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1. SCOPE

As an integral part of the Large Area Crop Inventory Experiment (LACIE)
which is sponsored by the Department of Agriculture (USDA), the National
Oceanic and Atmospheric Administration (NOAA) and the National Aeronaétics
and Space Administration (NASA), continued building of daily and monthly
data bases to test various advanced wheat yield models is an active objec-
tive and goal. The People's Republic of China (PRC) is one of the largest
agricultural countries in the world. Winter and spring wheat 1s one of its
major crops; therefore, a knowledge of China's crop production is very
important to the LACIE Project. The China data base comsists of meteorolo-
gical information in the form of daily precipitation and maximum and mini-
mum temperatures and the&r monthly totals and averages, respectively, for
about 95 weather stations covering the entire winter and spring wheat produc-
tion area of China over the period 1965 through 1975. The daily and
monthly meteorological information was built up from synoptic (4 or 8§ times
daily) weather observations available on magnetic tape from the National
Climatic Center (N.C.C.) in Asheville, North Carolina.

There are three major sets of computer algorithms for building the
China data base, that is: 1) the least squares interpolation; 2) modified

version of the max-min program; and 3) the AOV procedure.

The least squares interpolation algorithm is used to gemerate input
variables; the modified version of the max-min program is used to generate
daily and monthly p%ecipitation and max-min temperatures; the analysis of
variance algorithm is used to carry out a simple statistical hypothesis
test on the digital‘estimated data. The China data base 1s consldered
complete and unique. It may be the only one of this kind of meteorolo-
gical data existing outside, or inside the People's Republic of China.



2. APPLICABLE DOCUMENTS

Action Documentation .(AD) 63-1347-3763-54, China PData Base,
June 28, 1977

AD 63-1557-4963-22, YES Data Base Maintenance, Oct 17, 1977.
Job Order 73-763

"As-Built" Design Specification for Historical Daily Data Bases
for Testing Advanced Models (JSC-12891; LEC-10572), April 1977.
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3. System Description

CHINA SYNOPTIC DATA SOURCE

A total of 32 tapes were obtained by the Center for Climatic and
Environmental Assessment (CCEA) from the National Climatic Center (NCC)
in Asheville, North Carolina, covering World Meteorological Organization
(WMO) blocks, 53, 54, 57 and 58 in China for the years 1965 through 1975.
;Data were contained in 3 tapes per year except for 1968 which has only
ia2 tapes. ‘These tapes, containing synoptic data (i.e., 4-8B obsgervations
'per day) for all reporting weather stations within these blocks, are
recorded in NCC deck format 9685,

CHINA DATA BASE DESIGN

A total of 95 WMO weather stations providing uniform coverage of the
entire winter and spring wheat production area of China (see map on

page 3.3), was selected on the basis of relative reliability and con-
sistency of record, Daily precipitation and max-min temperatures are the
major meteorclogical variables generated for the 95 representative wea-
ther stations covering the entire winter and spring wheat production area
of China over the period from 1965 to 1975. Daily data were stored in the
magnetic tapes in the following format:

Character String Content
{per record)

1-6 Station mumber

7~-8 : Year

9 - 10 Month
11 - 12 Day
13 Blank
14 - 16 Paily Maximum temperature¥®
17 - 19 . Daily Minimum temperature¥*
20 - 22 Blank

23 - 26 Precipitation ##%

# Temperatures are in whole degrees Fahrenheit with a leading minus
sign if negative; missing temperature observations are denoted by 999.
*% Precipitation is in hundredths of inches with no decimal points;
missing precipitation iz indicated by 9999. The above format is known
as the Modified Kansas Format {as opposed to NCC Format).



Monthly data were generated by a separate computer program; output is

available in hard copiles containing the following information:

l. Station

2, Year

3. Month

4. Monthly average maximum temperature
5. Monthly average minimum temperature
6. Monthly total precipitation

7. Total number of observations

8. Nuwmber of missing observations

9, Total annual precipitation

This section describes the system software, Apvendices A, B, and
C contain detail flowcharts for subroutines used.

3-2



i * . -uy . \5; M iy
/C) . (o) f ° . ' o 91
‘ — - R 23 *

~ . )
HE WMo WEAT}{ER STATIONS IN CHRNFA
NG . O

5 -
Qo8
P 606% /_’ &

2 .

895
o 4
1274 —
PS4 N
757 O S5 =
59is3 O w1
7707 739 T4 o

% 753
2158
SF1ne

71
748 L

. o o 442 472 28, 2% . kTS RES 59;5
N -\R”O . VA 4 N 0asQe2 o 31y - . RN EO L.
OnlCF) Lo 501 Tas O 738
a4 ;60

— Sg¢ 2 o/ ) 0475‘0. €
. O oftron ooa Fapn 2L Tee
L . ey o —&2en \:8‘", 3.3 ORIG]NAL PAGE 18 1747779 13589




3.1 HARDWARE DESCRIPTION

All computer algorithms described in this document were written in
standard FORTRAN language and will operate on any IMB 360/370 system
with FORTRAN compiler and with 1600 BPI magnetic drive. They will also
operate on mini-computer systems such as PDP 11/50 with FORTRAN compiler
and 800 BPI with minor change.

3.2 SOFTWARE DESCRIPTION

3.2.1 THE DERIVATION OF INPUT VARIABLES

The|1east squares interpolation computer algorithm was designed to
generate a complete set of monthly temperature ranges. The monthly
average daily témperatu&e ranges for each weather station are needed as
input variables to the max-min program to generate the daily maximum

and ninimum temperatures for each month. The program consists of one
main program and seven subroutines i.e., SUM, COR, LSTSQ, MEQSOL, GRAPH,
STANDV AND MULTR, and one IBM built-in library routine, PLTSCT, which is
used to plot the scatter diagram for the input data; the above subroutines

can be found in computer literature and journals.

SUBROUTINE SUM

This subroutine is used to calculate the total of Input observations such

as X, Xz-and Y and Yz,

SUBROUTINE COR

This subroutine is used to calculate the correlation coefficient () of
the input data, the correlation coefficient is used as a criterion to
determine whether a straight line or a 2nd degree curve fits a given set
of data; that is, if |r|> 0.7, a straight line should be fitted;

otherwise, a higher degree curve is required.
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SUBROUTINE LSTSQ

This subroutine is used to determine the best fitting equation by
establishing the proper matrix equation AX = B

For example, if a linear least squares equation is needed

then,

N =X ¢, =Y
A= % 2xi ) X= . Y Z XN

vhere Ci are the coefficients of the least squares equation. For
higher order least squares polynomials, the elements of different
matrices will be changed automatically by this subroutine.

SUBROUTINE MEQSOL

This subroutine is used to solve the matrix equation AX = B which has

been determined by the subroutine LSTSQ. ORIGINAL, PAéE IS

OF POOR QUALITY
SUBROUTINE GRAPH

This subroutine is used to plet the least squares equation In the X - Y Plane.

SUBROUTINE MULTR

This subroutine is used to calculate the multiple correlation
coefficient (RMULT) which serves as the criterion to determine if a 2nd

degree or higher order least squares equation is needed.

SUBROUTINE STANDV

This subroutine is used to calculate the standard deviatlion of a given

get of data points; this subroutine is needed in the subroutine MULTR.

3.2.2, THE COMPUTATION ALGORITHMS

There are two major computer algorithms for building the China data
bases. One for generating the daily data and the other for generating
monthly data. All programs are written in standard FORTRAN language.
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The computer program for daily data is a modified version of the max-min
program vhich is basic to the non-linear statistical model developed by a
research team at Kansas State University led by Dr. Arlin Feyerherm,
Professor of Statistics. Complete information about the max~min program
can be found in the "As-Built Design Specification for Historical Daily
Data Bases for Testing Advanced Models", prepared by Buddy H. Jeun and K.
Williams and published by the National Aeronautics and Space Administration
(NASA), Lyndon B. {ohnson Space Center, Houston, Texas 77058, April 1977.

In generating daily precipitation for the PRC, the precipitation amounts
reported at synoptic hours 0600, D900, 1200, and 1800 (GMT) were totaled.
(When a similar application was carried out for the USSR only 0600 and 1800
(GMT) observations were summed). The reporting conventions differ region-
to-region and must be verified locally by summing the data by day, month,
and year. The computer algorithm that generates the monthly meteorclogical
data, i.e,, average maximum and minimum temperature and total precipitation,
consists of one main routine and five subroutines, which are SORTMD, DMEAN,
TOTAL, ANP and PBAR, and one built-in function, i.e., EXTERNAL SIGN,

which is used to distinguish 1f the observation is blank or zero, since
blank denotes a missing observation for maximum and minimum temperatures

and for precipitation, the missing observation is denoted by 9999.

SUBROUTINE SORTMD

This subroutine is used to sort the daily observations by month; in
doing so, for every station, the maximum and minimum of temperatures and

precipitation for every month are sorted out.

SUBROUTINE DMEAN

This subroutine is used to calculate the average maximum and minimum
temperatures for each month. At the same time, it also keeps track of the
number of missing temperatures by the argument ICOUNT and KOUNT. In this
subroutine, ICOUNT represents the number of missing observations for the
maximum temperature and KOUNT represents the number of missing observations

for the minimm temperature.



SUBROUTINE TOTAL

This subroutine is used to calculate the sum of a given set of observations.
Input arguments are N, DB and output arguments are SUM and KNT, where N is the
number of observations. D2 1s an array of N observations. SUM is the total

value of N observations, KNT is the number of missing observations.

SUBROUTINE PBAR

This subroutine is used to calculate the monthly total of precipitation to
each station. Input argument PC is an array of N observations of pre-

cipitation. Output argument PAV is the monthly total of precipitation.

SUBROUTINE ANP

This subroutine is used to calculate the annual precipitation to each weather
station. Input arguments are STATN, YEAR, N and VP; output arguments are BP

and the misging observations are represented by ICOUNT.

GE IS
.2.3. THE EVALUA 0 P ORIGINAL
3.2.3 EVALUATION OF OUTPUT VALIDITY OF POOR QUALITY

The analysis of wvariance.

This analysis of variance computer algorithm was designed to test the
reliability of the monthly data derived from the modified version of the
max-min program. A few weather stations were selected for a study comparing
the estimated means with PRC published means obtained from the USAF through
the National Climatic Center at Asheville, North Carolina and other reliable
records from the Hong Kong Royal Observaiory and Chinese educational institu-
tions obtained through personal correspondence. The six stations for which
comparative monthly temperature data are available are shown on the map on
page 3-9. They are confined to the more humid eastern portions of China but
they do give a good temperature range north-south across the major wheat-
producing area. The tables and graphs (page3-10 through 3-21)include individual

monthly average temperatures (EST) as summarized from the computed daily

3-7



max-min values alongside the most reliab}e check data (PUB) available,
Whether the check data are true internal published amounts or "usually
reliable" figures is not known. An analysis of variance (page 3-22
through 3-24) indicates that the estimated mean monthly temperatures are
not significantly different from the available check data. The null hypo-
thesis of the analysis of variance is tenable.

For precipitation, only four stations were supplied for comparison (pages
3-25 through 3-29). The WMO station numbers are the same as in daily
source tapes but it is suspected the pairs of records compared may come
from different, but proximate, rain gauges. Nevertheless, the monthly

and annual precipitation totals compare favorably.



SEIECTED WMO WEATHER STATIONS
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MONTHLY AVERAGE TEMPERATURE

CHI-NAN
54823
1965 1966 1967 1968 1969 1970
MONTH | EST PUB | EST PUB | EST PUB |EST PUB |EST PUB |EST PUB
'z
JAN -0.38 -0:1 -3.63¢{ 0.3 |~2.70 {-1,1 |-3.27 {-1.3 |=-4.66 {-3.4 |-3.86 |-1.8
FEB 2.70 1 2.7 3.56 4,2 |-0.18 { 0.4 {-3.16 {-1.3 |-4.86 |-3.2 | 0.35 | 2.7
MAR 8.20 7.8 6.54 7.6 7.25 8.6 7.43 9.4 3.37 5.2 3.21 5.2E
APR 11.88 [12.7 |113.84 |15.1 }14.50 |16.1 [14.84 |[16.7 }11.81 (14.0 |13.04 15.1’
MAY 22.48 122,9 | 21.88 {22.7 {23.58 [ 25,5 121.29 [22.3 |19.68 |21.4 [19.42 |21.5
JUN 26,00 1 27.1 {24.50 | 26.4 |25.60 |27.3 | 26.83 |28.4 {23,76 |26,0 |22.80 |24.8
JUL 27.23 [27.7 {27.15 | 27.8 {27.48 |27.8 |25.56 [28.7 {25.60 (27.5 |24.82 {26.4
AUG 24.89 |25.5 [ 27.15 | 28.1 |27.48 | 28.1 [ 25.56 [26.5 [25.60 |26.9 24.82 [25.9
SEP 23.50 [ 23.3 |19.47 [ 20.6 {18.98 [20.2 [21.46 [22.8 {19.92 |21.2 [19.42 121.2
OCT 20.12 {17.6 [ 14.79 |15.9 |14.66 [16.2 |12.69 |14.2 {14.58 [16.4 |14.31 |16.3
NOV 9.14 | 9.0 8.33| 9.4 | 4,46 | 6.1 | 7.27 | 8.8 4.84 | 6.7 | 5.50 | 7.2
DEC 1.20§ 1.2 [-2,10 |-1.0 |-4.16 |-3.0 ] 1.42 | 3,2 {-1.66 [ 0.3 | 0.46 . 1.5
ORIGIN ‘—’Pfu]s
« POOR QU
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MONTHLY AVERAGE TEMPERATURE

TA-LIEN
#54662
|
1965 1966 1967 1968 1969 1970 |
MONTH | EST PUB EST PUB EST PUB EST PUB EST PUB EST PUB
IAN | =5.60 | 4.7 | ~6.20 | 4.5 | -6.80 | -5.2 {-5.16 |-5.8 |-8.80 |-7.1 |-7.35 |~6.0!
FEB | -2.96 | ~2.3 [=3.58 {-1.6 |-4.95 | ~4.0 (~5.46 |-6.6 -9.28 [=7.4 |~4.17 |-2.1
MAR | 1.76| 2.3]-0.33 | 1.2 | 1.52| 3.4 | 4.29 | 3.1 [-1.82 |-0.2 |-2.68 |-0.8;
APR | 7.03| 7.7 5.87 | 7.9 | 7.00 | 9.0 [10.81 9.8 | 6.35 | 8.4 | 7.93 | 9.7,
MAY |14.83 |15.7 |14.26 |15.9 [14.29 | 16.6 |15.10 [14.0 |13.02 {15.0 |14.31 |16.5
JUN  |19.76 | 20.1 | 17.48 |18.0 | 17.40 | 29.4 |20.34 |19.2 |17.44 |19.2 |16.25 |18.3
JUL  |22.00 | 23.1 |21.71 |22.6 | 21.90 | 23.5 {22.26 !23.4 |21.37 |22.5 |20.67 {21.6
AUG | 22.13 | 22.6 | 23.34 | 24.6 | 24.00 | 25.3 |22.60 |24.1 |22.34 |24.0 |22.33 |23.8]
SEP  |20.69 | 20.7 |17.27 |18.5 |17.11 |18.7 [19.50 |20.7 |18.75 |19.8 [18.50 [20.1
ocT |{16.19 [15.5 [13.23 {14.2 [13.36 |14.7 110,68 '12.3 |11.83 ,14.0 |13.03 E14.3,§
Nov | 5.53| 6.0 5.47 | 6.9 | 2.38| 3.9 5.72° 7.1 | 3.70 | 4.8 | 4.22 | 5.9;
DEC |-2.77 {-2.1 |-5.50 | -4.0 | ~6.80 | -5.4 |—1.65 0.4 '-3.71 |-1.9 |-2.25 *0.65
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MONTHLY AVERAGE TEMPERATURE

NANKING

#58238
’ 1965 1966 1967 1568 1969 1970
:MDNTH EST PUB EST PUB EST PUB é;? PUB EST PUB EST PUB
aaN | 3.41{ 3.8 |2.36| 2.9 |0.96 1.4 [0.35 1.5 |-0.15] 1.3 [-0.68| 0.8
FEB | 4.37| 5.1 |4.90| 5.9 |2.88] 3.8 | 0.76| 1.8 |-1.56| 0.3 |4.02] 5.2
MAR | 7.58| 7.9 |8.81 9.7 |8.04| 8.8 | 8.73| 9.7 | 5.57| 7.1 |4.60] 5.9
APR  (12.10{ 12.7 [13.84 14.6 [13.33| 14.5 [16,00{ 15.1 [13.69 | 14.6 [12.89| 14.0
MAY 20,31 | 20.9 [18.61| 19.8 [20.04 | 20.7 [20.78 19.8 [20.10| 21.3 [18.63| 20.0
JUN 23.41 1 23.6 [|23.51 1 24.8 |25.51( 26.0 25.67 | 24.9 {22.10| 23.7 |22.01] 23.3
JuL  |27.99| 28.4 {27.86| 28.9 l27.36| 28.2 [27.20( 26.8 f25.12 26.6 |26.55] 27.2
AUG  |25.26| 25.9 |[28.56 | 29.6 |29.49| 30.5 {26.43! 27.4 |26.98| 28.4 [27.39| 28.2
SEP  |21.52| 22.0 [19.96 | 21.1 [21.73| 23.0 [21.98] 23.1 [22.96| 24.1 [21.39| 22.6
oct  he.91]|17.0 [5.76] 17.0 114.95] 16.4 [4.55] 15.4 [i6.21{ 17.1 "[16.15 | 17.4
Nov  |11.31|11.9 [9.18)10.4 |8.31] 9.8 [11.22]11.9 | 6.79) 8.3 | 8.86] 10.C
DEC | 2.21] 3.4 |2.26] 3.0 |-0.56|~0.1 [5.92] 7.5 |2.00] 3.2 |3.32] 4.7
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MONTHLY AVERAGE TEMPERATURE

CHANG~-CHUN
#54161
]
1965 1966 1967 1968 1969 1970

MONTH| EST | PUB | EST | PUB | EST | PUB | EST | PUB | EST | PUB | EST | PUB
-JAN | -15.49| -15.9| ~16.87 ~16.9| -14.27| ~14.4|~18.43|-17.8| -17.72|~17.8]-20.73|-20.5
FEB |-13.61| -14.0| -10.24! -9.8|-10.92|-11.2{-16.43{-16.4{-15.95(-15.8|-14.20{-13.4,
MAR | -4.25| 4.5 -5.22| -4.8 -1.72] -1.3| -2.00{ -1.8| -4.36| ~4.7| ~8.15 8.1
(spR | 5.220 4.7 6.26) 6.0 7.48] 7.6 10.15] 9.5 6.37] 6.0] 8.10] 7.9/
MAY | 15.29) 14.9) 15.78) 16.1) 17.68) 17.4) 15.11} 15.3 12.93) 13.3| 15.66 15.9'
louN | 21.51] 21.3 20.40, 20.3] 19.00| 18.9 19.11] 18.9] 18.02| 17.9 22.39| 21.9
quL | 22.88 22.3) 22.52 22.4] 23.24] 22.9] 24.36] 23.7] 22.75| 22.6| 22.13 21.7)
AUG | 20.83 20.4] 21.42° 21.5 23.25 23.4 21.01] 21.2] 20.61| 20.5| 22.28 22.1%
SEP | 16.25 15.2 13.94 13.8 15.90 15.2% 15.07. 14.9] 14.44| 14.4] 15.06 15.2.
ocr | 8.8 7.9 s.38 8.7 9.2 8.7 6.12' 6.2 6.65 7.1l 7.22| 7.5,
NOV | <4.30] ~6.1] ~4.08 -3.2 -6.73 —6.1%—-3.98§ ~3.3] -6.93 ~6.6| -2.72| ~2.4,
DEC 5—14.81 -15.3/-15.95 —15.9I~1s.3o;—17.9;w10.04‘ -9.21—16.81;-16.1§-12.42 ~12.6;
: ! * ' |
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MONTHLY AVERAGE TEMPERATURE

PEKING
#54511
1965 1966 1967 1968 1969 1970
MONTH | EST |PUB |EST |PUB |EST |PUB |EST |PUB |EST |PUB |EST |PUB |
]
JAN [-7.06 |-4.9 |~6.50 [~5.7 |-6.08 {~4.8 |-6.96 [~5.6 [-8.22 |~6.4 [-7.04 ~5.6:
FEB | -1.41 |-1.7 |-2.43 |-2.5 [-4.79 |-3.3 {-6.37 |-4.9 |-7.15 |-5.1 |-4.03 |-2.0°
MAR 4,50 | 4.4 | 1.70 | 3.4 | 3.63 | 4.8 | 4.38 | 5.7 [-0.15 | 2.1 |[-0.10 | 2.0
APR | 10.65 |10.9 [10.51 [12.6 {10.45 |12.8 [12.11 {14.2 [10.34 [12.9 [11.31 13.6
MAY |20.35(20.8 [17.79 |19.7 |{20.63 |22.1 |17.61 |20.3 {16.96 |19.3 |16.59 19.7
JUN |23.98 |24.6 | 22.28 | 23.8 {21.16 |23.7 |23.06 |25.5 |20.92 |23.3 {20.12 122.8
'JUL | 25.87 | 26.9 [24.02 | 25.6 |23.63 | 25.3 [25.47 |26.9 |23.13 |24.6 |23.16 ;24.8
| avc 24,19 |24.8 | 23.94 [25.0 [23.72 | 25.1 {22.68 [24.2 122,12 |24.2 {22.51 527.8
SEP | 20.83 |20.2 [17.35 |18.7 [16.67 [18.3 {17.99 |19.7 [17.56 |19.6 17.69 é18.9
0CT }16.20. 114.1 (11.42 {12.8 [11.44 13.0 | 9.83 |11.2 10.19 [12.3 |11.31 :13.0
| NOV 5.42 | 4.6 2.50 | 3.7 | 0.49 | 2.0 | 2.86 | 3.9 1.38 | 2.8 | 1.39 . 3.0
Enzc -4.10 [-3.9 | 5,70 | -4.7 |=7.59 |~6.0 |~3.25 |-1.7 '-5.09 |-3.4 |~4.40 -3.1
L i
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MONTHLY AVERAGE TEMPERATURE

SHANGHAT
#58367
‘ 1965 1966 1967 1968 1969 1970
' MONTH |EST |PUB |[EST |PUB |EST (PUB |EST |PUB |EST |PUB |EST |PUB i
' JAN 4.56 { 5.1 | 3.62 | 4.3 1.42| 2.0} 1.85|.2.8 2.10| 3.6 | 0.81 | 2.0
| ¥EB 4,98 | 5.7 | 5.55| 6.6 | 3.50| 4.0 { 0.34 | 1.8.| 0.93 | 2.6 | 4.80 6.05
MAR 7.34| 7.7 | 9.25 }10.2 | 8.08 | 8.7 | 7.94 | 8.8 | 5.37 | 6.8 | 4.87 | 6.0,
APR  111.10 [12.2 |13.36 [13.8 |12.88 |13.6 |14.11 |13.7 |12.91 |14.2 {11.67 13.1E
MAY |19.06 [19.5 }17.64 |19.0 {18.18 [19.3 [18.98 |18.7 |18.55 {19.6 [17.70 18.7!
JUN  [21.29 |22.2 {22.49 [23.6 | 23,91 |24.3 |22.90 {22.6 |21.31 |22.5 |21.19 [22.1
JUL | 27.28 |28.1 |26.09 |27.1 |27.03 {28.0 |27.07 [26.7 [25.68 |26.7 |26.73 |27.1
AUG | 26.46 |26.9 |27.44 [28.6 |28.53 |29.5 {26.37 [27.5 |27.10 128.0 [26.89 28.1;
SEP ;21.96 22,7 |21.10 {22.3 [ 23.14 {24.0 {22.57 [23.7 {23.96 |25.0 {23.85 |24.,7"
ocr  18.09 |18.0 |16.66 |18.1 |17.10 |18.4 |16.08 |17.4 {16.42 |18.0 |17.55 18.5:
Nov 13,31 |13.9 [11.13 {12.6 [11.04 [12.5 |12.19 [13.3 | .26 |10.3 [11.22 11.8 ,
DEC  4.26 | 4.9 | 5.19 { 6.1 |-0.04 | 1.0 { 7.88 | 9.5 3.93 | 4.9 | 5.87 6.9i
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e

ANALYSIS  OF  VARIANGE
SOURGE DEAREES| -SuM
VARIATIONS | freRgom sm?:fngs MEA SARRE | F - RATIO
BETWEEN GROUS | P-t | BSS | BMS=BSS(p-1)
WITHIN GROUPS | N=-P | WSS | WMS<=mHsS/oep F:Bw%m
TOTAL N-1 | TS8

NHERE P IS THE & OF GROUPS

N IS THE # OF OBSERVATIONS
Ri IS THE % of 0fﬂSERVATMN PER  gROUD

TSS *—"Zz Xy - (Z-?ij) N
BSS =3 (5 X3/A (5T X5 )/A

S -E X >;<;x&,>ﬁzb

=1,8,3~
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MONTHLY PRECIPITATION

(In Millimeters)

1967 1968 1969 1970
PEKING CHI-NAN TA-LIEN NANKING
#54511 #54823 #54662 #58238
MONTH EST PUB  |EST | PUB EST | PUB EST | PUB
,
!JAN 2.0 2.8 | 5.8 7.3 | 0.0 0.7 | 15.7 9.3
;FEB 1.7 2.4 | 1.7 | 1.5 5.3 3.4 | 66.0 | 84.1
| MAR 10.6 7.7 5.8 3.6 | 27.1 | 16.0 | 50.8 | 66.6
| APR 29.7 | 26.8 | &41.4 | 45.1 | 80.2 | 70.3 ]115.8 |120.0
MAY 20.2 | 17.4 | 19.3 | 22.1 | 424 | 32.0 |132.0 155.5
JUN 104.6 1129.7 | 10.4 | 10.0 | 26.1 | s51.4 | 87.1 | 91.5
JUL 149.1 '173.5 | 34.5 | 27.9 |105.4 | 87.8 [176.2 |218.2
AUG '177.1 1180.4 | 25.1 | 61.3 |101.1 [137.0 |198.8 |155.2
SEP © 27,4 } 26.0 8.8 | 10.2 | 15.7 | 38.7 |119.3 |154.7
0CT 37.8 | 19.7 | 64.5 | 68.9 | 10.4 ' 7.9 | 744 | 7L.1
NOV 7.5 ; 7.0 ° 37.5 | 37.5 | 15.4 ! 32.1 ! 12.9 13.7%
DEC 0.0 © 0.0 40.6 | 25.5 | 5.6 | 4.6 i 26.4 | 14.7 |
ANNUAL, (mm) 577.7 593.4 295.4 320.7 ‘434.7 ‘481.9 1075.4 1154.6
TOTAL (in) i 22.7 . 23.3  11.6 | 12.6 @ 17.1 ! 18.0 | 42,0 | 45.0 .
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4. OPERATIONS

4.1 LEAST SQUARES INTERPOLATION

This program was designed to work on more than one data set which is

denoted by a parameter NS.

Each data set contains XP and YP up to 100 observations as input data;
in each card, punch XP in columns 2-6 and YP in columns 7-11, with one

decimal point at column 5 and columm 10 for XP and YP, respectively.

At the end of each data set punch a trailer card with ~99.0000.0 in
columns 2-11,
Example of a program setup:
//  JOB CARD
//8S EXEC TFCALCMGO, PARM.FORM = 'MAP'

//FORT«SYSIN DD *
SOURCE PROGRAM OF LEAST SQUARES INTERPOLATION
/160eSYSIN DD * ACE B
: AL P :
DATA CARDS 0%}%%03, QuALITY
/s ©
1/

4.2 THE MODIFIED MAY-MIN PROGRAM

The dally estimates of maximum and minimum alr temperatures and the sum
of precipitation measurements reported each day are obtained according

to procedures described in "As-Built Design Specifications for Historical
Daily Data Bases for Testing Advanced Models™, AD 63-1347-4963-08
(JSC-12891, LEC~10572, April 1977).



4.3 THE MONTHLY DATA BASES ALGORITHM

This program needs no input data from cards; all its input variables

are read in from the magnetic tape.

Daily data are stored in tapes by years, each file contains one year's
daily data, each of 85-95 statioms.

Example of a program setup:
// JOB CARD

/* SETUP TAPE = 1
//SS EXEC FTG1CLG, PARMeFORT = 'MAP'
// FORTeSYSIN DD %
SOURCE PROGRAM OF THE MONTHLY DATA BASES ALGORITHM
/ /LKEDeSYSIN DD . *
INCLUDE BMDSUB (BMDZ992)
/ /LKEDeBMDSUB DD  DSN=SYS2¢BMDoLOAD, DISP = SHR
//GOeFT  09F001 DD DSN=CH68A,

// UNIT=TAPE, VOL =(, RETAIN, SER = X06121),

/! DCB =(RECFM=FB, LBECL=26, BLKSIZE=7800, DEN=4),
// LABEL =(44,,,IN),

// DISP=OLD, SHR)

//GO«FTI10F001 DD  DSN=CH68B

// TUNIT = TAPE, VOL= SER = X06121,

// DCB= (RECFM = FB, LBECL = 26, BLKSIZE=7800, DEN=4),
// LABEL = (45,,,IN)

// DISP = (OLD, KEKP)

/ /60SYSIN DD

/*

/!



4.4 THE ANALYSIS OF VARIANCE ALGORITHM

Twelve input cards {(one for each month) are required for running the
program. FEach card contains three estimates of the monthly mean tempera-
ture based on the KSU algorithm output, the "published" values obtained
through NCC from ETAC for years available and period of record means
obtained from various Chinese publications. These values are located as
follows: '
Columns }1-5 containg KSU estimates

" 7-11 " ETAC record

" 13-18 " periocd of rec:ord means
and each field contains two digits, i.e., one decimal point punched in
colums 3, 9, and 15, for KSU, ETAC and period of record means.

Example of a program setup:

// JOB CARD
//8S EXEC FTG1CLG, PARM , FORT == 'MAP'

//FORT#SYSIN DD’ *
SOURCE PROGRAM OF AOV ALGORITHM
//GOaSYSIN bD *
DATA CARD
/*
//
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FORTRAN IV GI
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o000 S0NO00O00000
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RELEASF 2.0 " MAIN DATE = 77321 00/54/87
‘ HERAREF Rk bk kSRR kG abik
v LEAST SO INTERPOLATION' *
* 8Y [ 4
" BUDDY H JEUN L
- 40 o vl sk 0 5 ofe ool o o kel e e ook AR KR N M ROR e

0AANNANACANAANANNNNNANADONON0D

290

.REAL XRP{100),YP(100)s XL{200),¥Y,, {200}, R

IN THIS PROGRAM,ALL YOU HAVE TO DO IS TO FIT A SET OF DATA

PTS TO THE COMPUTER, AND THE COMPUTER WILL RETURN A BEST FIT LEAST
SQ EQUATION FOR YOUR DATA PTS,AND THAT RESULTING EQUATION IS
INDEED THE BEST FIT IN THE STATISTICAL SENSE. )
AND THE RESULTING EQUATION IS USEF FORF INTERPOLATION:

THIS PROGRAM CONSISTING OF ONE MAIN PROGRAM AND SEVEN SUBROUTINE
SURPROGRAMS, THAT IS SUBROUTINE SUM.CDR LSTSQ«MEQS0L » AND GRAPH
AND STANDV, MULTR

SUBROUTINE SUM IS USE TO FIND ALL SUMS FOR X AND Y -
SUBROUTINE COR IS USE T0O FIND THE COR. COEFF

SUBROUTINE LSTSQ IS USE TO FIND THE N DEG EQUATIIN

SUBROQUTINE MEGSOL IS USE TN SOLVE THE N#&N SYSTEM OF EQUATION
SUBROVUT INE GRAPH 15 USE TO JUTPUT THE DATA IN THE FORM OF A
STRAIGHT LINE OR A CURVE .

SUBROUT INE STANDV IS USE TO CALCULATE THE STANDARD DEVIATION OF
A GIVEN SETY OF DATA PTS

SUBROUTINE RMULT IS USE TO FIND THE MULTIRPLE CORRALATION COEFF
THE CRITERIA TO DETERMINE WHICH DNE 15 THE BEST FIT IS5 ACCORDING
TO THE VALUE OF THE MULTIPLE CORRELATION COEFF

THE HIGHEST VALUE OF MULTIPLE R IS CONSIDER AS THI BEST FIT

-—

ZE{10
COMMON/AREAL/SXsSY+5X5Q, SYSQ,SXYZAREAZ2/C(25 vA(25-25)-B(25)
nEAE XSQ{ 100}, XCUBL100)
=28

NS IS THE NUMBER OF THE DATA SET TO 8E FIT INTO THE REGRESSION iINE

K=1 .

WRITE(6,20)K

HEADING FOR INPUT DATA

FORMAT(® 1% ,S2X 4 *THE TNPUT DAT #*'s13s* ISi's /760Xy " NP "4 10Xe'YPV//
P40, 59X 43( =) ,8X,3(*="))

DO 111 I=1,100

READ(S»3IXPL{I)sYP{I)

FORMAT(1IXs2F5e1) .
IF {(XP{1)+FQ.~99.0) GO TO 222
WRITE(GE,66)XP(I) .¥YP(1)}

FORMAT (SGXsFT7 «2¢8X9FTe2)

CONTINUE _

NE=1-1

DO 50 I=1.NE

XSQLTI)I)=XP(1)*%x2

XCUB(TYI=XP{I)%%3

CONTINUE

EN=FLOAT{NE}

CALL SUM{INEXP,YP)}

WRITE{(6.:+7)

FORMAT(///20Xs *THE RESULT OF CALCULATIONS AREI*/'+? 420K ,27(*_1)/)
WRITE(H +61 NE

XITIVOD 9004 d0

51 HOVd TVNIDIHO

PAGH
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RELEASE 2.0 MAIN DATE = 77321 00/54 /57

C

6
8

7

33

666

444

+f8YsSo="t

FORMAT (
WRITE( 6

2 +13)
FORMAT(é

N

R

+SXS0» SYSQSXY

' F1042/20Xe *SYZV4,F 104 2/20X, *SXSQA=1 4F10.2/20X,
OXe! SXY=! 4F10,2)

CALL CO
WRITE(6, ]
FORMA T( / » CTHE COR. COEFF IS R=!,F5.2//)
IF(ABS(R).LT.0.7) GO TD 424

SINCE X AND Y ARE HIGHLY CORRELATED, SO0 FIT A STRAIGHT LINE
ANFH=SXSQESY-S Xk SXY

BNEW=EN¥SXY—=SX %S

DENE W=E N¥5XSQ~SXé% 2

A1=ANEW/DENEW

B1=BNEW/DENEW L

WRITE(6,33)A1,81

FORMAT(//750X+*THE LIMNEAR REG LINE IS5 '/50Xs1Y=943FB,212Xs%+7,F8:42,
+1 KX 2 /) .

WRITE(6+21)

XMIN=1,0

XMAX=26

DALTAX=1 .0

X=XMJI N

Y=Al+B1¥X
WREITE(6¢22)X»Y

CALL GRAPH{Y)
X=X+DALTAX
IF{X=-XMAX)EGE 4666317
FIND A HIGHER DEGREE EQUATION BY THE LEAST Sa METHOD
NC=3

CALL PLTSCT(XPoYP s XL YLyNE210042,

+ 36HLEAST SQ INTERPOLATION PLOT
# 3 36HTHE MONTHS

+9 36HTHE MONTHLY TEMP RANGE

+)

CALL LSTSQ( XP+YP INEJNC)

CALL MULTRINE ;XP,YP,RXY)}

CALL MULTRINE,XSQ:Y P, RXS5QY}
c1=C(1)

c2=C(2)

C3=C{3}

AFER CALL THE 2ND DEGREE POLYN
CALL STANDVINE XP»SDX)

CALL STANDV{NE »¥YP,sSDY}

CALL STANDVINE. X5Q, SDX5Q)
B{YI)=C{Y)*SD{(I)/5DY
B1={C2xSDX)Y/SDY
B2={C3+*SDXSQ)/SDY

THE MULTIPLE R FOR 2ND DEGREE [S:
S2-ABS{RXY¥B1+RXS5QY kB 2)
R2=SQRT(S2}

NC=4

CALL LSTSQUXP+YPJNEJNCI

CALL MULTRINE  XCUBsYPsRXCUBY)}
AFTER CALL THE 3RD DEGRE PDLYN}
CALL. STANDV(NE ,XCUB,SDXCUB)
BI=(C(2)%SDX)/SDY

PAGL
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FORTRAN IV G1I

0069
2070

3071

0072
0073
0074

st a4t et et bl e e OO OO QOOOOVDOODOO00O

O00D0000 VOO0 OOOOCOOOOTCOOOVWOO00000
a e OOODIOCOOVOUVYYVOLVOVDEOEETE
NP WN=0O ONONPUN—OODNONPUNDORNCOL

it bl o ek g et

—r——— e -

RELEASE 2.0 MATN

DATE = 77321 D0/54/57 PAG

82=(C(3)«sSDhXSa)/SDY
B3=(C{4 })xSDXCUB}/SDY
THE MULTIPLE R FOR THE 3DEGREE 1S%,
S3A=(RXY*BI+RXSQY &B2+R XCUBY®B 3)
R3=SQRT(S3)
IF{R2.GT.R3) GD TO 500
CALL PLTSCTU{XPsYPsXLsYLsNEy100» 3y
+ 36HLEAST SO INTERPOLATION PLOT
#+36HTHE MONTHS .
++3I6HTHE MONTHLY TEMP RANGE
+)
CALL LSTSQ(XP,YP+NE,NC)
IT+ClIYeI=14NC)
(*2I1,1) =*,F1S.5) L
» *THE LEAST SQ EQUATION IS 3°*//)
C{I)yI=14NC) , '
Y= aFT a2 eV 4V yF7 023X 3041 qFT o2 "XKB20, V4V, FT7 42, ¢ Xkx30)

»* THE GRAPH OF THE BEST FIT LEAST SO EQUATION IS;¢/
28Xs TBLY_4)s CY-AXIS'/
6(V_t))

DALTAX=1,0
X=XMIN
201 Y=C{1)+C{2)X4+C{IIUXKE24C (4 )wX k%]
CALL GRAPH(Y)
WRITE(E 222 )XsY
22 FORMAT(1IXFHs.2yF8.2)
X=X +DALTAX
IF{X=XMAXY201,4201 ,202
202 WRITE( 6,
GO TO 50
S00 WRITS (6,
319 FORMATI(S i
XMIN=0,0
XMAX=26,
DALTAX=1 .0
X=XMI N ‘ =
404 Y=SCL4C2kX+CIRxXAK2 aﬁi
WRITE(6+7BYX,Y
78 FORMAT(60Xs2F1042)
X=X +DALTAX
IF{X~-XMAX)A04 4404 ,505 i
S05 WRITE({6+55)R2.R3 o,
55 FORMAT(//72CX+«*'THE MULTIPLE P FOR THE 2ND DEGREE DILYN I1S5',F10.2/
H20X, "THE MULTIPLE R FOR THE 3RD DEGREE POLYN ISV ,F10.2//)
IF{K.EQ@aNS) GO TO 690

o

B2

318) vy G

5 Q%

319)C1 +82,C3 %F
OXe 'Y= F7 o023 '+ gF T o210 "Xt 4%+ 3 3F 7229 X%

. ) f's)

) ngg

. g:q:

K=K+1
GO TO 9

317 WRITE(6.318)

318 FORMAT(38X,*"X-AXT1S5")
IF{IK.EQ.NS) GO TO 690

K=K+
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GO TD 9

690 STOP
END

MAIN

DATE

77321

00/54/57

PAG
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FORTRAN IV G1 RELEASE 2.0 SUM DATE = 77321 00/54787 " PAG

0001 SUBROUTINE SUM({NE XsY)
oog2 ” COMMON/ZAREAL/SX sSY+SX5098YSQy SXY

IN THIS SUBRDUTINE SuUM, THE [NPUT DATA ARE NE+X.Y AND THE OUTPUT
ARGUMENTS ARE SX»SY.SXSQsSYSQeSXYJTALL VALUES FOR THE SUMS ARZ
CALCULATED IN THIS SUBROUTINE., . ] .

DIMENSION X{100),Y(100)
SX=0.0
- - - SY=0 + 0
5X8Q=0.0
SYEQ=0.0
SXY=0.0
e e e e DO 10 I=1
SX=Sx+X(1
SY=8v+Y (1]
SXS50=5X80Q
SYSQ=5YSQ
SXY=SXY+X
10 CONTINUE
RETURN
e . END

1
1
i

noOann

NE _

L ]
)
]
+X{
+¥ {
{1)

DOULOOOOOVOOOVOO
]

OO0 COOD
e e e e = O QOOO00

~NOUPUN=OODNAP W



SUBRWTINE  LSTSA

l

JHIER VAR

X(Ky=4

'B(I):B(I)
X(Ow =) Y

®

4-20




K=K+i

®

Xre 4

Axn=pey)
+

X{We(z+T-R)

A-21




K

T=x+4

g =3+

END
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RELLEASE 2,0 LSTSa DATE = 77321 00/54 /57

SUBROUTINE LSTSQIXsY s NpM)
COMMON/AREA2/C(25),A(25,25),8( 25)

LEAST SQUARE CUPVE FITTING

TO FIT N GIVEN POINTS X{N),Y{(N) BY A PDLYNOMIAL OF
M-1 DEGRFE, SUM C{I)¥x*%{T-1) FOR I=1 TO I=M

C{M) IS THE OUTPUT COEFF ARRAY

NEEDS SUBROUTINE MEQSOL TG SOLVE FDR AC=B

REAL X{(100),Y{100)
DO 7 I=1.M

B8(I)=0,0
Q0 % K=14N
FI{XIK)+EQuDa0) e ANDS (1 +EQe L) IX(K)I=1 40
{I)=BL{II+X[K)*m(I-1)%Y(K}
07 J=l,sM"
{I1:J)=0,0
o KzlgN
FOIX(K)sEQaCaO)d AND {(I+J)EQ.2VIX(K)=1,0
(Lo JdI=ALl s J)tX(K)IUX{TI+J=2)
ONTINUE

CALL MEQSOL (M)

RETURN

END

PAGE



SUBRUTINE MERSOL

I DECLENR v

NO = J=yes

A~-24



WRITE

‘No SolN’

A7)
A(xm/mm

<>

I=T1+|

3w
BiD /AMAs

(B)
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A-26




I =z}

J=J+~i

uo
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e

i

ND
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FORTRAN 1V Gt RELEASE 2.0 "7 MEaQsoL DATE = 77321 7 00/58/57 PAG!
0001 SUBRDOUT INE MEQSOLIN)

0oQ2 e COMMON/ZAREA2/X(25) Al 25525)48(25) )
c
C THIS SUBROUTINE MEQSOL 1S USE TO SOLVE THE MATRIX ZQUATION AX=8 OF
C NsIN THIS PARTICULAR CASE,N IS 45 AND THE RESULT 18 RETURNED TO
- C._  THE MAIN PRGRAM BY THE LEBEL COMMON X(25).1F HIGHER ORDER MATRIX
c EQUATION IS NEEDED TO BE SOLVE, THEN THE VALUE OF N HAVE T0O BE
¢ CHANGE
c
0003 . ... _____. INTEGER M{25)
0004 DO 9 I=1,N
000S M(I)=1
0006 AMAX=A{I,1)
0007 _ . DO 2 J=2yN. .
0008 IF(ABS(A{T,J))<ABSTAMAX])) 242,41
w009 1 AMAXSA(TI o J)
0010 MLT)=g
0011 . o e . 2 CONTINUE _
0012 IF(AMAX) 3,98,3
0013 3 00 4 J=1,N
0014 4 AlI4J)=A{T,J)/AMAX
0015 _ . . . B{I)=R(I)/7AMAX |
00156 DO 9 1P=1,N
0017 , IF(IP-1)5+545
0018 . 5 MMM=M({I)
L0019 L. Lo ZMULT=A{1P s MMM)
0620 DO 8 J=1,N
0021 IF(J~MMM) 7167
0022 6 ACIP,J)=040
~ 0023 — GO TO 8 _ .
0024 T ALIP,J)ISACIP, J)=ZMULT *A LT, J)
0025 8 CONTINUE
0026 BCIP)=B(IP)~ZMULT*B{ I ) o
0g27 . ... 9 CONTINUE =A=
0028 DO 95 I1=14N =
3029 95 X(M(I))=B(I) "6‘2‘
6030 , RETURN 2
0031 . .. 98 WRITE(6.99) . 2 B
0032 95 FORMAT(12H NO SOLUT 1ON)
0033 RE TURN 2
0034 END
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SUBROUTINE MULTR
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END
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FORTRAN IV G1 RELEASE 2.0

0001

00005 00LVDVOOOD00V0O0,
0000000000000 D000000

Wt st et gt 2 et it e e = DO O OO OO O,
=OSDNOUPWN=~OODO~NINPUWN

ralaTalalsl

100

MULTR

DATE = 77321 00/54/57

SUBROUTINE MULTR{N, XY +RMULT)

THIS SUBRQUTINE MULTR IS USE TO CALCULATE THE MULTIPLE
CORRELATION COEFF R AND DEMOTED THAT BY THE OQUTPUYT PARAMETER
MUL, TR AND THE FOMULA IS R=SORT(SUME OF R(I.YI*B(J)),

WHERE B(J) IS5 THE STANDARDIZE REGREESION CDEFFAND THE
UNSTANDARDI ZE REGREESION COEFF IS 8=S0(J4)/SDIY)IXB(J) _ |

REAL X(100),Y(1G0)
EN=N
SX=0.,0
SY=0,0
SXY=0.0
S$XSQ=0,.,0
S5YSQ=0.0
DO 100 I=1
SX=SX+X(1])
SY=8SY+¥(1)
EXY=5XY+X(1
SXSQ=5XS0+X
SYSQ=5YsQ+vY({
CONT INUE
A=(EN&SXY—=(SX)*(
B=SAQRT{EN*SX5Q~(
C=SORTI{EN*SYSQ=-(
RMULT=(A/{B*xC))
RETURN

END

' N

P Xy

*Y(1
T )%kx
I)®x

)
2
2
5
S
5

Y)}
X)yw&2)
Y )%kx2)

J0
NIHIEO

no 9004
v

RIVIV
of @OVA T

PAG(



SUBROUTINE  GRAPH

( STMET )

FLLEAR VAR

A

1 JATA

Iasm/i/mﬁ

J=AES(Y)

(REMURN e 12 é

L

I=1
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FORTRAN 1V G1 RELEASE 2.0 GRAPH DATE = 77321 T 00/54/57 PAGE

0001 ' SUBROUT INE GRAPHI(Y)

o002 DIMENSION TP(B1)

0003 DATA IASTR/ZY%*/,IBLNK/Y t/
Q004 J=ABS (Y}

0005 IF{J-81)500.,500,600
00046 . 500 DO 333 I=1,.81 .

0007 IP(I)=IBLNK

QG038 333 CONTINUE

0009 IP{J)=TASTR

o010 MWRITE(6,51) IP

0011 51 FORMAT{ "4 ,38Xs"'1"',81A1)
0012 600 RETURN

o013 END



SUBROUTINE.  COR

SINRT )

JRIERR VAR
|

EN=NE

L

RAEW
EN-SRY-SK5Y

DENEK
Eutsxﬁl(-sxna

TENEWY
ENYSA-Sh

|

R=RNMN
%RT@ENEN +
ENEWY)

(_RETURN
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FORTRAN IV G1 RELEASE 2.0

COR DATE = 77321 00/54/57 PAGL
0001 SUBROUT INE COR(NE,R)
0002 - COMMONZARFAL/SX )SY 4SXSQeSYSQeSXY
C
C IN THIS SUBROUT INS COR,THE INPUT ARGUMINTS ARE NI +SXs5Y+SX50,5YS50,
C SXY: AND THE OQUPUT ARGUMENT IS R3THE CDR. COEFF IS5 RETURN TOD THZ
c MAIN PROGRAM BY R.
<
00073 EN=FLQAT(NE)
o004 RNEW=EN*SXY—SX&SY
QQe5 DENEWX=EN*ZX3Q-SX»%x2
€006 DENEWY=ENXSYSQ-SYx*2
c007 R=RNEW/SQRT {DENEWX¥DENEWY)
o008 RETURN
€009 END
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BRUTINE_ STANDV

(_START )

r
L6 )
!
A
|
SE=.

/
S5

[

I=1

st

%
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FORTRAN IV G1 RELEASE 2.0 STANDV DATE = 77321, 00/54/57 PAGE

0001 SUBRDUT INE STANDV(N.Z,STDV)
S, = THIS SUBROUTINE IS USE TO CALCULATE THE STANDARD DEVIATION
C OF A GIVEN SET OF DATA PTSAND DENOTED THAT 8Y THE QUTPUT

PARAMETER STODV

0002 REAL Z(1CO)

0003 _ . . _ . EN=N

0004 5Z=040

0005 SZSQ=0.0

G006 DO 200 I=1+N

0007 . _ . SZ=85Z+Z(1)

0008 SZSQ=SZSQ+Z(1 ) %2
0009 200 CONT INUE

0010 A=(EN%*SZSQ-SZ®%2)
00t _ _ B=A/(EN#(EM—140))
0012 STDV=SORT(B)

0013 RETURN

0014 END
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