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I. Introduction

A major recommendation of the first Experimental Cimate Forecast Center (ECFC)
workshop held at Goddard Space Flight Center in 1987 was to strengthen the collaboration
between the ECFC and the National Meteorological Center/ Climate Analysis Center
(NMC/CAC) through the joint development of a climate research data base using modern
storage technology. In response to this recommendation, the ECFC at Goddard, together
with NMC and the University of Maryland Center for Ocean, Land, and Atmosphere
(COLA) has produced a reduced version of the second phase Dynamical Extended Range
Forecast (DERF II) data. Itis planned to provide this data on magnetic tape, as well as
compact disc through the National Climate Data Center NCDC).

The DERF data represents a major computational effort performed at NMC in order to.
better ascertain the potential for extended range forecasts and to develop a strategy for
performing operational extended range forecasts using dynamical models. The data of the
phase 2 experiment cons_ists of 108 consecutive thirty-day forecasts (staring 00Z each day)
beginning on 12/14/86, using the research version of the operational forecast model
(NMC, 1988). A major stumbling block for using this data has been the sheer volume of
data that must be processed in order to perform even the simplest of calculations. For
example, the data processed for this task involved a number of steps, which included first
obtaining a subset of the original 250 DERF II tapes and then reading and processing more
than 50 tapes consisting of seiected pressure level and surface data.

The product of the data reduction described in this document is a manageable data set
which fits comfortably on 5 magnetic tapes or on one compact disc. This was
accomplished through a combination of reducing the spatial resolution and choosing a
subset of fields that were deemed most valuable to the immediate users. The final product

represents (in addition to the authors) the efforts and support of a number of people



including Max Suarez, Eugenia Kalnay, Steve Tracton, James Kinter and Larry Marx.
Chapter II describes the details of the data reduction, together with samples of the original
and reduced fields, while chapter III shows how the data are arranged on tape/disc and

provides the formatting information needed to read it.

II. Data Reduction and Sample Fields

The fields selected from the original data for processing are the global post-processed
mandatory pressure level data in the form of spherical harmonic coefficients at a resolution
of rhomboidal 30 (R30). These fields consist of the In(surface pressure) , geopotential
height, ucos¢, vcosd, temperature, vertical velocity and relative humidity. In addition,
global surface data was provided on a gaussian grid with 102 points in the north-south
direction and 128 points in the east-west direction. The surface gridded fields included in
the reduced data base consist of surface temperature, soil moisture, snow depth, total
rainfall, convective rainfall, surface sensible heat flux, surface latent heat flux, surface
u-stress and surface v-stress.

The processing consisted of reducing the R30 resolution to triangular 20 (T20) and
area-averaging the gridded surface data to a 4° latitude by 5° longitude grid (72 x 46).
Table 1 gives the fields and the resolution of both the original and final fields. Most upper
level quantities wcx‘c kept at 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, and 50
mb. The exceptions are vertical velocity, which was kept up to 100mb and relative

humidity which was only kept up to 300mb.



A) Spectral Data

The spectral data was truncated at T20. For the scalar fields the truncation point is at
N=20 and M=20, where N is the total wave number and M is the zonal wave number. For
the winds the truncation point is actually at N=21 and M=20. The higher degree in the
winds is due to the relationship between the winds and the velocity potential and stream
function in spectral form.- For example, non-zero variance in the stream function at, say,
N=20 implies non-zero values in the winds at N=21 (see Bourke, 1972). The total
number of real components is then 2x252 or 504 for the winds, and 2x231or 462 for the
scalar fields. For convenience we have written the scalar fields with N=21 and M=20
where all N=21 components are set to zero. This avoids problems arising from the
different dimensions for the scalar and vector fields. Table 2 displays the triangular
truncation and shows the order of the spectral coefficients.

As a test of our reduction programs and to assist the users of this data, we have
reconstructed selected fields using both the original truncation at R30 and the truncation of

the final data at T20. These fields were produced using the following formulae for the

transformation routines:
M  N+J

f(h.0)=(2-8,) X X (aycosmr-by sinmi)Po(w )
m=0 N=m

where 8, is the Kronecker delta function, | = sin¢, and J=0 or M depending on whether

the truncation is triangular or rhomboidal, respectively. The Legendre functions are defined
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For convenience these functions [P(NY,NUM), NY=1,46 and NUM=1, 252] are provided
on tape at the same 46 latitude points as the gridded data. See Table 2 for the ordering of
the functic_ms in terms of N and M. Figures 1- 7 show the surface pressure and upper air
fields at 500 xhb using both truncations for the 24-hour forecast fields verifying on Dec 15,
1987.

B) Cridded Data

As a first step the gridded data-was unpacked and linearly interpolated in latitude to a
~ regular grid with essentially the same resolution as the gaussian grid (1.875° in latitude).
Some selected fields of this high-resolution data set were saved to disc for comparisons
with the final low-resolution fields. The high-resolution fields were then area-averaged to
reduce the resolution to 4 degrees in latitude and 5 degrees in longitude. Samples of the
high-resolution (128,97) and low-resolution fields (72,46) are shown in Figures 8-16 for
the 24-hour forecast verifying Dec. 15, 1987. The order of the gridded data y(i,j) is such
that y(1,1) is the South Pole and the Greenwich meridian, with latitude increasing with
increasing j and longitude increasing with increasing i.

The low-resolution fields were packed in INTEGER*2 format before writing to tape.
Only the gridded data was packed and the unpacking routine is provided in APPENDIX A.
It should be noted that the precipitation, surface fluxes of sensible and latent heat and the

surface u- and v-stress components are unreliable for the 00Z fields.



III. Data Format

The records were written in the following order. For each analysis period the initial
conditions (00Z) and all 30-day forecasts starting from that day were written on a daily
basis. The first set of records consists of the surface (gridded fields) and the second set of
records consists of the spectral data. The upper level data is organized by level, i.e., all
quantities at 1000mb are written, then all quantities at 850mb are written, etc. Table 3

shows the sequence of records, and Table 4 provides information needed to read the tapes.

IV. Ordering Information

The DERF-II data is available from NCDC. For further information, please contact:

Stephen R. Doty

National Climatic Data Center
Federal Building

Asheville, North Carolina 28801
Tel: 704 - 259 - 0475




V. Appendix A
The following routine may be used to unpack the surface gridded data.

SUBROUTINE UNPAC (RMIN, RMAX, LEN, RDATA, IDATA)
C RMIN: MINIMUM OF DATA FIELD (FROM TAPE), REAL
C RMAX: MAXIMUM OF DATA FIELD (FROM TAPE), REAL
C LEN: SIZE OF RDATA AND IDATA (72 x 46), INTEGER
C RDATA: REAL OUTPUT ARRAY
C IDATA : INTEGER*2 INPUT ARRAY (FROM TAPE)

DIMENSION RDATA (LEN)

INTEGER*2 IDATA(LEN)

REAL*8 C1, C2

Cl= RMAX+RMIN

C1=C12.0

C2= RMAX-RMIN

C2=65534./C2

DO 20 L=1,LEN

RDATA(L)=IDATA(L)/C2 + Cl1
20 CONTINUE

RETURN

END
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‘ Table 1. List of Quantities and the Original and New Resolution
Quantity Original Resolution! New Resolution Units ~ Notes.

Surface Skin Temperature 128 x 102 72 x 46 X
Soil Moisture 128 x 102 72 x 46 mm maximum=150 2.
Snow Depth 128 x 102 72 x 46 mm maximum=50000.
Total Rainfall 128 x 102 72 x 46 mm 24-hr accumulation
Convective Rainfall 128 x 102 72x 46 mm 24-hr accumulation
Surface Sensible 128 x 102 72 x 46 W/m**2
Heat Flux
Surface Latent 128 x 102 72 x 46 W/m**2
Heat Flux
Surface U-stress 128 x 102 72x 46 N/m**2
Surface V-stress 128 x 102 72 x 46 N/m**2
Surface pressure (p*) R30 T20 cb actually saved as

' natural logarithm

. of p*

Height (z) R30 T20 meters
u cos ¢ R30 T20 m/sec
v cos ¢ R30 T20 m/sec
Temperature R30 T20 K
Vertical velocity R30 T20 mby/sec
Relative humidity R30 T20 percent

1 Gaussian Grid has 102 latitude points.

2 Both the original and reduced data fields have some values slightly larger
(eg. 150.002). This appears to be due to a combination of the packing/
unpacking and averaging routines and are at the level of the machine
precision. - Similarly for the snow depth.

9
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TABLE 2. Spectral Coefficients Stored in An Array X(2,252)

Note: The order in which the sine (b(j)) and cosine (a(§)) coefficients are saved is given below.
See equation in the text.

O NWH LA ~]00\O

=W ARULMO )N

(=]

TRIANGULAR TRUNCATION (N=21, M=20)

43
42
41
40
39
38
37
36
35

1

63
62

2

82 100 117 133 148 162 175 187 198 208 217 225 232 238 243 247 250 252
81 99 116 132 147 161 174 186 197 207 216 224 231 237 242 246 249 251
80 98 115 131 146 160 173 185 196 206 215 223 230 236 241 245 248

79 97 114 130 145 159 172 184 195 205 214 222 229 235 240 244

78 96 113 129 144 158 171 183 194 204 213 221 228 234 239

77 95 112 128 143 157 170 182 193 203 212 220 227 233

76 94 111 127 142 156 169 181 192 202 211 219 226

75 93 110 126 141 155 168 180 191 201 210 218

74 92 109 125 140 154 167 179 190 200 209

73 91 108 124 139 153 166 178 189 199

72 90 107 123 138 152 165 177 188
71 89 106 122 137 151 164 176

70 88 105 121 136 150 163

69 87 104 120 135 149

68 86 103 119 134 X(j)=a(), j=1,252
67 85102 118

66 84 101 X (2,)=b (), j=1, 252
65 83

3 4 56 7 8 91011 12 13 14 15 16 17 18 19 20

m

10



Table 3. Order of Records
Note: The surface data is packed in INTEGER*2 format. Note that the April analyses
include only the spectral data.

INTEGER*2 ITS(72,46),ISM(72,46),I1SD(72,46),ITR(72,46),ICR(72,46),I1SH(72,46),
ILH(72,46), IUS(72,46), IVS(72,46)

DIMENSION PS(2,252), Z(2,252), UC(2,252),VC(2,252),T(2,252),W(2,252),RH(2,252)

FHR: forecast length 0, 24, 48, ...... , 720 hrs (REAL)

IYR, IMON, IDY, IHR: year, month, day and hour of initial state (INTEGER)
RMIN: minimum of gridded data (needed for unpacking) -(REAL)

RMAX: maximum of gridded data (needed for unpacking) (REAL)

a) Surface data: For each analysis period the surface fields are written first
(FHR =0, 24, 48, ...... 720) in the order given below.

Record number Data
1 FHR,IYR,IMON,IDY,IHR
2 RMIN,RMAX,ITS surface temperature
3 RMIN,RMAX,ISM soil moisture
4 RMIN,RMAX,ISD snow depth
5 RMIN,RMAX,ITR total rainfall
6 RMIN,RMAX,ICR convective rainfall
7 RMIN,RMAX,ISH sensible heat
8 RMIN,RMAX,ILH latent heat
9 RMIN,RMAX,IUS surface u-stress
10 RMIN,RMAX,IVS surface v-stress
}é FHR,IYR,IMON,IDY,IJHR
etc.
310 RMIN,RMAX,IVS surface v-stress

11




Table 3. Order of Records (Continued)

b) Spectral data: The spectral data is written next for each forecast period

WCOONAWN A~ W

(FHR =0, 24, 48, ...... 720) in the order given below.
Note that relative humidity extends up to 300mb and the
vertical velocity extends to 100mb.

FHR,IYR,IMON,IDY,IHR
PS natural logrithm of surface pressure
yA 1000 mb height

ucC : ‘ ' u cosd
vC v cosd

temperature
w . vertical velocity
RH relative humidity
Z 850 mb

yA ' 700 mb

y4 500 mb

yA 400 mb

yA 300 mb

12



Table 3. Order of Records (Continued)

39 Z 250 mb
40 uC

41 VC

42 '

43

44 Z 200 mb
45 ucC

46 VC

47 T

48 w

49 Z 150 mb
50 UC

51 VvC

52 T

53 W

54 Z 100 mb
55 ucC

56 VvC

57 T

58 w

59 yA 50 mb
60 UC

61 VC

62 T :

63 FHR,IYR,IMON,IDY,JHR

1922 T

For each analysis/forecast period there are a total of 310+1922=2232 records. Each of
the first 4 tapes contain 4 files where each file consists of 6 analysis/forecast periods. For the
fifth tape the first and second files are as described above and complete the set of 108
forecasts through March 31, 1987. The third and fourth files are as follows: The third file
contains all the analyses for the month of April to permit verification of the forecasts made in
March. This includes only the spectral data (Z, UC, VC, T, RH) and excludes the vertical
velocity and surface pressure fields. The order of the records is otherwise the same as listed
in Table 3. The gridded surface data was also not available. The fourth file contains the
Legendre functions on a 4° latitude grid to help in the back transform of the spectral data.

The format for reading the Legendre functions is given below.

DIMENSION P(NY,NUM) : Legendre functions defined in equation 2. The order of the
functions is given in Table 2.

C

C NY: 46 latitudes with the first at the South Pole.

C NUM: 252 spectral modes. See Table 2.

DO 20 L=1,NUM

READ(8) (P(J,L),J=1,NY)
20 CONTINUE

13



Table 4. Tape Information

The first 4 tapes each contain 4 files. Each file contains 6 analysis/forecast periods
(initial state and 1-30 forecast). Similarly for the fifth tape for the first 2 files. The
third file on the fifth tape contains the spectral data for the April analyses and the
fourth file contains the Legendre functions (P(NY,NUM)). The file names are given
below.

Tape File Name

1 1 YBSDS.DERF.D1214.D1219
1 2 YBSDS.DERF.D1220.D1225
1 3 YBSDS.DERF.D1226.D1231
1 4 YBSDS.DERF.D(0101.D0106
2 1 YBSDS.DERF.D0107.D0112
2 2 YBSDS.DERF.D(0113.D0118
2 3 YBSDS.DERF.D(0119.D0124
2 4 YBSDS.DERF.D0125.D0130
3 1 YBSDS.DERF.D0131.D0205
3 2 YBSDS.DERF.D0206.D0211
3 3 YBSDS.DERF.D(0212.D0217
3 4 YBSDS.DERF.D(0218.D0223
4 1 YBSDS.DERF.D0224.D0301
4 2 YBSDS.DERF.D0302.D0307
4 3 YBSDS.DERF.DQ0308.D0313
4 4 YBSDS.DERF.D0314.D0319
5 1 YBSDS.DERF.D(0320.D0325
S 2 YBSDS.DERF.D0326.D0331
5 3 YBSDS.DERF.APRIL.ANLY
5 4 YBSDS.DERF.LEGR.GRD46

The tapes were written at 6250 BPI using RECFM VBS LRECL 19065 BLOCK 19069

14



LATITUDE

b)

m
Q

LA IUE

Fig. 1. Surface pressure for 24-hr forecast verifying December 15, 1987. a) R30
truncation and b) T20 truncation. Contour interval is 40 mb.
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Fig. 2. Same as Fig. 1, except for 500mb height. Contour interval is 60 meters.
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Fig. 3. Same as Fig. 1, except for u wind. Contour interval is 5 m/s.
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Fig. 4. Same as Fig. 1, except for v wind. Contour interval is 5 m/s.
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Fig. 5. Same as Fig. 1, except for temperature at 500mb. Contour interval is 5 °K.
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Fig. 7. Same as Fig. 1, except for relative humidity (in percent). Contour interval is 5.
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Fig. 8. Surface temperature for 24-hr forecast verifying December 15, 1987. a) High-
resolution grid (128, 97) and b) low-resolution grid (72,46). Contour interval
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Fig. 9. Same as Fig. 8, except for soil moisture. Contour interval is 30mm. Maximum
value is 150. See footnote to Table 1.
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Fig. 10. Same as Fig. 8, except for snow depth. The nth contour is 3x5n. Units are mm.
Values greater than 100 have light shading. Values greater than 40000 have
heavy shading. Maximum value is 50000. See footnote to Table 1.
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Fig. 11. Same as Fig. 8, except for total rainfall (24-hr accumulation). Contour intervals
are 1,2,4,8,16,32, etc. mm .
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Fig. 12. Same as Fig. 8, except for convective rainfall (24-hr accumulation). Contour
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Fig. 14. Same as Fig. 8, except for surface latent heat flux. Contour interval is 30 W/m?2
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