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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Satellite imagery of study region. The point in red indicates the

location of observation. From Google Earth.

The schematic of BYL-EV250 observation system.

Composite diurnal time-series of (a) observed free-water
evaporation in mm, (b) incoming solar radiation in ly, (c) air
temperature at 1 m height from surface(dashed line), at above the
evaporimeter(black solid line), and water temperature(red solid
line) in C, (d) dew-point at 1 m height from surface(dashed line)
and at above  the evaporimeter(solid line) in - C, (e) relative
humidity at /1 m height from surface(dashed line) and at. above
the evaporimeter(solid line) in %, and (f) wind speed in ms’,

with 10-min interval. Vertical dotted lines are located at every 6

hours in whole diagrams.

Scatter diagram -of ASD vs observed evaporation(Eo) for 51 data
from composite diurnal time-series that the difference between air

temperature(Ts) and water temperature(Tw) is less than 0.5 C.

Same as Fig. 4 but for 3034 data from whole observed data.

Composite diurnal time-series of (a) Eo(solid line) and Ee(dashed

line) in mm, (b) Ts(solid line) and Tw(dashed line) in C. =
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16
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.

11.

12.

13.

14.

Diurnal time-series of TDWA(dashed line) in C with an ordinate

on the left-side and Eo-Ee(solid line) in mm with an ordinate on

the right-side.

Scatter diagram of TDWA vs Eo-Ee.

Scatter diagram of estimated evaporation vs adjusted evaporation

(a) in 10-min evaporation, and (b) in hourly evaporation.

Scatter diagram of (a) ASDa vs Ea, and (b) ASDs vs Ea. =

Composite diurnal time-series of standardized values of (a)
adjusted evaporation, (b) air temperature, (c) water temperature, (d)
relative humidity, (e) vapor  pressure deficit, (f) air saturation

deficiency, (g) wind speed, and (h) incoming solar radiation.

Correlation = coefficients between adjusted evaporation and each

component in diurnal variation. The coefficient of RH is inversed.

Daily time-series-. of: standardized values of (a) adjusted
evaporation, and (b) to (h) ether meteorological components same

as Fig. 11. Dashed line in each diagram divides observed period

into autumn, 2006 and spring, 2007.

Same as Fig. 12 but in daily variation.
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Table 1. Selected 109 days (boldface) from 6 months.

Table 2. Informations about instruments used for observation.

Table 3. Notation - the following symbols are used in this paper.

Table 4. Meteorological components used in several preceding studies.



Precise Observation and Estimation of Evaporation with using BYL-EV250

Sung-Ho Choo

Department of Environmental Atmospheric Sciences,

The Graduate School, Pukyong National University

Abstract

This study found the recently developed liquid-level observation instrument(BYL-EV250)
shows error caused by temperature difference between water-and air(TDWA). First, we
approached to suggest an adjustment method. And mass-transfer method(MTM) was used
to calculate observational ‘error quantitatively. As a result, simple adjustment equation
was derived. It became, possible to derive closer to the real evaporation by adjustment
of observed evaporation by BYL-EV250. And we also found the calculated evaporation
with  MTM almost consist with adjusted evaporation. Second, this study raised a
question from preceding: studies based on MTM. Most studies observed air saturation
deficiency(ASD), the source of evaporation, at 1, 1.5 m or higher height. Evaporation
occurs at interface between water. and air. 'So ASD observed closer to the interface will

shows better result to estimate evaporation.

Key-words: free-water evaporation, adjustment analysis, evaporation estimation method,

mass-transfer method, interface between water and air
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Table 1. Selected 109 days (boldface) from 6 months.

Number of

Year | Mon. Date selected days

1 2 3 45 6 78 9 10 11 12 13-14 15 16

Sep. 18
17 18 19 720 21 22 23 24 25 26 27 28 29 30

1 2 3 4 56 7.8 9 10 11 12 13 14 15 16
2006 | Oct. 26
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1 2 3 4 5 6 y 8 9 10 11 12 13 14 15 16
Nov. 19
17 18 19 20 21 22 23 24 25 26 27 28 29 30

1 2 3 4 5 6 N 8 9 10 11 12 13 14 15 16
Mar. 15
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1 2 3 4 5.6 7 8 9 10 11 12 13 14 15 16

2007 | Apr. 16
17 18 19 =20 21 2223 24 25 26 27 28 29 30

1 2 3 4-5 6.7 -8 9 10011 12 13 14 15 .16
May 15
17 18 19 20 2122 23-24.25 26 27 28 29 30 31
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Table 2. Informations about' instruments used for  observation.

Instrument Observed factors Locations Observational error

air temperature, above the evaporimeter, 5

+0.4

Hobo dew point temperature 1.0- m-height 04 C

Smart Button water temperature S5-cm depth +0.5 C
wind speed, . +0.4 ms’

AWS solar radiation 1.8 m height +0.5 ly

evaporation (with
ter of th

BYL-EV250  observing change in center .0 © +0.03 mm

evaporimeter
water-level) P




Table 3. Notation - the following symbols are used in this paper.

Abbr. Unit Explanation

Ta T air temperature at 1 m height above the surface
Tda T dew point temperature at 1 m height above the surface
RHa % relative humidity derived from Ta and Tda

Ts T air temperature at above the evaporimeter

Tds T dew point temperature at above the evaporimeter
RHs % relative humidity derived from Ts and Tds

Tw T water temperature at 5 cm depth

\Y ms” wind speed at 1.8 m height

S ly incoming solar radiation

Eo mm 50-min running mean of observed 10-min pan evaporation
Ee mm estimated 10-min_pan-evaporation

Ea mm adjusted 10-min pan evaporation from Eo

er hPa vapor pressure at temperature T

_10_
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Fig. 2. The schematic of BYL-EV250 observation system.
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(a) observed evaporation (b) solar radiation

_0.10 30

£ =
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(c) air and water temp. (d) dew-point temp.
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o o
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90 3
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Fig. 3. Composite diurnal time-series of (a) observed free-water evaporation in
mm, (b) incoming solar-radiation in ly, (c) air temperature at 1 m height
from surface(black dashed :lin¢), at above "the.- evaporimeter(black solid
line), and water temperature(red—solid.line)—in—C, (d) dew-point at 1 m
height from surface(dashed line) and at above the evaporimeter(solid line)
in C, (e) relative humidity at 1 m height from surface(dashed) and at
above the evaporimeter(solid line) in %, and (f) wind speed in ms”, with
10-min interval. Vertical dotted lines are located at every 6 hours in

whole diagrams.
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Fig. 4ol 5171 AlZke] ASDel| tist #=% S =F(Eo)e 4AH4

AR 374 S T3l 00060 ek= 3 FAF7 =EE
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E
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0.00 :
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ASD (hPa)

Fig. 4. Scatter diagram of ASD-vs observed evaporation(Eo) for 51 data from

composite  diurnal” time-series - that the difference . between

temperature(Ts) and water temperature(Tw) is less than 0.5 TC.

Eo (mm)

y=0.006x
R%=0.707

0 10 20 30
ASD (hPa)

Fig. 5. Same as Fig. 4 but for 3034 data from whole observed data.
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(a) Eo and Ee (b) Tw and Ts
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E o
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Fig. 6. Composite diurnal time-series of (a) Eo(solid line) and Ee(dashed line) in
mm, (b) Ts(solid line) and Tw(dashed line) in C.
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Fig. 7. Diurnal time-series of TDWA(dashed line) in C with an ordinate on the

left-side and Eo-Ee(solid line) in mm with an ordinate on the right-side.
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Fig. 8. Scatter diagram of TDWA vs Eo-Ee.
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Fig. 9. Scatter diagram of estimated evaporation vs -adjusted ‘evaporation (a) in

10-min evaporation, and.(b)“in~hourly evaporation:
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Fig. 10. Scatter diagram of (a) ASDa vs Ea, and (b) ASDs vs Ea.
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2 SHEs AL AAR ofg] Aol e, FdFE, T, A,
¥ 355712 (vapor pressure deficit; VPD) &2 714 Q47F AFEH

Atk Table 4oll= SEF FA2S AAGT B 7HA AFEolA 229 &

§ el dvh} adAoR FRY AL g8 F duA F 7

A AR (T s

o

T)oll A B LR

Table 4. Meteorological’ components used in several preceding studies.

Ta Tw  RH VPD ASD 'V S
Dalton(1802) %
Fitzgerald(1886) * %
Harbeck et al.(1958) * *
Morton(1968) * * * % *
McGuinness and Bordne(1972) * *
McGinn and McLean(1995) ps * *
Rasmussen et al.(1995) * * *
Burba et al.(1999) * * *

% Abbreviations : Ta (ambient air temperature), Tw (water temperature), RH
(relative humidity), VPD (vapor pressure deficit), ASD (air saturation deficiency), V

(wind speed), S (incoming solar radiation).
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Fig. 13. Daily time-series of standardized values of (a) adjusted evaporation, and
(b) to (h) other meteorological components same as Fig. 11. Dashed line
in each diagram divides observed period into autumn, 2006 and spring,
2007.
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