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Saturation vapour pressure: og

Calculation sheet for vapour pressure deficit (eg - 84)

(Eq. 11 or Table 2.3)

Actual vapour pressure: og

T ‘- ~ kPa
i &%(Trmax ) = 0.6108 sixp| — o) Tmax _
Ton "C AT T kPa
- &% (Trmin ) = 0.6108 exp| ———min_
Trin + 237.3
saturation vapour pressure 8 = [8°( Tl =8 (Trynll2 Eq12 kPa

1. 85 derived from dewpoint temperature

(Eq. 14 or Table 2.3)

Tda L 1777 T kPa
= 0y = 05108 ap| ———_G0W _
Tdews + 237.3
OR 1 e, derived from maximum and minimum relative humidity
RHm
o an
RHppax % | & \Tmn)— o kPa
RH
o miin
RHqin % | & (Tmac)— 0 kPa
By = [0 (Trin) PHp /100 + 8N T ) RH /100] 12 Eq. 17 kPa
OR 1 ey derived from maximum relative humidity (errors in RHgyiq)
FHray % By = &8 Tpin ) FH 2100 Eq. 18 kPa
OR 4 ey derived from mean relative humidity (less recommended)

Vapour pressure deficit (eg - eg)

83 = &g (RHmaan)100
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Relative shortwave radiation (Rg /Rg, )
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AR A R 90 8 B A K B AR S 1 EUAE (Rg) BHiS B R 2 R R PR AR (Rg) . R R PHART 2 5 7E—

SE [N E) BN IR BIAERER T, MTRgo /& 7E Al — I HIEAE TS 2 561 F 238 A — R m oK
PHAEEST o
XSRS R RIER I B R REME =, XA, XL

RIE0. 33 (FERE) Al (BIRT) ZEAL. ERA EEMNER,HL T, ﬁﬁ%
PR K B AR S T 5
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FEXT H BREFEERT (B2 RN KRB A — AR e SRR RFEERT B L2, n, &%
KATRER) H RIS R] s H G RInfES A AT 2=, SEBRI SERRIFEEIN (8] 55 T H Ot/ (n=N)
EEF2L, TAER] Rn, KRIBLHCARRTRENE . B BN ERHIENL T, AX H M pEt
6], n/N, 385 HE F ok M &M S o 3R A5 R BRAR S -

ARG — R, HZAKENIUR TR, B, DR 26 BEA IR s 8. AN [F)46
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Albedo () and net solar radiation (Ry)

/f/?ﬁ—%ﬁ— (a) ﬁ/ﬁ]ﬁﬁygﬁ(ﬁns)

R A R T 14 A FH R S e S H K

HH R T S S R R BR A0 1 B 50, RO B I3 o Xt TS [ PR 3 T RTA (] 18 e o AN 55
PR, SRR R AR X TR R IS, e REREN0. 95, X TR AR ER )
B, ERAe/NE0. 05, SREMEHIE o2 KR R LN0. 20-0. 25, X TEESEEY), |
BEIE N0, 23,

KFHERSTFE, Rps, 2 KFHARSIRIG 703 e A VR RAT Hk. HAE N (1-00)
Re.

Net longwave radiation (Ry))

PIHEHES (Rn1)

BRI IS R B S e A g o B LIRS, SRR AR ST, HERR &5 1 IXHh
AEE . HIBRAGIRZ LR PR 2, B MRS RE RO ORBH . Rk, Bl AR S 4R
KBRS o B AARBRR S Ry up) $R TR BCEIR RAE R A KT BB K
T Ry down) AR, UL, KURSHH A CHRERE, WEISTIR. ot ml
FIHFRZEM . DAIt, HOERZI LR ST BRI R AT .t PR N S S S 2 41 £ 25
FRBERST Ro1. B0 AR S LT B KT NSRS, i AR, 1 AR RE

BEHK.
Net radiation (Ry)

745 (Ry)

{FARGT, Ry, APPSR RS 10X . B BRI T R, S RTRE R
R RE B2 BV FR) P4, BN A 3 2 TR ) 22 57 (Ryg) AT AT (R 1) B (JEI15)
R FIRIE W R L/, BOEIE T R o Ry A8 HUEERR 1 1R R4 B X om 2610, 12
24/ AL A IR/

Soil heat flux (G)
T EREE (C)

FEASFZRHCRR, BB EITA AR T (A3 1D o HIEAGRGRT I LI K #E
o BIRARIRNGOVIE, ISR GOy, FOR 35 A FRIE TN R 117 HL AT BELE H 1 2
T IRAE XA IS R S RAT B R Y e R AR b N AZ A 2% BN I BR, AN S AR B

Units

=¥y

A TF MR T3 s A B TE) 7 B SR TR AR 1 B R AR E B e R R R T R IREE
MIm—2—R-D) e G, aTESAE e fh By, Bl S LA AT RE AR PR A bR e
HEBAAT (R BT R, R R LR 2 — R L
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El15
LS

Hhxk

TERAR NSNS HALUT R (AR6) H, HFHFAMI m2 day 2756 (Box 8 JHES)

B A Ay AR K Oy BT () S5 0 7 R L3 e A e T R T I A B 1 e 5 IR T
(1//A=0.408) :

equivalent evaporation [mm dayf] J = 0.408 x Radiation [MJ m 2 day*]J (20)

BOX 8
Conversion from energy values to equivalent evaporation

The conversion from energy values to depths of water or vice versa is given by:

Radiation [energy/ surface]
Apw

Radiation [depth of water} =

where A latent heat of vaporization [MJ kg“I 1.
Pw density of water, i.e., 1 000 kg m‘3,
[depth of water] is expressed in m,
[energy/surface] is expressed in MJ m2.

By using a single value of 2.45 MJ kg‘1 for A (see section on atmospheric parameters and Annex 3)
and multiplying the above equation by 1 000 to obtain mm:

Radiation [MJ m~2 day'q
245

Radiation [mm day'1] = = 0.408 x Radiation [MJ m~2 day'1]
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RGN (AL B R T AL 1Y) R R 1 AL A 40 R 1

=3
ENERET
FeEARE R R
12 R RGBT A EMERE
MJ J cal W m-2 mm day'1
m-2 day'1 cm2 day'1 cm2 day'1
1 MJ m*2 day-1 1 100 23.9 11.6 0.408
1 cal cm2 day"1 4.1868 1072 4.1868 1 0.485 0.0171
1 W m-2 0.0864 8.64 2.06 1 0.035
1 mm day-1 2.45 245 58.5 28.4 1

Measurement Jlj&

KPR AT LU AR v« SRR TF BORRH T RN & o XA A — 23R KT B 1%
AR, RIRINE KPR R, RIR B 2 = 2600 T 10 BB AT A R At . (& ksl
WA BOBRETURRY, FFRRFE TR, Bz T,

PR R AR S T O 1D SR AR SR N 0 2RI . R AR AT, 3
TR TIOR3 LA IR TR AR, 2050 TR A B R e S R A s

FEBCA RS T30, K PRRR S I8 2 AR W S FROE A5 B2 TRDORAt TH Ao SEB
FRIRH S35 SRR 8] n A2 FI IR DLZR Wt se i B S i S ookl . X S A ] — DB ERCR

B AL RFHREEEIEAE 7 — R HEE AL JFER A B — 2RI . A ROKBH 4
WA T, RS 2 W RITFRD S O R RIS TR] AT U 2R B R R EROR

BEN I A ARG T DA A 3 AARURRONT 24 LA B A R R

Calculation procedures T+EEF
Extraterrestrial radiation for daily periods (Ra )

BEXRHJH S 5T (Ra)

HAMEST, Ry X T—ER R — RAAFKIGE, ATURYE KFHH £, KBH RS BRI
RIS TR RAG T

R, = 24(50) Gy d, [0 sin(@) sin(8) + cos(q) cos(d)sin(wy)] (21)
T

FEIX R,  HsMES [MIm2 day-1], Ggo KBHH
¥ =0.0820 MJ m2 min-1,
dr HUER- A PHAR R B g (230 23),
O HxE M (A0 25 or 26) [rad],
0 5 [rad] (AR22),
5 KM (230 24) [rad].
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Ry FAMIm=2 day-l MR (25 R08 K&, B8 mm day-1 J& IR, LAHI0. 408 (4

%t%g; o HRE, @, TEACEBONIE, FEREERONT ORB 7) o Akl 20900 4 i
EEVWAH

[Radians] = % [deeimal degrees] (22)

w7

HGEUEN D HEBNTERTFER (RE MGEAN 13° 44N MELAHRN S (B BGEHN 22° 54°S
I .

HiE )ja*['gigmfﬁﬂﬁé’e BARNSE (FEEED
EAZ R 13°44'N 22°54'S

+-3k il P 13 + 44/60 = 13.73 (-22) + (-54/60) = - 22.90
P (n/180) 13.73 = + 0.240 (n/180) (-22.90) = - 0.400
SN BN T BIER E 3 ) D +0. 24050 FiT-0. 40091 % o

HER—APBA AR IR dp, AUKFAARSE 5, M1 RS H:

d_=1+0033cos| 2" ] (23)
365
(2%
& = 0.409 sin| =~ J — 1.39] (24)
365

Hr, Th—FFR1H (AH1H) £365H8366H (12A31H) ZalIfRE. M2 (82.5)
AT EFEITE KRB JE AT E AR,

Hy&m M, o, HILAT 54

g = arccos [—tan ((p)tan(ﬁ)]

(25)
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HiTarccos B AR TERT A THENLE S T #8 e A, Bkt il LU Farc tan i 5t 55
BRI

o = g — arctan {——tanizpo)‘;an(ﬁ)} (26)
where
X =1-[tan(¢)]? [tan(3)]> 27)

and X = 000001 if X <0

RIE 0 TR RIS S 0L, PR (362.6) o IXES(EIRERLTE ISt H 19— K,
KEAH S ARVKER IR A 26 B 24 B — RSP RMER ZE AR 1%, IFHIO8 T THE & 8
Y HAFEEN . X EAE TR 2 Smithsonian K. AT K T55° (NELS) A=A 4,
Ra I T REIIA AR . $i2% Smithsonian 2, R ITAL AT g H LM i 22 o

8

s RSN 2

HisE 9 A 3 H 20° S HHAMES (Ra).

From Eq. 22 20°S or ¢ = (n/180) (-20) = -0.35 | rad

From Table 2.5: (BFRERNHFED —EHPHFE, J = 246 | days

From Eq. 23 dr = 1 + 0.033 cos(2n(246)/365) = 0.985 | rad

From Eq. 24 8 =0.409 sin(2n(246)/365-1.39) = 0.120 | rad

From Eq. 25: g = arccos|-tan(-0.35)tan(0.120)] = 1.527 | rad

Then: sin(p)sin(8) = -0.041 | -

and: cos(p)cos(d) = 0.933

From Eq. 21 R, = 24(60)/n (0.0820)(0.985)[1.527 5 .1
(-8.041 )+0.933sin(1.527)] = 322 | MUm<d-

From Eq. 20 FoRJMEH K =0.408 (32.2)= 13.1 | mm/day

HAMES N 32.2 MJ m-2 day-1.

Extraterrestrial radiation for hourly or shorter periods (R, )
BT ST ] Y I 91455 (Ra)
S TR/ N BRI, (RS Ra BN RE R HI T 4f AN 45 SR (0 K BH A £ -

_12(60)

R, G d, [(m2 —my )sin(@)sin(&)+cos(()cos(6) (sin(my )—sin(m, ))] (28)

ek R, —/NIF (B 9118 f AR S MT me2 hour1], Gge KFHH ¥ =
0.0820 MJ m2 min-1,
dr HER- K FHIIA X EEES (A 23),
3 KFAwA [rad] (A 24),
0 25 [rad] (AR 22),
o] JE AT UG IR BHI f - [rad] (AR 29),
®) JEAZE R IOKBHIS A [rad] (A 30).
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JEISITT AR S TR RSB v T 24 e -

Rt]

0 =0—— 29

1 7 (29)
Tt

W, = O+ —— 30

2 Y (30)

XH o BRI BRI S R A [rad],
o TFERRRE N B 1 RosAN e FEIER 0.5 Fos 30 Bl E .

28 J P R B B 8] 5 9 -

® = %[(t+0.06667(LZ—Lm)+SC)—12] (31)

X H t JE A SRR R B TE] [hour].  BUIXS T 14.00 2 15.00 /NS 22 [8] I ES
I‘Eﬂ&’ t= 145,
L, MHuRf XIS (MAREE AT R . B, ARES. TREB. Y55
W FIAEPERT X (EED 1) Lz=75. 90, 105 1 120°, ¥AREIEH Lz
=0°, JF% &K 1 3300, 24 255° (RED ,
Lm Wil &b 5ty 2 i [Greenwichp) piifry %], Sc APHIN BUZET
1 1E [hour].

298, R 31 I o <-ogor ® > og RN THISFL LT, FIHARYE &
X’ Ra ‘7'92;0

XA I TR 2 A2 1 D

S. =0.1645 sin(2 b) — 0.1255 cos(b) — 0.025 sin(b) (32)
b 27 (1 =8 5
364

H ] R—FPHE LR,
Daylight hours (N)
HAER ] (V)

HRM TAERFE], N, H:

24
N=—uw (34)
T

H og ZHAN 25 50 26 45 1NN AL HVE AN B 2 3R 2.7
ST AFRSER N (B 16 K P AME.
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49
B9
H e B 7] FR) A 5
Wi 9 H 3 HAE 20° S WHEER (N
From Example 8: g = arccos|-tan(-0.35)tan(0.120)] = 1.527 | rad
From Eq. 34: N = 24/x (1.527) = 11.7 | hour
HIEB 11, 7/ . 11.7 hours.
BOX 9
Calculation sheet for extraterrestrial radiation (R) and daylight hours (N)
Latitude Degrees and minutes are
+ positive for northern hemisphere
- negative for southern hemisphere
Degrees e > T
Minutes ! / 60 > T
Decimal degrees = Sum{degrees+minutes/&0) £
E = /180 * [decimal degrees Eq. 22 rad
Day of the year
Day
Maonth J Table 2.5 ir’-‘mnex 2)
dp= 1+0.033 cos(2rJ/365) Eq. 23
& = 0.400 sin(2rJ/365 - 1.39) Eg. 24 rad
sin{p)sinia)
cos{@)cos(d)
e = arccos[-tan{gitan{a)] Eq. 25 rad
(24 (60)/n) Ggg 37.59 MJ m-2day !
i
Extraterrestrial radiation: R,
24 ( MJ m2day !
R, = S Gy d; [wg sin(p)sin(8) + cos(p) cos(8) sinfa)] 4
EH_21
Daylight hours: N
24 hour/day
N=—uwm, Eg. 34
n
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Solar radiation (Rg )

XfiFEA (Rs)

WA =R BHAES Rs, AT UM#E FH Angstrom AFIHHE, %A 20 KRS SHish
ERSTAAR XS H R IE R AR

XH Ry  KPHBAE RS [MIm2day 1], n 92PRH I [hour],
N SCKATRER H R A] Bk H Y6 ] [hour], /N AHX H FERS %8 [-],
Ry HuAMES [MIm2 day 1],
ag A, TR RBNAHBRIHAME S B (n=0),
agtbg TERE MM H T B REHER ) AMES 1 — 3> (n=N).

Rs fE EIRTFEFLL MJ m—2 day-1 Fox. @ITK Rs Fell 0.408 (A3l 20) K5
DL mm day—1 ARA AN SRR KR, RIERKRFME GRE. KAD) FRFHAL (4
FEFIA ) , Angstrom 1 ag Fl by 2RI 7EBA SRR A BH 8 5 4080 v] H B AR
U] ag M by ZHOEFATRAERITEL T, #i ag = 0.25 M bg HIfEH= 0.50 .

HAMES, Ra, PAIH RS [ B K AT B 1) H BRSNS N, AR 21IMI34%45H . Ry
FRAF S [R]85 B FONAIN G 51 T B2 (2. 612, 7) o SEBRAFAG RS 1], n, /& Campbell
Stokes FHBHYGIC ALK F KA,

~F110
TR & (1) B B SR (B 0 e K Be SR 5

A E22° SAEM BN A (P , 5HME T 220/ 19 H RIS (8] A 2 K B4R 5

From Eq. 22: latitude = 22°54'S = 22.90°S
or /180 (-22.90) = -0.40 | rad
From Table 2.5: for 15 May, the day in the year (J) = 135 | -
From Eq. 21 orTable 2.6: | Ry = 25.1 | My m=2 day™!
From Eq. 34 or Table 2.7 N = 10.9 | hours day™!
n =220 hours / 31 days = 7.1 | hours day‘1
From Eq. 35: Rg =[0.25 + 0.50 (7.1/10.9)] Ry = > 1
=0.58 R, = 0.58 (25.1) = 145 | MJ m2 day”
expressed as equivalent evaporation
From Eq. 20: =0.408 (14.5) = 5.9 | mm/day

The estimated solar radiation is 14.5 MJ m-2 day'1.
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Clear-sky solar radiation (R, )

EEXTHES  (Rso)
W 2SI TS, Ry, n=NIF, FFZFELSFKIEGR .
o X TG HET T B SR Nas b T -

Rso = (ag + bs)Ra (36)

XH Rgo A 2 K S 4 5t [MJ m‘2 day'l],
agtbg  TEMGE R EIAHWER K1 AME I —5 7 (n=N).

« HRHEIE Nas Mbs AT :

= (07542 107 2)R, (37)

XH oz il SRR [m].

HAMER A Rso AliiHE, QMBI HERF 3 Fiie (A 3.14 & 20 .
Net solar or net shortwave radiation (Ryg )
1P B EG/ AT IR (Rns)
H NSNS S5 PR S FH R A 2 T B 1488 7 A A e e A e e

R, = (I1-a)R, (38)

WH Rps  SAPAEE RS [MIm2 day-1],
a  REBREGEERM R BEESHEYA 023 LN,
Ry ARG MI m2 day-1].

Rps W EAR%ERE/R MIm2 dayl.
Net longwave radiation (Ry])
P ICHHES (Rl )

KU RE B S R 5 R = BN DA 7 B4 SR EE R IE LY . iX F 22 & A Stefan-Boltzmann
ERE RN AT, BT RE RSSO A R RS, ST ERR R R o
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tt. Stefan-Boltzmann e 25 H R RERIEEE /N, KES. & ZHMWRARIRE KR
TR AT IR USRS A R B A . CEVE YRR B RN, NANEEMIRKRE. B TREN S EEE
EEER, EATHC IR S 4 il E R, XN ERIBIE T Stefan-Boltzmann &
o [RGB AR R AR Pk B e 1 1

Tmax K4 w Tmin K4 R
Ry =) ————— (034-0.14 e, )| 135 >~ 0.35 (39)
S0

X Ry FHETKBEES [MIm2 day 1,
c Stefan-Boltzmann? $1[ 4.903 109 MJ K4 m2 day-1],
Trmax,K 24/ A SR [K =°C +273.16],
Tmin,K 247D WEARZERHRE [K =°C +273.16],
ea SRz SR [kPa],
Rs/Rso  Hixt sz mst ¢ <1.0),
Rg MEEIHE (AR 35) KFHFESH [MJ m=2 day-1],
Rso HE (AR 36 8 37) BA4EHMI m2 day-1].

B e B4 DY 9 75 R e I AR O DO YR 7 B~ BB H T 24 hour I [A] 22 K Y
Stefan-Boltzmann FFE. AZA (0.34-0.14 ea) FTARTHEBENMEIEME, WRIEE
B4R VEMIEMA (135 Rg/Rgg - 0.35) Fom.  WIHRIEMREER N, W ILIiLxAE
AN, B RgRFEAR.  BIETGEVS, BRI @ T m RN R, DR 2
i 39 F1) Ry/Rgo T, LM Ry/Rgo <1.0.

G R B B A0 R IR0 e AR H PRI R IR 3, IO mT A 223X 39
SES /¢

B P2 (£2.8) BUH T THIERER T A A SR

NN
e SR TN
ERAMAS (B , GRE22° 54 (=-22.70° ) , S5AMCR 7220/ B R HIK, AP H&ES
HURARR 925, 1F119. 1° C, ZERE 782, 1kPa. 1€ HHC IR &
From Example 10: Rs = 14.5 | MIm™2 day™]
From Eq. 36: Reo = 0.75R5 =0.75.25.1 = 18.8 | MJ m2 day™"
From Table 2.8 or for: 6= 4.903 1079 | MJ K% m< day™]
Then: T =251°C = 2983 | K
and: Gmr%)éx,K = 38.8 | MJm=2 day'1
and: Trin = 19.1°C = 2923 | K
and: 2 35.8 | MJ m2 day™!
6 Tmink4 =35.8MJm day
and: e, = 2.1 | kPa
and: a 0.14 | -
and- 0.34-0.14 Veg = 077 | -
) Re/Rso = (14.5)/(18.8) 069 | -
1.35(0.77)-0.35 =
From Eq. 39: Rl = [(38.7 + 35.7)/2] (0.14) (0.69) = 35| MdmZday "
From Eq. 20: KR AHEHIK =0.408 (3.5) =
1.4 | mm/day
Ay 3.5 MIm2 day 1.
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Net radiation (R, )
#85 (Rp)
FHRST (Rp) A NS R B AR (R o) AT HH 04 S (R 1) -

Ry =Rps =Ry (40)

12
TR ST OB 52
FRHE M CART I R A5 2 BE,  #e b B 0 7E B3P A IR &
From Example 10: Rg = 145 | MJm™ day™!
From Eq. 39: Rps = (1-0.23) Rg = 11.1 | MJ m™2 day!
From Example 11: Rpl = 3.5 | MJm2 day!
From Eq. 40: Rp=11.1-35= 7.6 | MJ m2 day!
From Eq. 20: expressed as equivalent evaporation = 3.1 | mm/day

0.408 (7.7) =
The net radiation is 7.6 MJ m™ day™'.

#E10

Latitude °

Day Ra (Box 9 or Table 2.6) MJ m-2 d-1
Month N (Box 9 or Table 2.7) hours

n hours (in absence of Rs) n/N

Net solar radiation: Rpg
If n is measured instead of Rq:

Rg = (0.25+0.50 n/N) R4 Eq. 35 MJ m-2 ¢-1

Rso = [0.75 + 2 (Altitude)/ 100 000] R, Eq. 37 MJ m2 d-
Rs /Rso (1.0)

Rps = 0.77 Rg Eq. 38 MJ m2 d-

Net longwave radiation: Rp|
with o = 4.903 1079 MJ K4 m2 day~1
and Tk = T[°C] + 273.16

Tmax °C Tmax K = Tmax *+ 273.16 K

Tmin °C Trmin.K = Tmin * 273.16 K
oTmaxp > (Table 2.8) MJ m2 d-
T ink. (Table 2.8) MJ m2 a1

(6TmaxKk * * ShinK )2 MJ m2 d-1

ea kPa (0.34-0.14Vey)

Rs/Rso (1.35 Rg/Rg-0.35)

Rni = (6Tmax,k © * STin K /2 (0-34-0.14e)(1.35Rg/Rs0-0.35)  Eq. 39 MJ m-2 d-1

Net radiation: Ry R_ =R... - R,y Eq. 40 MJ m2 g’
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Soil heat flux (G)
LEHEE (C)
AR AT DU IR IR . A R PGB LURE Iy, Rl Mt R 55,

FESERI s NS e, A8 F LR IR & R A, $Rt T —
IS5 0 T A

[I + Ti—]
At

G = ¢4 (41)
XHE G TagEHGE R [MIm2 day-1],

cs  HIEMZ [MIm3ec-],

T 21 MR [°C,

Ti.1 3% i-1 BAE [°C),

At B K s TR BE [day],

Az HREIEEE [m].

1 IR N e T AR, IAE VP4l L H AR, BB R BUN RN

SPEIREE, B At BOEIE R L BB R I [A] [] BR AR TR g o A R R

Az 7 1 REYJURBIR A 90 10~0. 20m, {HAEH K] AT BE v 2mel B £ . 4
ES HAT A & KRR K.

o« XFF—REAREARIA .
HTHSHME N R R TIRAGE R RSN, AT LRI AN, R

G day~0 (42)

'ﬁﬁﬁﬂl‘ﬂ:
MR IR REE RN 2. I M m-3 ° C-1 FUEN4M HIEEER, TEHEAR 41 S
HH FE G:

Gmonth,i =0.07 (Tmonth,i+1 - Tmonth,i—l ) (43)

I R IPS Tmonth,i+1 ARF

Gmonth,i = 0-14 (Tryonth,i — Tmonth,i-1) (44)
TEXH Tmonthi 1 FHRER [°C,
Tmonth,i-1 -EHAFESIR [°C),
Tmonth,i+1 N MHFEISE [°Cl.

o /) Bl B B AL P B T«
RN (B BTHE, SRR N GE R B R AR &/
I GrJ DAL AN -
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Gpr =0.1R, (45)

AR g
Gy =05R, (46)
fELHCIRIN )y, LHAER 6 IE. ERRN, M\ Rn RE R
B AL

~l13
AEHREREENE

e BT /R BoR (BR BRAED DY SR g v i e 33 4 RIS I PR 4 14. 1° C.
16.1° CF118.8° C.

H Y H 5 1
From Eq. 43 | Gmonth = 0.07 (18.8 - 14.1) = 0.33 | MJm2 day”
From Eq. 20 | =245 7EK = 0.408(0.33) = 0.13 | mm/day

LHGEE S 0.33 MJ m2 day .

WIND SPEED
RIE
Measurement Jlj &

PRURRFEAE T E 7 AL . RS KRWORI T Ta . 328 BCR 1T, G2
FARE . T4 L B ARG N (AR A, DRI b BRI Dy 7 Ik (] 18] B8 P FRD-F-
Bl MGELLK/F (msl) SAH/K (kmdayl) 4.

JRGH A F G T DN o Gt o FH ARG T e UM R e SR 2 R, FE X860
AL TS S I 1A) B AR, TSR0 00 30 1 2 IR

Wind profile relationship X BEZE% R

FE IR UL AN R e R B G AN R Ao R T BE R ATAT iR 22 BRI . Hh
RNHE NS, BEE LR ITEE . T XAER, TS E AR — A AR =
FE, BIRRZERH 10 m AL EEHH) 2 8 3me ATIHHEARSE, FHEEHE
Foom MERGE. T IEEMREL 2 m bRk LN S R AR SRS 1 KR S
AT AR P Xt S50 DX T R AT A B bt A 0
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. 4.87
? In( 67.8 z— 5.42)

Uu)r= (47)

TEXHE u,  HOUELL F2KRARGE [ms],
uy DT DL KGR [ms 1],
z  HWHELL ERIIE TSR [m).

HH S ) SRl e R 7 LR 2 (3R2.9), FRe iR 16

E16
BHE U E—ERERRESRAERE 2n) KEKRE RS

10
9
8
7
6
5
E
w4
i
IEH 3
:jj
< 2
% 1
0.7 0.8 0.9 1 1.1 1.2 1.3
R A
w14
BN ESE 2R E

AR AE -3 1 LA L 10mAb 1) 3. 2m/ s FAT XU, ) 5 A 74 v 22 9 2 ) XL

Xt T u,= 3.2 | m/s
Fl: z = 10 | m
SRIF . LR F=4. 87/1n (67.8 (10) —5.42) =ug= 3. 2 0.75 | -
MEER 47: 0.75) = 2.4 m/s

+HEFRmLLE 2m AR RGE N2, 4m/s .
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CLIMATIC DATA ACQUISITION
SREHERE

Weather stations

SR

SEBIACKAES IR IR RIS RIS TR, RS A R
AR AT RIS, i, R AR L RGEAT 38 72 53 el e
YRR AR B0 2 m A&, ERREARATHIRE AL T, Xl A7 se AT ek
FESTANAES A T Gk B FR B AR LSS 27 SREAI AR o A F-WHEN4H T A
KRBT AR 22 A e

FEARAOL R G SR B 5 ZEAE A T AT AF i i o 2k . i, FEias st o,
WESHSHRAEGE. B THUE AT T, RR AT e i A AR X
MEE . MIBUEEERER DL 10 m AW

IR RE R TGRSR, T R ZIE S ARG A R TR RS BT
HWHRATIR AW, FIHR A BRI AB R SR ERE -

BRI T B0 BB R SR G b PRAN L B IEFISE BT -

BEfR4: RABIREM G 70T
BEARS: R S B AT A DAl 5
BiPE6: RZIETEARES 25 b AR B ) R S 8 CAETHS ETo.

Agroclimatic monthly databases

AR A e

M 1984 TR, MARME L RAT 7 RARA G L MRS R P 2300 ASufiff)~F-2 A B
ARG DR 14

%22 M. 51 & JEUNEdE, AREDACESR (1984 ) , 5 2 & JEMEdE, ~E
PLEgE 2% (1984 4F)

%24 M. BT SEINFINE LA SRS (1985 4E) 5 55 25 M 1 & N
LS mEEHE (A-]) (1987 48)

F 2 B WA SRS K-2) (1987) .

CROPWAT 1) CLIMWAT CARARZHZUEBLFAIHEK TS 46 5) BEKE 3262 MR
VI H B, XSRS TR AN R R b IRl R E R AOKRE 4. B
A T A ZHZ Penman-Monteith VA THE R B S A BARIREE . “FRIAH X B
RGE. HHERE . R EdE DA PR EA ETo A FHME, DL T K&,
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FAOCLIM fEJ¢ AR ZH LA R AL A AME AR B B it 17— A Y
Fr. iR R EEE 2 e Rl o AT AR L S L AR RSP R, SR RS
M2 300 MIEINEIZ) 19 000 A, FEYR T ERRESREHE. (Hi, HFARITA R #AE B
HEERRZHME. T2 RAEEMEK.

] DA ) T L HdiE e LASGIE SE P it B 1) — B Al T SR U 2 4. (HE, &
I F I TE, RO e St 8. FAOCLIM XS it H LA s
FIERF R FPF] o IX SRl o v A4 S 7K IS B S P et

SEERER )M X HoAt o B E O i E PR B RS (IWMD) KA. X EesdEFE
WA 3T H i s AR SR 2 7 2 71 Hargreaves ETo 2 Z TN A A H A H A
i FEKH ETo,

ESTIMATING MISSING CLIMATIC DATA
TR A S B e

% 4 FAH T(EH Penman-Monteith J7iEXIZHEZKME ETo WM. MR FEVFIYE
H. +Relif: A e s SEE (Tmax M1 Tmin)  SEFRZEE Cea) « #4R4F (Rn) A
£ 2 m (u2) AP KGR By 5 i R AR B R BV R TR, A P
EH UL T 2 — it ER AR, A HRAHAS Penman-Monteith J7ykitH
ETo. ARMEFEMHANFEARIZSHAIENR ETo HERET. ARG T FELEN
RE . FEST N RGBS AT o

Estimating missing humidity data

TR I B R

FEGR = 30 REHE BT R T SRS, Al T SEPR VR TT, eq, T LLEIE R B0 R AR E (Tdey)
Pl H AR (T4y) X AT & e, EH WK, HRGETH 2, B2 LT
WORKZESEA, FRHREEFRIT100%.  “AIRIET” 432 FIREARTHIN g oy SIS

T V0 P B S e Blm B ) R RS L R, AT DB B R SR (Tdew) #EE4 H BRI
B (Tmin) SRAGHSEPRZEIRE eq. XAJHRRSHUEREH BB, SR Tnin B,
BV ROKZE S, AHRHRERESAE 100%.  WHRAH Tmin KFKx Tdew, B4

iy oy o A } )

0 :
e, =¢ (Tyin) = 0.611ex
a ( mm) p|:[“m|n + 2373

Tdew ~ Tmin [0 ZE T3 B35 (EVI UK RUAFROGL I . AT, RE A T 5
HOIX, 43 BERS FIRART, 25 0n Bg iR, BUE, Tmin RIAEAT Tdew, 3¢ HATAE
B 5 R e T B R . fE LS, ESUR g “Tmin” o] BUBIE M Tmin o
Wik 230 C KEIFHOLML, IHFE 6 % V& AR ER . (MR T,
T A K EESE, TR MR Tnin A1 Tdew FTAE/NT FICHIELM Tdew, HHJE, 5
IKHIZERAS UGS, FERN R A Tdew (. SRRBLSAERHE 5 (IR 5.4 o
(R8I 7O (T, R 24 I ETo B, ORISR S Tdew it
%o

SR ARE Tnin 0 eq fiHE. MAR 48 MBI —ANKBGFRAER, T
LT eq HOREHfit
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Estimating missing radiation data

TR 5K IR S BdE

AR R D> 23 LAV AR I B B . R BN E RSN, KBRS g
AT DAOMCEE S WL R RSB h 5 21, BIUOR B R s H VN $, 2 IR )
. EBCHNESIRFIRS T, B v a] DUE T IS 2 DR N ok . 28
M7, AR REH B BN (), TUASEE T AT 32 A SRy R T SR PR S 8
AT G 1A AT 2R A T A A S 0 1) % T i

Solar Radiation data from a nearby weather station

KRB B TR IGHI K A A
R TTERIR T I — AL AR R, R R — K, SN R AR G 12 &
R, T H RS (8] nfE BEAN 25 3 X I R ARA o XA (1) IZ X ARURAR /N (1)
FEZ IR ER X, $E ] B A Z R B LR AR A1) 123 X 34l
LR R BT o MO 22 57 NoZ AT LU AN, DN EATm e S H iz sh. £
TXREEAETR AT LA P A B UL 0 st L0 221 ) 4 S e

R XA T N L DA, R B R AR ) 22 7 T REAR 2L, Bl P T
AL, BAEWEAEM . thAh, BT AR R IEANR, R AT BT EAL T L S A
Ul i B T BETCVE RS o T LR I b i R AU S A, TR A A IS LRS- %
mEMER W RERE L.

AN R B [F]— S XN )R G ek g AL EE e 50 24 HL, Kt Ra EARAARAL,
YU 7 A6 K FH S AR S O EE 2R Rs/Ra SRIHHE Rs AR -

R s.reg

R, = R, (49)

areg

XH Rreg XA E FIKBHARS [MI m2 day~1],
Ra reg XA B K AR [MI m2 day1].

— L OB A 00035 P A S B R HE S R BHAR S, s rT DL S v K g (AR
39) FngiEgt (Ax40)

M AKX 49 BIMETHIIERITESH ETo o WURMEM ETo RS TIE, W45
2B N A Rk R R R AT SEAF AR M, LSS IE P st e 75 AL TR — A B <
X8k, JF H gl AR IZ XN 2 I 26 F . Al—R. BT AR LR AL Aok
FRE H R SEAE, R i s AR AR SR AR . st b, AU = & A0 IR E) 5 iR
JERII B 55 PR AR AT AT 5K

E, A FAG TR S AR T R H WETo M AR H IR (0 SR s A A R
BN . TS AP YA 28 B SR BN Bl XA O . FEIX SRR,
—RATHRR I AP A — R iR %= B H S THEA N R RS EE H
e, O B2 RS U A K~ A

Solar Radiation data derived from air temperature differences

NI oE e

A AEMRAEZ BN ZER S — MIE N 8&A K IR FZ4FE A KR
(Tmax) , FARARINS R BRAR S ZE R, MR FRE (Tmin) SZREDNEADRIH
SR BARI RS . — 7, FEIRZM T, Tmax AHXHELN, PARER 7 AR
FAAE S WA BA M ER R, TR = WSO s 5. 28t Tmin AN B, AR
ZERBIEE T IIE R R v S KPR ST . BRI, S AR R AR M ZE (Tmax -
Tmin) A] PAE A BIIA B ER R 1] ) s A a5 EL B iR $8FR . Hargreaves FI Samani WA IX
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— JR BRI AR AUE H SR EBAER ETo f51HE.

Hargreaves (IR A2, AR R T2 AT RuGHEAT 7 IHBEAKAILE, 2209

Rs = kRS ([max_ [min) Ra (50)

X Ry HAMES M m2 d-1],

SR

Tmax  BE il [°Cl,
Tmin AL [°C,
krs W A% (0.16 .. 0.19) [°C].

R0 77 5 4 G LA T FRBBAT SR 6 . RN kR LM
i, B PIRET SR MO 5
RET PR RCE Wi S, R E KA AR RN, ks =0.16;
XET HE AL G TR A MR, 3 AU R R,
kRg = 0.19.

WEFIVREELIX ) Rg/Ry  FHRZEZ AR RAE 17 Fros. FEHIERE I HAME
SFEL] Rs/Ra HITEFE M = JZE I — RINZ) 0.25 FIERIE =M —RINL 0.75. Tl
A 50/ Rs B FRHIN<Rgy (A 36 5L 37 ) .

XA S IR E o NGRS B AL B, @R 22, BUORA RIS A<
(g2, B ROV B Z 2 X8 . % 805504, T B AT, 23 50
RIHEAGE

AFEEERIHE BTo BFHENL. AKX 49 SHEEGEEEN. @B T
it Rs HJREH ETo AiHELEILRA (Bln—F. TFEs—DH) KM, B 1
MR o
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17
AU HIX (kigeys=0- 19) X3k

0.75

B A IR R K HSMEH BT ELBIZ IR R o/Rgs AR ZESEETpax~ T4 AT A (eigygryy=fER0. 16)

0.70
0.65
0.60
0.55
0.50 L

Rs/ Ra

0.40
0.35 T
0.30 7

| | |

YI%II% (Tmax_ Tﬁj\) °C

0 2 4 6 8 10 12 14

L ARSI TS BTN TN AN TS [N S U T TN AT ST A S MR
0.25 LA N N I I D I B B B

16 18 20

22

~l15
TR IR S0 W 2 K Pe SR 5T

MRS GEED fEIb4i45° 4370 MR 200K K7 7 6 AU B ki 8 R FREE S . 7H, AP B

IRAERAR IR ) 79926, 6° CHI14. 8° C.

4= 45 43 = +45.72 decimal degrees = 0.80 [ radian
From Table 2.5: E—EYLFR 7 A 15 HESE 196 | -
From Eq. 21 or Ra = 5 1
Annex 2 Table 2.6): 40.6 | MJ m™< day”
From Eq. 50 Rg = 0.16 [(26.6-14.8)] Ry = 0.55 (40.6) = 22.3 | MJm“day’
(same latitude):
From Eq. 20 SEMARKR = 0.408 (22.3) = 9.1 | mm/day
(same latitude):

£ 7 H, fiitikBEST, Rg=22.3 MJ m™ day™
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16

TR S B AR AT A e

TS S RS (13° 447 1) o ATy ARG THFROK AR B 4, AP H &R, 50

AR IRLBE AT H 28350 71435434, 8° C. 25.6° CHII2. 85kPas

For Latitude 13°44'N = +13.73" decimal degrees = -0.24 radian

and for 15 April, J =105:

From Eq. 21 or

Table 2.6: Ry = 38.1 | MJ m2 day™!
(in coastal location) krg = 0.19
(Tmax - Tmin) = (34.8 - 25.6) = 9.2°C | °C 2 -1

From Eq. 50: Rs =0.19V(9.2) Ry 219 | MJm day

From Eq. 36: Rso = 0.75 Ry 28.5 | MJ m2 day!

From Eq. 38: Rns =0.77 Rg 16.9 | MJ m2 day‘1
o= 4.903 1079 | MJ K4 m=2 day-1
Tmax = 348 | °C
o Tmax K= 441 | MU m2 day-1
'min 256 | °C
6Tmin,K 4 4 39.1 | MJ m=2 day"
(cTmax,K * * ohin,K")/2=(44.1+39.1)2= 416 | MJ m2 day™!

For: eg = 2.85kPa 2.85 | kPa
(0.34-0.14e,) = 0.10 | -

For: Rs/Rgq = 0.77 | -

Then: (135(Re/Rg)-0.35) = 069 |- .o 4

From Eq. 39: Rp| =41.6 (0.10) 0.69 = 3.0 MUm _day

From Eq. 40: Rp = (16.9-2.9) = 13.9 | MJ m™2 day™?

From Eq. 20: equivalent evaporation = 0.408 (13.9) = 5.7 | mm/day

The estimated net radiation is 13.9 MJ m™2 day'1.

Empirical methodology for island locations

S5 1 BRI 2 52 5 7%

XS AL E, HRRTE E T RN AR 20 A8, R UUR IR B SA

J7 ) AR DA AR KR £

S EclE, AT LM ZR 56 ok 3 A R AS A H R SR EHE ATl

Rg =07R, b

REEEANGEH TIRMEI . R ICEIRAT B _EH A AL B A4

(1)
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XHE Rg KPHEESS [Mszday ]
R, HiAMES M m2 day-1],

b ZIGHH, ST 4 MIm2 day-l.

XFPOEROOEH TR (N 0 2 100 m) « SIHHER/NIEF RIS EfFE—
o7, PRBEAEP R BHAR SR T L PRSI R S 2% 4k (0.7 Ra) 4 MJ m—2 day-1.
SXoF 0 6 BT S R B AT DA SO A

YOTESGER FRA NS, Re FI Ra ZIAMESE K R L P LRI R E .
Missing wind speed data
R KR

Wind speed data from a nearby weather station

KB — TR REHIE

MBI FR 3 e N R CAnm i Bodl ) 1 Ik — AN sk, %“ﬂ@”[ﬁtﬁ%
RAE— R A BEA DS BRI, ABAEP BB I () Bl — R R . 2R ]
FRISKIEAR IR, B 20 XA i p A ) F e T S PC H 3t 35 AR AL, WTHMW I EEFA
K

AR 1 N KGR EE I, B PR DO A IR S B At 5. 55
OB SRR EAT L, R KGE T 5 mARHEEA . B, A H 5o
i/ NRHE AR B RAZ . 2L, Bl A— E%Mﬁﬁ%ﬁﬁ VN 1)
MBEA LR 2 2 £ 3 KA ML A AN O Al i B R BRI 21T 7, X
7 S = A

FEAG ST FERIZ AR, W DM SN KGR . & H 52 LR A R B A al
SPEMEI AR, Bl — A

Empirical estimates of monthly wind speed

BHMEHIZRNGHE

W1 T4 1 2 UG AR AR BN, I HAE VA M ezl BRI AT BAAG THEE A8 XA -
O REA THE AT A X T A S ke, (BN A, R 4 REIT
—MfE

=4
& A RESEE ) — skl
iR B RTE 2K
B ...<1.0m/s
B R X 1-3m/s
FR a8 X 3-5m/s
KR ...>25.0m/s

W ARZI X BOA TR EE, WA AER 2 m/s MMESE IR THE.  i%{E2
£FR 2000 ZATREGHTEIE.
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— MR, fE ETo JifE (A 6) AR, 2m 4B XE vy MERHIFE up>0.5
m/s fihi. RXNTHEIL T EATEE MR THNT A B (e sk 3R 285
PRI 2 A L o

2 WHAR NI HLIR 2 TR ) SRR R 22 RS, it R AE XML . K ETo J7
FEFFI) up>0.5 m/s BRI RGEARF AR ZAF T AT LR Al R
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Minimum data requirements

BRAGEHEER

AR TAEGRRE {5 BORPRER ST . 28R A NEE . 2 @I P I8 T & =
MEAMASRNE. A2, UTRERRN, BEENTERM TS SIRE.
b, U R AR AR H AR EEE & N AR R 2L Penman-Monteith 775 T 75 ) i (R EiE

An alternative equation for ET, when weather data are missing

BARSEIER ETo HIEA

24K PH 48 5 B0« FH G P e A/ ml R R e B i, A B AT A B R e HL AT
%, fERNBRITE, LM Hargreaves ETo J7FEAH5 ETo, HH:

ET, =0.0023(Tean +17.8)(Tomax = Trmin )" R, (52)

HA g S8 emidke L. A3 52 # ETo M Ra WA IN mmday-1. A3 52 M
RN XEET SN E KHEES . & A XGE RS G0 R HR
Penman-Monteith A (A 6) KM THERTHLECORIGUE. WA WE, vLhdEdifes
55 REOR B A iR HEA X 52, Hr ETo = a + b ETo Eq. 52, HH “Eq. 52”7 TFix
Rt AR 52 TP ETo. RE a A1 b w] LLdEE B EH A 8l s i & i g« —
5, SHEEME ETo ML, MHHEAR 48 & 51 FAIFE 4 FHBHIRHEES . 225 EFR X
i, RIEEAR 6 (FAO Penman-Monteith A3 H R FH i S SR I 2 10 58 i O Al 55
EAEAARK 52, X2 BT TR RN — M SERFE (1 G vy B AR XU, B3y B A
KR AL A 6 HE4TH ETo ff1t

Jite 52 FERNGFAMT (u2>3m/s) AR, MR R T A =ik riEs.
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