measurement of energy consumption
reflective of in‐situ energy use under conditions where the product is used; and
Low cost – is not overly expensive or time consuming to conduct.

Both governments and manufacturers stand to gain from the harmonization of testing methods.
Benefits to governments include:


lower development costs for preparing a test methods, especially for emerging products
such as solid‐state lighting;



comparative test results for products sold domestically and in neighbouring economies;



the ability to transpose and adapt analyses from other markets to determine
appropriate domestic efficiency requirements;



adopting minimum performance thresholds and applying them as a starting point in a
domestic regulatory programme;



adopting a common set of upper thresholds that can be used for market pull
programmes such as labelling and incentive schemes; and



faster and less expensive testing – for compliance and other purposes – as harmonized
testing creates a larger choice of laboratories who can conduct product tests.

For manufacturers, having one harmonized test method used by markets around the world will
reduce their testing costs associated with demonstrating regulatory and/or product labelling
compliance. The manufacturers need only conduct one test and the result would be universally
accepted by these markets as being accurate and representative of the performance of their
product. A harmonized test method also enables them to look ahead to longer‐term rewards for
innovation around advanced product designs that will be more energy efficient and have lower
life‐cycle costs for consumers. Having a consistent test method enables countries to establish a
common set of efficiency thresholds that would not only be broad enough to encompass all
current market circumstances but which also include aspirational efficiency thresholds as
pointers for future market development.
This series of tests conducted under the IEA 4E SSL Annex created an opportunity for a select
group of laboratories (the “nucleus laboratories”) around the world to demonstrate their
capability to test a set of LED products accurately and to ascertain whether the test standards
and samples selected were adequate for making that assessment.
This report summarizes the test results from the nucleus laboratories which confirmed the
competence of these laboratories to make repeatable, reproducible and representative
measurements of LED lighting products. The next phase of the IEA 4E SSL Annex’s testing
programme will be for these nucleus laboratories to evaluate the test method, and provide an
interlaboratory comparison that will generate the objective evidence to support the assessment
of the LED product measurement capability in over one hundred lighting laboratories around the
world.
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3 Nucleus Laboratory Testing Format
This testing scheme was designed as a star‐type format, and relied on comparing the test results
of each of the three laboratories against the test results of NIST. As shown in the diagram below,
three sets of test lamps were measured by NIST and then sent to each of the three laboratories
(VSL, NLTC and AIST). The test samples were measured and then returned to NIST, who
conducted a second measurement on each test set. The second test by NIST marked the end of
the testing cycle and the start of the data analysis phase.

Figure 1. Nucleus Laboratory Testing Structure.

Each test set contained six lamps and luminaires – four LED lamps and luminaires and two
incandescent reference lamps. NIST provided each of the laboratories with a protocol document
that instructed them, among other details, to
operate the LED lamps and luminaires at 120 VAC,
Box 1. Lamps and Luminaires Tested
60 Hz until reaching an electrically‐ and optically‐
Lamp 1 & 2: Incandescent standard
stabilized condition. The two incandescent lamps
lamp compares fundamental laboratory
were operated with DC electricity under current
photometric measurement quality;
control, removing the possibility of junction
150W frosted and 60W clear.
potential uncertainties. The laboratories were
instructed to measure the following parameters for
Lamp 3: Active feedback circuit to
maintain constant chromaticity.
each lamp or luminaire in the test sample: RMS
voltage, RMS current, active power, total luminous
Lamp 4: LED lamp, containing remote
flux, luminous efficacy, chromaticity coordinates (x,
phosphor.
y), and the correlated colour temperature. The six
lamps were chosen to challenge the laboratories
Lamp 5: G25 lamp: measure current
and thereby thoroughly assess the accuracy of their
waveform with large THD.
measurement practices. The challenging property
Lamp 6: PAR20: directional lamp with
of each test sample artefact is described along with
narrow
beam angle.
results for the four laboratories in the following
sections.
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4 Analysis Calculations
Since each laboratory only measures one set of test lamps, an assigned value for a particular
lamp is not determined by the four laboratories. The analysis of this star‐type testing scheme
relies on comparing the test results of each of the three laboratories on their respective set of
test lamps compared with the average of the two measurements made by NIST on each set at
the start and finish of the testing cycle.
For each measurement, the relative difference of the results from each laboratory to the average
of the NIST measurements of the same test lamp is given by:

 i, j 

Xi, j
1
Xi,NIST
j
Where:

Xi, j is the test result of lamp i measured by laboratory j
Xi,NIST
j

is the corresponding NIST result of the same lamp

For colour quantities,

 i, j  Xi, j  Xi,NIST
j
This

 i, j

value for NIST is 0. Then, the mean value of the relative differences of the four

laboratories including NIST is given by

i 

 i,1   i,2   i,3  0
4

Thus, the relative difference from the mean value for each laboratory j for lamp i is
calculated as:

Di, j   i, j   i
Using this analysis, the average of Di , j for all four laboratories is zero.
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5 Presentation of Test Results
The following figures show the difference in results for each laboratory from the mean value or
zero. The uncertainty for

 i, j and Di,j is based on the measurement uncertainty of NIST

combined with the measurement uncertainty of the individual laboratories. All the test sample
lamps were measured twice by NIST and the average of NIST’s two measurements was used in
the analysis. The difference between these two measurements taken for each of the test sample
lamps is within the uncertainty of the NIST measurements. The uncertainties in the
measurements reported for each nucleus laboratory are represented by individual uncertainty
bars for each measurement. A satisfactory comparison for this testing scheme is defined as an
overlap of the measurement result including the expanded uncertainty (k=2) for each laboratory
compared to the expanded uncertainty (k=2) of the mean value. In the following figures, the
expanded uncertainty (k=2) of the mean value is represented by the area falling between the
two dashed lines. Several of the figures present two related measured parameters for the lamp,
such as RMS current and active power in one figure. In these diagrams, the colour of the dashed
line indicates the plotted result to which it corresponds.
Finally, it should be noted that the laboratories in the figures are always shown in the same
sequential order. The sequence of laboratories is NIST, VSL, NLTC, and NMIJ from left to right.

5.1

Results for Lamps 1 and 2
Historically, stable incandescent lamps have often been used as reference lamps to compare and
calibrate photometric laboratories. In this test, two incandescent halogen lamps, one with a
frosted envelope that uses 150 W of electricity and one with a clear envelope that uses 60 W of
electricity, were sent to each laboratory. The lamps were operated with AC and DC electricity.
There was no significant difference (within uncertainty) between the lamps so the results of all
four measurements were averaged together. A difference between the measured performance
characteristics of these lamps would have indicated potential problems with the 4‐pole sockets
or spatial uniformity aspects. Figure 2 shows the relative difference of each laboratory compared
to the mean RMS current (A) and mean active power (W). The coloured dashed lines represent
the expanded uncertainty (k=2) of the laboratory comparison, each corresponding to the plotted
results according to their colour. The uncertainties in the measurements reported for each
nucleus laboratory are represented by the vertical uncertainty bars plotted with each data point.
Figure 3 shows the relative difference of each laboratory compared to the mean luminous flux
(lm) and the mean luminous efficacy (lm/W). Figure 4 shows the difference of each laboratory
compared to the mean chromaticity coordinates. Figure 5 shows the difference of each
laboratory compared to the mean CCT (K).
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Figure 2. Relative difference of each laboratory
compared to the mean RMS current and mean
active power for the incandescent lamps.

Figure 3. Relative difference of each laboratory
compared to the mean luminous flux and mean
luminous efficacy for the incandescent lamps.

Figure 4. Difference of each laboratory
compared to the mean chromaticity
coordinates (x, y) for the incandescent lamps.

Figure 5. Difference of each laboratory
compared to the mean correlated colour
temperature for the incandescent lamps.

Generally, on all the parameters measured for Lamps 1 and 2, the four nucleus laboratories
reported results that were well within the expanded uncertainty of the comparison,
demonstrating the measurement accuracy and quality of these laboratories. In one case, for the
third and fourth laboratories measuring luminous flux and luminous efficacy (Figure 3), the
measured values were outside the expanded uncertainty (k=2) of the mean value, but the
expanded uncertainty (k=2) of the laboratory measurement overlaps with the mean value.
Therefore, statistically these measurements are not outliers and the results are accepted.

5.2

Results for Lamp 3
The third lamp in the test sample set was chosen because the lamp incorporates a sophisticated
feedback loop that adjusts the flux of red LEDs in the lamp to mix with the flux of blue‐yellow
phosphor LEDs and thereby maintain a constant chromaticity output. If the measurement system
allows light to scatter back into the lamp, the electrical power consumption and the optical
output measurements will be different than measurements made under standard conditions.
Figures 6, 7, 8 and 9 show the results for measurements of lamp 3.
The test results for the lamp with the constant chromaticity feedback loop show that all the
nucleus laboratories are within the satisfactory conditions for the comparison. Figure 6 shows
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Figure 6. Relative difference of each laboratory
compared to the mean RMS current and mean
active power for the lamp with feedback.

Figure 7. Relative difference of each laboratory
compared to the mean luminous flux and mean
luminous efficacy for the lamp with feedback.

Figure 8. Difference of each laboratory
compared to the mean chromaticity
coordinates for the lamp with feedback.

Figure 9. Difference of each laboratory
compared to the mean CCT for the lamp with
feedback.

the RMS current and active power measurements for the first laboratory are outside the
expanded uncertainty (k=2) of the mean value, but the expanded uncertainty (k=2) of the
laboratory measurement overlaps with the mean value. Therefore, statistically these
measurements are not outliers and the results are accepted. In Figure 7, the luminous efficacy
measurement of the first lab and the luminous flux measurement of the second and third labs
are slightly outside the expanded uncertainty (k=2) of the mean value, but in all cases, the
laboratory’s expanded uncertainty (k=2) overlaps this range, so the results are acceptable. In
Figure 8, the x measurement of the fourth laboratory and in Figure 9, the CCT measurement of
the third lab are both slightly outside the expanded uncertainty (k=2) of the mean value, but the
results are acceptable because the laboratory’s expanded uncertainty overlaps the range.
Therefore, across all metrics measured for Lamp 3, all four laboratories were found to perform
satisfactorily.

5.3

Results for Lamp 4
The fourth lamp in the test sample set was chosen because it is designed to operate using a
remote phosphor. For integrating sphere measurement systems, the blue light that reflects in
the sphere can be absorbed by the phosphor and re‐emitted at a different wavelength causing
an error in the measurement. If the sphere wall area is large in relation to the remote phosphor
area, the error is insignificant. An error can also occur during the self‐absorption correction.
Figures 10, 11, 12, and 13 show the results for lamp 4.
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Figure 10. Relative difference of each
laboratory compared to the mean RMS current
and mean active power for the lamp with a
remote phosphor.

Figure 11. Relative difference of each
laboratory compared to the mean luminous
flux and mean luminous efficacy for the lamp
with a remote phosphor.

Figure 12. Difference of each laboratory
compared to the mean chromaticity
coordinates for the lamp with a remote
phosphor.

Figure 13. Difference of each laboratory
compared to the mean CCT for the lamp with a
remote phosphor.

The results for the lamp with a remote phosphor have similar issues to those discussed
previously – namely that some laboratories reported measured values that were outside the
expanded uncertainty (k=2) of the mean value, however the expanded uncertainty (k=2) of the
laboratory measurement overlaps with the mean value. Therefore, statistically these
measurements are not outliers and the results are accepted. This occurs for the first laboratory
with the measurement of RMS current and CCT; the second laboratory for RMS current, the third
laboratory for luminous flux and the fourth laboratory for its luminous flux, chromaticity x‐
coordinate and CCT reported values.

5.4

Results for Lamp 5
The fifth lamp in the test sample set was chosen because the lamp has a sharp current wave,
producing a low power factor, which challenges the electrical measurement proficiency of the
laboratory. Figures 14, 15, 16, and 17 present the results for lamp 5.
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Figure 14. Relative difference of each
laboratory compared to the mean RMS current
and mean active power for the lamp with a
sharp current wave.

Figure 15. Relative difference of each
laboratory compared to the mean luminous
flux and mean luminous efficacy for the lamp
with a sharp current wave.

Figure 16. Difference of each laboratory
compared to the mean chromaticity
coordinates for the lamp with a sharp current
wave.

Figure 17. Difference of each laboratory
compared to the mean CCT for the lamp with a
sharp current wave.

The results for the lamp with a sharp current wave show that all the laboratories are within the
satisfactory conditions for this comparison, although some laboratories reported measured
values that were outside the expanded uncertainty (k=2) of the mean value. However, in all
cases these laboratories had an expanded uncertainty (k=2) that overlaps with the mean value.
Therefore, statistically these measurements are not outliers and the results are accepted. This
affects the third laboratory for its measurement of luminous flux and luminous efficacy and the
fourth laboratory for RMS current, luminous flux, luminous efficacy and CCT.

5.5

Results for Lamp 6
The sixth lamp in the test sample set was chosen because it is a spot lamp with a very narrow
beam angle, challenging test measurements made in integrating sphere systems because the
spatial uniformity of the sphere is required. This type of lamp also challenges test laboratories
that use goniophotometer systems, requiring that they capture luminous intensity
measurements at a fine enough beam angle resolution to accurately characterize the total
luminous flux of the lamp. Figures 18, 19, 20, and 21 show the results for this lamp.
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Figure 18. Relative difference of each
laboratory compared to the mean RMS current
and mean active power for the narrow spot
lamp.

Figure 19. Relative difference of each
laboratory compared to the mean luminous
flux and mean luminous efficacy for the narrow
spot lamp.

Figure 20. Difference of each laboratory
compared to the mean chromaticity
coordinates for the narrow spot lamp.

Figure 21. Difference of each laboratory
compared to the mean CCT for the narrow spot
lamp.

The test results for the narrow spot lamp show that all the laboratories are within the acceptable
range of values for this comparison. The laboratories did, however, have similar issues to those
discussed previously – namely that the reported measured values were outside the expanded
uncertainty (k=2) of the mean value, however the expanded uncertainty (k=2) of the laboratory
measurement overlaps with the mean value. Therefore, statistically these measurements are not
outliers and the results are accepted. This affects the first laboratory for its measurement of CCT
and the fourth laboratory for its reported RMS current, luminous flux and CCT.

6 Conclusions
The results from the nucleus laboratory testing show that the four laboratories have acceptable
agreement within the stated expanded uncertainties, confirming the measurement accuracy of
these four laboratories and their collective capability to measure the performance of the test
sample lamps. The current measurement for solid‐state lighting products appears to have a
larger potential for error than suggested by the uncertainty budgets. A few of the laboratories
are conducting research in this area by controlling the system impedance. The results of this
research are expected to be incorporated into new standard test methods.
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This testing programme could have been improved by measuring multiple lamps of each type at
each nucleus laboratory to better examine the variance among the measurements; however,
only one unit of each type was chosen in order to expedite the process. In order to examine the
possibility of random fluctuations, the relative differences and differences were averaged for all
the lamps for each laboratory and plotted for the same sets of parameters in Figures 22, 23, 24,
and 25. The average results confirm that the current and active power measurements are well
within the satisfactory conditions. Two laboratories may have a small bias for the luminous flux
in opposite directions which would be worth investigating. One laboratory may have a small bias
in the CCT compared to the other three.

Figure 22. Relative difference of each
laboratory compared to the mean RMS current
and mean active power for all lamps.

Figure 23. Relative difference of each
laboratory compared to the mean luminous
flux and mean luminous efficacy for all lamps.

Figure 24. Difference of each laboratory
compared to the mean chromaticity
coordinates and the mean CCT for all lamps.

Figure 25. Difference of each laboratory
compared to the mean CCT for all lamps.

That said, overall, on all the parameters measured for the test sample, the four nucleus
laboratories reported results that were well within the expected range, confirming the
measurement accuracy and quality of these laboratories. Since this testing programme has
shown that the results of the four laboratories were found to lie within an acceptable range, the
4E SSL Annex has decided to proceed with the next stage of the testing programme.
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In the next stage of the Annex’s testing programme, the nucleus laboratories will be
administering test samples to a larger number of laboratories to gain confidence in their SSL
measurement capability. This stage of the process will provide a status of the state of SSL
measurements for participating laboratories and proficiency testing results that may be used and
recognised by national accreditation bodies (AB). The diagram below depicts the testing
programme which may involve a star type comparison, a round robin type comparison or a
hybrid of these formats.

Figure 26. Possible Structures for the Next Testing Programme.

The testing programme will encompass all the common requirements for fundamental
properties that exist in regional measurement methods in the related countries and
international standards. It will test the proficiency of participating laboratories to measure LED
lighting products. It is designed to comply with ISO/IEC 17043:2010 (“Conformity assessment ‐‐
General requirements for proficiency testing”) so national Accreditation Bodies (ABs) may use it
when evaluating a particular laboratory for accreditation. Actual acceptance of the test results
by an AB will be a decision by each AB, however if these test results are accepted as a proficiency
test, the AB would be able to accredit laboratories under ISO/IEC 17025:2005 (“General
requirements for the competence of testing and calibration laboratories”) or ISO/IEC 17020:1998
(“General criteria for the operation of various types of bodies performing inspection”) for SSL
testing.
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Appendix
Presented below are the raw differences data used to calculate the results shown in the Figures. The
uncertainties are calculated from the uncertainties provided by each nucleus laboratory.
Table A1: Data Comparing VSL and NIST

Lamp 1 & 2
Exp. Unc. (k=2)
Lamp 3
Exp. Unc. (k=2)
Lamp 4
Exp. Unc. (k=2)
Lamp 5
Exp. Unc. (k=2)
Lamp 6
Exp. Unc. (k=2)

Amps
(A)
0.00%

Watts
(W)
0.11%

Lumen
(lm)
0.11%

Efficacy
(lm/W)
‐0.18%

x

y

0.0000

0.0005

CCT
(K)
6

0.48%
‐0.61%

0.86%
‐0.65%

1.12%
1.31%

1.40%
1.97%

0.00220
‐0.0015

0.0028
0.0002

28
15

1.00%
‐1.29%

1.54%
0.05%

1.58%
0.52%

2.20%
0.48%

0.00400
0.0015

0.0024
0.0003

36
‐23

0.84%
0.31%

1.44%
0.43%

1.22%
0.09%

1.94%
‐0.34%

0.00400
0.0011

0.0024
0.0005

36
‐12

0.94%
0.39%

1.64%
0.25%

1.56%
‐0.20%

2.30%
0.84%

0.00400
0.0007

0.0024
‐0.0001

50
‐6

1.08%

1.60%

1.56%

2.22%

0.00400

0.0024

36

Table A2: Data Comparing NLTC and NIST

Lamp 1 & 2
Exp. Unc. (k=2)
Lamp 3
Exp. Unc. (k=2)
Lamp 4
Exp. Unc. (k=2)
Lamp 5
Exp. Unc. (k=2)
Lamp 6
Exp. Unc. (k=2)

Amps
(A)
0.07%

Watts
(W)
0.06%

Lumen
(lm)
‐1.33%

Efficacy
(lm/W)
‐1.39%

x

y

0.0006

0.0003

CCT
(K)
‐6

0.38%
‐1.01%

0.68%
‐1.09%

1.12%
‐0.74%

1.48%
0.35%

0.00260
‐0.0017

0.0034
0.0009

28
31

0.72%
‐0.25%

0.98%
‐0.30%

1.68%
‐0.85%

2.12%
‐0.56%

0.00260
0.0008

0.0034
0.0003

28
‐8

0.54%
0.12%

0.88%
0.21%

1.66%
‐1.08%

2.06%
‐1.29%

0.00260
0.0006

0.0034
0.0005

28
‐8

0.70%
0.22%

1.16%
0.35%

1.66%
0.18%

2.18%
1.13%

0.00260
0.0017

0.0034
0.0005

42
‐26

0.86%

1.12%

1.68%

2.20%

0.00260

0.0034

28

Table A3: Data Comparing NMIJ and NIST

Lamp 1 & 2
Exp. Unc. (k=2)
Lamp 3
Exp. Unc. (k=2)
Lamp 4
Exp. Unc. (k=2)
Lamp 5
Exp. Unc. (k=2)
Lamp 6
Exp. Unc. (k=2)

Amps
(A)
0.21%

Watts
(W)
‐0.16%

Lumen
(lm)
0.38%

Efficacy
(lm/W)
0.54%

x

y

‐0.0007

0.0003

CCT
(K)
14

0.48%
‐0.68%

0.68%
‐1.06%

1.46%
0.98%

1.62%
2.02%

0.00300
0.0013

0.0026
0.0018

28
13

0.98%
‐0.22%

1.18%
0.29%

1.32%
1.48%

1.80%
1.25%

0.00260
0.0037

0.0024
0.0007

28
‐36

0.70%
‐0.61%

1.24%
0.12%

1.68%
1.48%

1.96%
1.35%

0.00240
0.0018

0.0024
0.0004

28
‐68

0.88%
0.98%

1.62%
0.56%

1.50%
1.27%

2.24%
1.92%

0.00260
0.0023

0.0028
0.0003

56
‐36

1.18%

1.36%

1.68%

2.18%

0.00240

0.0024

28
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