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Abstract [≤ 250 words]
[Introductory paragraph!]
 … Here we document one such effort with data collected by a 915-MHz wind profiler at Manus, Papua New Guinea.  One method iteratively determines the calibration constant required to match accumulated rainfall during two separate stratiform rain events with the rainfall measured by a tipping bucket mounted near the profiler.  The other method determines the calibration constant required to match long-term statistics of bright-band reflectivities measured by the Manus profiler with similar statistics measured by the TRMM satellite
1.    Introduction 

Conditions in the atmosphere over the tropical Pacific Ocean affect not only the local ocean and landmasses, but also remote regions of the globe via teleconnections associated with such phenomena as ENSO and the Madden-Julian Oscillation.  Observations in the tropics have historically been sparse in both space and time.  In order to mitigate this, a network of wind-profiling radars was deployed by the NOAA Aeronomy Laboratory at several sites across the tropical Pacific (Fig. 1), first as part of TOGA-COARE (Parsons et al. 1994) and then under the auspices of the NOAA Climate Program Office (McPhaden et al. 1998) [and CLIVAR?].  Together with the Austrailian Bureau of Meteorology’s systems at Darwin, Australia, the profilers served as components of field campaigns such as COARE and MCTEX (Keenan et al. 2000), and their data were used in many short- and longterm regional studies of dynamics and precipitation (e.g. Williams et al. 1995, Schafer et al. 2001, Hartten and Datulayta 2004, Zhang et al. 2004).  All sites except Darwin were decommissioned after about a decade of operation [which ones still up?  What ones transferred, to who?].  The raw data as well as post-processed winds are archived at the NOAA Earth System Research Laboratory’s Physical Sciences Division.  As new processing techniques are developed and new augmenting datasets become available, we may find there is more to be learned about the tropical atmosphere from these archived data.
There has been a longstanding desire in the profiler community to extract more atmospheric information from profiler data than merely winds, e.g. turbulence (Gossard 1977, Chadwick and Moran 1980, Gossard et al. 1998), precipitation studies, ([PEJ: best choices?  any earlier than CRW?
] , Réchou et al. 2014) (Wakasugi et al. 1986), temperature (Matuura et al. 1986, Angevine et al. 1994, Görsdorf and Lehmann 2000), and humidity (Stankov et al. 1996, Bianco et al. 2005).  Some of these measurements can be satisfied or enhanced by a calibrated profiler, which would enable the calculation of profiles of Cn2, the structure function of the index of refraction, and Ze, the equivalent reflectivity reported by precipitation radars.
Calibration is the process of establishing how to convert measured quantities into desired quantities which are directly comparable to some reference standard.  Wind profiling radars are calibrated for wind, i.e. a 10m/s wind reported by one profiler is the same speed as a 10m/s wind reported by another, within the error bars associated with the accuracy of each profiler.  However, wind profilers are typically not calibrated in terms of the reflectivity measurements., because calibration is difficult, expensive, and not required for wind measurements.  Thus while the SNR measured by profilers can easily be converted into a relative reflectivity, the reflectivities calculated from SNR measured by two wind profilers in the same conditions are not expected to be the same; they are not absolute or calibrated reflectivities.
There are two basic ways to calibrate a radar.  The first involves working with a version of the full radar equation, such as
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(Johnston et al. 2002, after Doviak and Zrnić 1993), which is often used with wind profilers.  P(r0) is the power received at range r0, and is integrated over the pulse volume;; η(r0) is the volume reflectivity and l(r0) the signal attenuation over the range
; f(θ, ϕ) is the antenna’s spatial response, dependent on azimuth angle, θ, and elevation angle ϕ, and 
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 is the antenna’s range-weighting function; and C0 is a constant specific to the particular radar..  The direct method of calibration is to evaluate each term in the radar equation so that 
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 is in units of  XXXX.  This direct method of calibration requires careful measurement of the transmitted power, all antenna characteristics, such as gain or directivity, transmission line losses   receiver loss, system gain, and digital processing gain.  Accurate and precise measurements, especially of the antenna, are difficult and expensive to perform.  The second way to calibrate a radar involves the use of a transfer standard, i.e. comparison against another known measurement.  This comparison can occur at the level of a directly measured quantity, such as power returned from a calibration target, or of a derived one such as rainfall.  This second method is the only option for a radar which has been decommisioned, and may also be preferred for extant radars because it can result in a better calibration as well as saving time and monetary costs associated with the first method.  Finally, it is worth noting that the radar community is generally very happy to be within ± 1.5 dB in their calibration; this is, for instance, the standard used for National Weather Service radars [citation for 1.5dBZ?  Note that Ice et al. 2014 says 1.0 dBZ for non-polarimetric radars].
Since 915-MHz radars are sensitive to both clear-air (Bragg) scattering and hydrometeor (Rayleigh) scattering, precipitation events offer a good opportunity to calibrate these radars after they have been deployed, even after they have been removed from the field.  Hartten and Johnston (2014), working with observations collected aboard the R/V Ronald H. Brown in the equatorial East Pacific, used shipboard tipping-bucket rainfall measurements during stratiform rain episodes  to calibrate the ship’s profiler.  In the western equatorial Pacific, where most of the long term deployments of tropical profilers occurred, it is better to take advantage of the frequent stratiform rain events.  Stratiform rain is often fairly uniform making it easier to decide how much has fallen [need better wording].  Stratiform rain is characterized by a distinctive radar signature called a bright band, a layer of strongly enhanced reflectivity where falling snow is beginning to melt [ref? or not?].  This is visible to the 915-MHz profiler, and also to the precipitation radar on the Tropical Rainfall Measuring Mission (TRMM, Kummerow et al. 1998) or Global Precipitation Measurement (GPM, Hou et al. 2014) satellites.
Here we document our efforts to use two different methods to calibrate the 915-MHz profiler deployed at Manus, Papua New Guinea.  One method utilizes rainfall from a tipping bucket located near the profiler.  The other method involves long term statistics of bright-band reflectivities from the TRMM satellite.  The two calibration constants are compared with each other, and verified using additional stratiform rain events.  Finally, [something interesting is looked at in Cn2 ].
2.    Radars and precipitation
Tropical precipitation near sea level can be grouped into two different categories: warm rain, in which water goes directly from vapor form to liquid, and [what’s this type of precip called?], in which water vapor becomes frozen precipitation particles which later melt as they fall.  Early in the melting process, a fine coat of liquid water coats the frozen particles.  These are much better reflectors of radio waves than are the comparably sized frozen particles, and are often larger than the fully liquid drops they are about to become.  Therefore, they are associated with enhanced radar reflectivity.  This enhancement occurs in a layer typically a bit below the 0°C level; in radar displays, it is called the “bright band”.  Both of our calibration methods will take advantage of the bright band, although in different ways.
[if kept, the following segment needs further rewording to avoid AMS plagarism software]  Wind profilers measure signal-to-noise ratio (SNR), radial velocity, spectral width, and mean noise level.  A 915-MHz profiling radar receives returns from refractive index fluctuations with a scale size of 16.5cm, one-half the transmitted wavelength (i.e. from Bragg scattering), and from Rayleigh scattering by falling hydrometeors.  The index of refraction is a nonlinear function of pressure, temperature, and moisture (Gage and Balsley 1978); fluctuations on this scale are created by turbulence.  [end segment that needs rewording]

[The info in those 2 paragraphs needs to be tied together more closely, esp the 2nd needs to be shown to be relevant to the problem at hand.  Not sure how to do!]
a.  The Manus wind profiling radar
The Manus 915-MHz wind profiler was deployed in July 1992 at Momote Airport (2.06°S, 147.42°E) on Los Negros Island, which lies just east of Manus Province’s main island of Manus (Figure 2).  It was a 3-beam phased-array system; the dwell time in each beam was zzz.  The profiler was operated in two interleaved modes:  a “low mode” with 98m vertical spacing up to as much as xx km, and a “high mode” with 238m vertical spacing up to at most yy km.  More details about the system can be found in Carter et al. (1995).  The data used here come exclusively from the vertical beam of the low mode.  Because of the scanning strategy employed, these occur approximately every 4 minutes.  The data record contains several gaps of hours to days for a variety of reasons, including instrument failure and maintenance.  However, the profiler ran more-or-less continuously until it was decommissioned in [month] 2001.
[PEJ: what
 needs to be said about data processing before get to details of P’s or V’s work?]
b. The TRMM precipitation radar
The TRMM satellite, launched on 27 November 1997, was designed to provide consistent measurements of precipitation throughout the tropics, with high resolution in both time and space (Kummerow et al. 2000).  It was initially placed in an orbit which ranged from 35°S to 35°N at 350km; in August 2001 this was boosted to 402.5km.  Its orbit was such that it passed directly over any given location daily, with the time of day repeating every 42 days.  In summer 2014, with its fuel nearly spent, it began to slowly descend; instruments were turned off in April 2015.
The TRMM satellite carried a calibrated Ku-band (13.8GHz) precipitation radar.  The radar’s original nadir footprint of 4.3km increased to 5.0km after the boost.  Over the years, an evolving set of algorithms have been used to process TRMM data.  Of particular relevance for this work is the TRMM 2A23 algorithm, which classifies radar retrievals into different precipitation types.  Version 6 was released in 2004 (Awaka et al. 2007), Version 7 in 2011 (Funk et al. 2013).  [what are the differences?  was v6 the 1st w/ bright band, or did it have an improved bb?]  This research uses Version 7 monthly mean values of bright-band heights and reflectivities which have been released as part of the 3A25 dataset [ref?]. These are available on a 0.5° by 0.5° grid and come with an associated land/ocean mask.  All of the grid points near Manus are classed as “ocean” points (Fig. 2).
3.    Calibration against surface measurements
Our first calibration involves matching rainfall estimated from profiler reflectivity during selected stratiform rain events with the rainfall measured at the surface by a tipping bucket.  The rain gauge recorded the number of “tips” each minute; each tip occurred when 0.01 inches (0.254 mm) of water had accumulated in the cup inside the gauge.  We focus on 1 November 1992 through 28 February 1993, the TOGA-COARE IOP, since it is a well-studied period and the multiple datasets are readily available.  To estimate
 rain from profiler reflectivity, we employ a appropriate Z-R relationship, Z = f(R,D), where Z is the reflectivity (dBZ), R is the rain rate (mm/h), and D is the drop diameter (mm).  For stratiform rain,
 we use the Marshall-Palmer relationship (Marshal et al. 1955) , 
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.  Since our reflectivity is not calibrated, our estimation is an iterative process.
We wanted to choose one or more long-lived periods of stratiform rain which produced relatively large accumulations on the ground to use for calibration.  This increases the likelihood that many possible sources of small errors (e.g. evaporation in the air, spatial and temporal mis-matches, advection away from the surface gauge) will cancel each other out, thereby increasing the robustness of our result.  During the four-month IOP, there were 10 days with a complete set of observations from both instruments, daily rainfall ≥ 10mm, and profiler-detected precipitation lasting ≥ 5h.  After examining the character of the reflectivity and the bright band to identify long-lived stratiform events, we selected two primary cases and two verification cases.  The first primary case, 14 December 1992, featured stratiform rain from about 1216-1646 UTC (Fig. 3a), during which time the gauge recorded 13.46
 mm of rain.  During the second, 28 January 1993, the gauge measured 14.22 mm of rain from about 0110-0635 UTC while the profiler reflectivity showed a broken bright-band (Fig. 3b).  The bright bands during the verification cases, 11 December 1992 (Fig. 4a) and 27 January 1993 (Fig. 4b), were much shorter-lived and produced much less rain, 5.588 mm from 0529-0659 UTC on 11 December and 8.636 mm from 1042-1309 UTC.  The stratiform rain on 11 December was preceded by a period of heavy convective rain.
Our
 calibration started with a first guess; we set the profiler radar constant (PRC) to 65 and [insert good description of magic here].  We then compared the gauge accumulation over the several-hour time period with the profiler accumulation.  We started by looking only at the lowest 8 range gates (altitudes) of the profiler, to balance the risk of evaporation or advection of raindrops detected at higher altitudes in a larger volume against the risk of profiler weirdness in lower gates [cite for weirdness?].  The plots of accumulated rainfall as a function of time (Fig. 5) showed clearly that the first two gates needed to be excluded, as their estimated accumulations were distinctly less than those from the higher gates.  These results were otherwise encouraging; on both days the accumulations from gates 3-8 were tightly clustered and evolved similarly to the gauge accumulation.
For our second try, we increased the PRC to 110.  The results (Fig. 6) led us to three procedural changes.  First, we decided to also exclude the third range gate, as it clearly evolved differently from the others on 28 January 1993.  Second, the behavior of the curves at the beginning and ending of each time period suggested that a more rigorous and thoughtful determination of starting and ending times was required.  After a minute-by minute evaluation of the tipping bucket data coupled with a scan-by-scan evaluation of the profiler vertical motion at gates 4-8, we established new time windows.  For the rain gauge, these are 0216-1645 UTC on 14 December 1992 and 0110-0634 UTC on 28 January 1993.  [comment on time match]  Finally, the profiler accumulation on 14 December 1992 was higher than the gauge’s until 1500 UTC, after which it almost exactly matched the gauge (until that problematic last half hour).  In contrast, the profiler accumulation on 28 January 1993 was above the gauge’s until about 0500 UTC and below the gauge’s afterwards.  This suggested that pursuing each case separately might lead to two slightly different solutions.  This offered chances to assess the [better word than error] of the calibration, so we decided to take that tack. [ugly sentence]
We then continued our iterative process.  After repeating the previous step using the refined time limits, for each case we calculated a new value of the PRC as
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where Rgauge and Rprofiler are the accumulated rainfall from the gauge and profiler obtained using the old PRC (110).  We then calculated the accumulated profiler rain during each case using the new PRCs; for good measure, we also calculated each case’s profiler accumulation using the other case’s new PRC.  Looking first at the new PRCs calculated for each event, the difference between the gauge and profiler accumulation was -0.001mm for 14 December case (Fig. 7a) and 0.003mm for the 28 January case (Fig. 7b).  In both cases, the profiler accumulation was higher than the gauge’s during the first few hours and then slower near the end of the period.  However, even if even if the magnitudes are not perfect, the match between the shape of the two instrument’s curves is very good.  See, for example, the higher rain rate from 1345-1400 UTC on 14 December and the slowdown in the next 15 minutes; the three heavy events on 28 January (0115-1045, 0315-0400, and 0445-0500 UTC); and the smaller rain rates on that day (0400-0445 and 0520-0630 UTC). [elegant comment here]  
These plots are very encouraging, but left us with two values of PRC.  However, the difference between each case’s gauge accumulation and the mm  [incomplete thought!!!] (Figs. 7c, d) [think I’ve convinced myself we don’t need to show the cross ones].  We therefore averaged the two case’s PRCs and tried the result on both days.  This resulted in a profiler accumulation that was 0.469 mm higher than the gauge on 14 December and 0.456 mm lower than the gauge on 28 January, an error of 3% in both cases (Fig. 8).  [Do we have an estimated error for the gauge?]  However, these are [elegant phrase here putting this into the context of rain measurements], and our goal is not perfect rainfall measurements in any case: our goal is a calibrated profiler.  Therefore we accept PRC= 114.7 as the final calibrated value from this method.  This yields the following equation for converting SNR to equivalent reflectivity Ze:
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Here Ze and SNR are functions of range r (m); Ze is in units of 10log(mm6 mm-3), i.e. dBZ, and SNR and the calibration constant are in dB.  If one instead wanted to convert SNR to Cn2, the post-calibration equation would be:
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4.    Calibration against satellite measurements
Our second calibration involves matching longterm-mean bright-band reflectivities measured by the profiler with longterm-mean bright-band reflectivities from the TRMM precipitation radar [exact type?  ref?].  For the profiler data, we focus on July 1992 through August 1994, the first two years the profiler operated, and on the low-mode’s vertical beam.  We assumed that the bright band will occur at or above 3km, which is a conservative estimate in this location (Johnson et al. 1996), and that PRC=65 was a good starting point, then processed the data using two different pieces of software.  The first yields very good estimates of the maximum uncalibrated reflectivity in a profile and its height.  The second is very good at identifying bright bands, but does not do as good a job calculating reflectivity (White et al. 2002).
We combined the very good reflectivity values from the first software with the very good bright-band heights from the second as follows.  The second piece of software identified 13,397 vertical profiles which contained a bright band.  We extracted, from the output of the first piece of software, the height of the maximum reflectivity in each of those profiles.  The distributions of the height of the maximum reflectivity above 3km in profiles with a bright band (Fig. 9a) and the height of the bright band (Fig. 9b) are quite similar; the median height is 4500m and lies within a broad peak between 4 and 5 km, although the maximum reflectivities skew a little higher than the median while the bright bands skew a little lower.  The distribution of maximum reflectivities has secondary maxima at 3km (our cutoff) and 5200m (the highest range gate).  We attribute this to situations in which the profile of reflectivity looked like xxxxx.  However, when the two heights are matched in time, the height of the maximum reflectivity is often not the height of the bright band (Fig. 9c).   Explain why that could be.  We decided to work only with profiles for which the maximum reflectivity occurred within 1 range gate (±105 m) of the bright band.  This left us with 10,798 profiles, 80.6% of what we began with.  The long-term mean uncalibrated reflectivity of these bright bands was 27.4 dB; the number of profiles per month is shown in Fig. 10.  [comment, correl w/ SST & ENSO]
There is no temporal overlap between the TRMM data and the early years of profiler data.  That is one reason we are relying on longterm statistics for this calibration method.  Since matching times was not at issue, we decided to work with the pre-boost (January 1998 – July 2001) data, which had a slightly smaller footprint.  For each month we spatially averaged the mean bright-band heights and reflectivities at each of the four points closest to Manus (denoted “Manus”, “Manus-N”, “Manus-NE”, and “Manus-E”, c.f. Fig. 2), as well as over the 1°x1° box they form (“SQ”).  The timeseries exhibit considerable month-to-month variability including months with no bright-band observations (Fig. 10).  The Manus gridbox had more months with observed BBs (35) than did the other gridboxes (28-31), but not as many as the combined gridboxes, SQ (38), even though the total number of observed bright bands was slightly higher at Manus NE (2,040) than at Manus (2,002).  Put another way, on monthly timescales the Manus gridbox’s bright-bands appear to be influenced by Manus Island, while the gridbox to the northeast appears influenced on an event-basis with months.  Need to discuss range & std dev & significance.  Need to plot SQ w/ each, evaluate correlations.  In light of XXX, we decided to use the Manus gridpoint alone for a longterm-mean TRMM brightband reflectivity.  The median of the monthly averaged bright-band heights is 4512 m, which matches both profiler distributions in Fig. 9.  [monthly counts compared to TRMM & ENSO markers]  The pre-boost longterm-mean bright-band height was 4,489 m and the mean reflectivity was 30.10 dB.

The difference between the TRMM and the profiler bright-band reflectivities is 2.70 dB.  The TRMM-based reflectivity is equivalent to PRC = 121.036, just 6.336 dB above the final PRC value determined by the rain-based calibration method, and yields the following equation for converting SNR to equivalent reflectivity Ze:
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The analagous equation for converting SNR to Cn2 would be:
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5.    Validation, error analysis, and final equations for Ze and Cn2
The Ze calibration factor found by the satellite-based method is 0.233 dB larger than that found by the rain-based method; for the Cn2 calibration factor, the difference is 0.234 dB.  The two methods are therefore only 6.1% apart, [which is very good], but to be useful for atmospheric work we need to settle on one calibration.  To determine a final set of calibration factors, we have validated the surface-based PRC on two reserved cases, and the satellite-based PRC on those validation cases as well as the two cases used to determine the surface-based PRC.
The 11 December 1992 validation case had stratiform rain for about 1.5 hours (Fig. 4a).  Both the surface-based PRC, 114.7, and the satellite-based PRC, 121.0, yielded profiler accumulations of precipitation which were about 1mm (20%) less than the gauge accumulation (Fig. 11).  The profiler rain lagged the gauge rain throughout the event, with the largest discrepancy occurring during the period of rapid gauge accumulation from 5:38-5:44 UTC.  The magnitude of the discrepancy increased with the height of the range gate.

The stratiform rain during the 27 January 1993 validation case lasted for about 2.3 hours (Fig. 4b).  The surface- and satellite-based PRCs both yielded profiler accumulations of precipitation which were about 3.5 mm (40%) more than the gauge accumulation (Fig. 12).  The profiler accumulation actually lagged the gauge accumulation for the first 10 minutes of the event; thereafter, the profiler accumulation was greater than the gauge accumulation, with the difference increasing fairly steadily from 11:30 UTC onwards.  As in the 11 December case, the magnitude of the discrepancy increased with the height of the range gate.
Turning to the cases used for the surface-based calibration, the final calibration value yielded an over-accumulation of 0.469 mm in the 14 December 1992 case (Fig. 13a) and an under-accumulation of -0.456 in the 28 January 2993 case (Fig. 15a).  The satellite-based PRC had twice as big an over-accumulation on 14 December (Fig. 14b), and a very small over-accumulation on 28 January (Fig. 15b).  Except for during the last XXX of 28 January with PRC=121.0, the profiler accumulations exceed the gauge accumulation throughout the stratiform rain periods.  In contrast to the two verification cases, during these two events the accumulations in the five profiler gates are nearly identical.  Since these two events occur 3 days after and 1 day after the verification events, it appears that the spread in profiler accumulations seen in the verification cases is related to atmospheric conditions rather than a radar issue per se.
When we use (2) and the results from each of these 4 events to calculate new PRC estimates, they range from 68.0 to 120.8 and average 116.2.  [What does this tell us about our possible error?  How important is this error?  What value should we use for future work?  I’d pick 121 b/c satellite validation will be easier & therefore there will be more site-to-site consistency.]
Our final calibration equations for this radar are:
6.    Final thoughts

Aliquam quis sem elementum, convallis dolor quis, vestibulum nisl. Nam enim massa, mollis a malesuada et, dapibus id nibh. Integer vehicula, ante ac ornare convallis, nunc turpis elementum nisl, non viverra magna sem et ex. Donec quis suscipit orci. Cras commodo turpis nunc, vel tincidunt arcu posuere auctor. Nullam lacus diam, consectetur in aliquet vitae, dignissim eu risus. Donec et libero eget turpis vulputate commodo eget et lacus. Aliquam risus quam, dapibus in ligula sed, bibendum commodo ante. 
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FIG. 1.  The Trans-Pacific Profiler Network deployed by the NOAA Aeronomy Laboratory during the period 198x-200y.  Not shown are the 915-MHz systems deployed at Kavieng & Kapingamarangi during TOGA-COARE [shown with inset?] and aboard the R/V Ka’imimoana [add a fake ship in EastPac?] for zzzzz, and the 50- and 915-MHz systems deployed at Darwin, Australia by the Australian Bureau of Meteorology. [why was Pohnpei hatched?  also, only a 50 there?]
FIG. 2.  a) Map of the island of Papua New Guinea and environs, with the location of Momote Airport indicated by a red circle.  Tan and blue shading shows 0.5°x0.5° boxes classified as land or ocean in the TRMM dataset. b) Map of Manus Island and environs, including Los Negros Island just to its east where Momote Airport is located (red circle).  The TRMM gridbox containing the Manus profiler, as well as the boxes to its north, northeast, and east, are outlined in blue.
FIG. 3.  Uncalibrated reflectivity (dB) from the Manus profiler’s low-mode vertical beam for several hours during the calibration days a) 14 December 1992 and b) 28 January 1993.  The layer of high reflectivity near 4.5km is the bright band.
FIG. 4.  Uncalibrated reflectivity (dB) from the Manus profiler’s low-mode vertical beam for several hours during the calibration days a) 11 December 1992 and b) 27 January 1993.  The layer of high reflectivity near 4.5km is the bright band, while vertically extensive periods with very high reflectivity indicate XXX precipitation.
FIG. 5.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for PRC=65 on a) 14 December 1992 and b) 28 January 1993.
FIG. 6.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for PRC=110 on a) 14 December 1992 and b) 28 January 1993.

FIG. 7.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for a) PRC=108.6 on 14 December 1992 and b) PRC=120.8 on 28 January 1993.

FIG. 8.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for PRC=114.7 on a) 14 December 1992 and b) 28 January 1993.

FIG. 9.  Distributions of a) the height of the maximum reflectivity above 3km, b) the height of the bright band, and c) the difference between time-matched pairs of maximum-reflectivity height and bright-band height.

FIG. 10.  Number of profiles per month for which the maximum reflectivity occurred within 1 range gate (≤105 m) of the bright band.

FIG. 11.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 11 December 1992 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0.
FIG. 12.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 27 January 1993 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0.

FIG. 13.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 14 December 1992 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0.

FIG. 14.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 28 January 1993 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0.

FIG. Z.  Yada hada wada kada.
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FIG. 1.  The Trans-Pacific Profiler Network deployed by the NOAA Aeronomy Laboratory during the period 198x-200y.  Not shown are the 915-MHz systems deployed at Kavieng & Kapingamarangi during TOGA-COARE [shown with inset?] and aboard the R/V Ka’imimoana [add a fake ship in EastPac?] for zzzzz, and the 50- and 915-MHz systems deployed at Darwin, Australia by the Australian Bureau of Meteorology.  [why was Pohnpei hatched?  also, only a 50 there?]
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FIG. 2.  a) Map of the island of Papua New Guinea and environs, with the location of Momote Airport indicated by a red circle.  Tan and blue shading shows 0.5°x0.5° boxes classified as land or ocean in the TRMM dataset. b) Map of Manus Island and environs, including Los Negros Island just to its east where Momote Airport is located (red circle).  The TRMM gridbox containing the Manus profiler, as well as the boxes to its north, northeast, and east, are outlined in blue. [larger lat/lon labels; remove PSD note]
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FIG. 3.  Uncalibrated reflectivity (dB) from the Manus profiler’s low-mode vertical beam for several hours during the calibration days a) 14 December 1992 and b) 28 January 1993.  The layer of high reflectivity near 4.5km is the bright band.
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FIG. 4.  Uncalibrated reflectivity (dB) from the Manus profiler’s low-mode vertical beam for several hours during the calibration days a) 11 December 1992 and b) 27 January 1993.  The layer of high reflectivity near 4.5km is the bright band, while vertically extensive periods with very high reflectivity indicate XXX precipitation.
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FIG. 5.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for PRC=65 on a) 14 December 1992 and b) 28 January 1993.
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FIG. 6.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for PRC=110 on a) 14 December 1992 and b) 28 January 1993.
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FIG. 7.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for a) PRC=108.6 on 14 December 1992 and b) PRC=120.8 on 28 January 1993.
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FIG. 8.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall for PRC=114.7 on a) 14 December 1992 and b) 28 January 1993.
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FIG. 9.  Distributions of a) the height of the maximum reflectivity above 3km, b) the height of the bright band, and c) the difference between time-matched pairs of maximum-reflectivity height and bright-band height.
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FIG. 10.  Number of profiles per month for which the maximum reflectivity occurred within 1 range gate (≤105 m) of the bright band.  Time periods outside those studied are shaded.  [why did I use color instead of grey shading?!]
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FIG. 11.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 11 December 1992 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0. [remove title=filename]
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FIG. 12.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 27 January 1993 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0. [remove title=filename]
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FIG. 13.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 14 December 1992 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0. [remove title=filename]
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FIG. 14.  Comparison of gauge accumulated rainfall (thick black line) and profiler-estimated rainfall on 28 January 1993 for a) the surface-based PRC=114.7 and b) the satellite-based PRC=121.0. [remove title=filename]
a) Xb) X
FIG. Z.  a) Yada yada
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�See PSD Intranet for current affiliation.


�I will find references.


�I think this should be multiple sentences rather than multiple clauses with ;.


�This has changed.  I messed up track changes, so it doesn’t show as a change, sorry.


�I will work on this.  heavy is not what we want, uniform and longer duration, larger amounts of accumulation are terms that come to mind.


�No, bright band is well understood and descriptions are readily available from many sources, including AMS Glossary.


�This needs a paragraph.  We recomputed the reflectivity, correcting for as many variables as we can.  I’m working on this parapgraph.


�I will do this later:  drop all DSD stuff.  We assume MP Z-R relationship.  This is where I’ quitting 15 Dec.


�we can’t justify the 3rd decimal place with the instrument.


�Ended here 20160129
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