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Table 1- Mathematical expression of the studied daily-to-subdaily air temperature disaggregation models
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Table 2- Descriptive statistics of the meteorological variables in the study regions
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Abadan  Ahvaz Abadan Ahvaz Abadan Ahvaz Abadan Ahvaz  Abadan Ahvaz Abadan Ahvaz
Sl
< 050 0.50 -4.00 -5.40 6.00 3.40 000 000 0.29 0.15 3.15 2.98
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)'S b 1543 21.61  43.40 38.00 53.00 54,00 86.00 107.00 4.50 3.75 28.83 29.02
Maximum
oSk
M 329 258 18.48 18.67 32.40 32.46 042 063 129 121 18.37 18.15
ean
(30 2) Slyesis i
Coefficient of variation 6254 7331 4386 4379 32.30 3357 627.0057097 3631 3292 3479  37.14

()




YAD jud —018,5 (Y o)los Fe bl (S5 g A:JT i YE.

cowlidlor gLosly (g 5lw il ) iliseo (s (313,18 5 (02)25 (S plol )y A 9 02 Bk 23l Y Jgser
Table 3- Original and calibrated parameters of the studied daily-to-subdaily Weather Data disaggregation models.
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Meteorological variable Model Parameter Original parameter value Calibrated parameter value
WAVE | ¢ 15.0000 15.2700
c,° 0.0000 -0.3297
WAVE | c3? 14.0000 13.6040
Cy? 10.0000 12.5957
WCALC cs? 2.0000 2.0893
Ce° 0.4632 0.4619
c;° 3.8050 2.9003
Cg° 0.0984 0.1082
el ERBS cgbb 0.3600 -1.4319
Air temperature Cio 0.0168 -0.0425
P 0.8220 1.4242
" 0.0138 0.0124
CBE 3.5130 -1.7572
Cia 0.0000 -1.9973
ESRA Cis° 4.0000 2.8611
Ci6° 0.0000 0.9198
™ 17 ® 4.0000 3.2511
clgz 0.3900 0.1826
o Cio 0.0000 -0.0810
oy o L HUM 111 Coo® 0.0000 14.6228
Actual vapour pressure P 0.0000 1.0220
Cp® 13.0000 13.9810
Cos” 0.5000 0.8772
S oK Coa” 0.9000 0.6658
Wind speed Cos® 14.0000 18.5631
Co6? 6.0000 5.4021
o 0.3000 0.1437

& parameters with an arbitrary value
b- parameters with an experimental value
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Table 4- Evaluation statistics used to evaluate the performance of the studied daily-to-subdaily air temperature (°C)
disaggregation models.””

bl slao bl 4,

Jowe Evaluation statistics TS

Model e MAE  RMSE r EF  MSE RSB RNU RLC Finall

ran

WAVE| 03405 15064(8) 2.0392(8) 009817(8) 0.9626 4.1583 2.7878 1.8746 953376 8

'i § WAVE -0.6094 1.2066(4) 1.7116(4) 0.9885(4) 0.9737 2.9296 12.6759 1.2685 86.0555 4
9 U2 \WCALC -0.532 14757(5) 2.0067(6) 0.9832(5) 0.9638 4.0267 7.0282 6.886 86.0857 5
39 Origina  ppes 01079 4.0699(12) 4.8571(12) 0.8925(12) 0.7881 23591 0.0493 7.0274 92.9233 12
3 ?9{,\ edition £ 05808 2.75(11) 4.0745(11) 0.9252(11) 0.8508 166011 20320 6.9627 910053 11
%3 < 5 TM  -0.2742 15754(10) 2.0739(9) 0.9811(9) 0.9614 4.3009 1.7485 0.5847 97.6668 9
b E B WAVEI 0331 14885(7) 2.0076(7) 0.9823(7) 0.9638 4.0304 2.7189 18139 954672 7
E 5 olps  WAVE -00003 1.1325(2) 1.5632(2) 0.989(3) 0.978 24435 0.0000 1.0507 98.9493 2
% B s, WCALC -04734 14802(6) 1.9957(5) 0.9831(6) 0.9642 39829 56263 6.9727 87401 6
2 % Caibraied ERBS 02473 1144(3) 15804(3) 0.989(2) 0.9776 24977 2448 3.2626 942893 3
20 edition ~ ESRA 00651 1.5555(9) 2.1249(10) 0.9806(10) 0.9594 45152 0.0939 0.1122 99.7939 10
TM 00241 09873(1) 1.3588(1) 0.9917(1) 09834 1.8462 00315 05104 994581 1

WAVE| 03458 15114(8) 2.0183(7) 0.9835(9) 09662 4.0736 29351 4.5886 924763 8

,;.&‘ Lt WAVE -0.6404 1.256(4) 1.7922(4) 0.09883(4) 0.9734 3212 12.768 2.9878 842442 4
s 'O WCALC -0.721 1.5207(9) 2.1109(9) 0.9837(8) 0.9631 4.4561 11.6669 7.1766 81.1565 9
o< Oignd  ppps 05484 3.6807(12) 4.4463(12) 09174(12) 0.8361 197698 1521 7.158 913209 12
P edition  Eqpa 0818 2.5555(11) 3.7893(11) 0942(11) 0.8809 14.3587 4.6602 5.8911 89.4487 11
§ g5 TM  -0.2456 1.8085(10) 2.3373(10) 0.9775(10) 0.9547 5.463 0.1041 1.7324 97.1635 10
%3 5 WAVE| 02939 14164(5) 1.8958(5) 0.9854(5) 09702 35941 24035 45057 930908 5
=65 oilps  WAVE -00958 1.1318(3) 1.5376(3) 0.9902(3) 0.9804 2.3642 0.3883 2.5028 97.1088 3
j £ ., WCALC 06798 14915(7) 20583(8) 0.9844(7) 0.9649 4.2367 10.9062 7.2650 818279 7
2 3 Cdibaied ERBS 01323 10847(2) 15003(2) 09908(2) 09813 2251 07779 58675 933546 2
= edition  ESRA 00283 14293(6) 1.9232(6) 0.9848(6) 0.9693 3.6988 0.0217 0.2433 99.735 6
TM  -0.0856 0.9749(1) 1.3506(1) 0.9924(1) 0.9849 1.8241 04013 1585 98.0137 1

L3l e Ao oybol ol 1 Jbo o 3, 8kes 43, Sk (Jos el o 5 3 slasl @)
) Rank of each model based on the calculated statistic is given in the parenthesis
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Figure 1- Comparison of measured vs. estimated subdaily air temperature (°C) via original and calibrated edition of the
studied disaggregation models, using calibration (a and b, respectively) and validation (c and d, respectively) data sets
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Figure 2- An example (Abadan, 12-Aug-2009) of fitness of the original and calibrated edition of air temperature (a and b,
respectively), disaggregation models, original (GK,g) and calibrated (GKin) GK model for wind speed disaggregation (c),

HUM I, HUM 11, and HUM |11 approaches for disaggregation of dew point (d), vapour pressure (e) and relative humidity (f),
where tiel, te, tis are the time of sunrise and sunset at current day and the time of sunrise at the following day, respectively
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Table 5- Evaluation statistics used to evaluate the performance of the GK model for disaggregation of daily wind speed

(msHo
Uyl oyl A,
Evaluation statistics TS
ME MAE  RMSE r EF MSE RSB RNU RLC Fina‘i
ran
o3l dsgoses el Slyg
ol Original -1.1965 1.5779(2) 2.2520(2) 0.7379(2) 0.3649 5.0716 28.2273 34.7041 37.0685 2
(oL olSz) ed't: on
Calibration R
data set 03 (Priuly -0.0799 1.2742(1) 1.7189(1) 0.7952(1) 0.6300 2.9546 0.2159 30.5478 69.2363 1
(Abadan Calibrated
Station) edition
o3l ds goses kol Giulyg
hess Ori_g_inal -0.8033 1.3109(2) 1.9852(2) 0.6707(2) 0.3357 3.9410 16.3722 37.7775 45.8503 2
(3lga olSzs) e‘{ft"on
Validation R
data set oA5 (rtuly -0.0202 1.1251(1) 1.5991(1) 0.7642(1) 0.5690 2.5572 0.0160 24.1251 75.8589 1
(Ahvaz Calibrated
Station) edition
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Figure 3- Comparison of measured vs. estimated subdaily wind speed (m s via original and calibrated edition of the GK
model, using calibration (a and b, respectively) and validation (c and d, respectively) data sets
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Table 6- Evaluation statistics used to evaluate the performance of the studied daily-to-subdaily dew point (°C), actual vapour

pressure (kPa), and relative humidity (%) disaggregation models®
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) Rank of each model based on the calculated statistic is given in the parenthesis
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Figure 4- Comparison of measured vs. estimated subdaily dew point (°C) via studied disaggregation models, using calibration

(a) and validation (b) data sets
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Figure 5- Comparison of measured vs. estimated subdaily actual vapour pressure (kPa) via studied disaggregation models,
using calibration (a) and validation (b) data sets
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Figure 6- Comparison of measured vs. estimated subdaily relative humidity (%) via studied disaggregation models, using
calibration (a) and validation (b) data sets
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Table 7- Evaluation statistics used to evaluate the performance of the daily-to-subdaily solar radiation (MJ m? d%)
disaggregation models”
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i ~0.5621 0.8488(1) 0.9511(1) 0.9963(1) 0.9778 0.9045 34.9303 26.5337 38.5360 1
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Figure 7- Comparison of daily vs. 24-h sum of subdaily solar radiation (MJ m? d™) via dome- and bell-shaped sunshine
duration disaggregation functions, using calibration (a and b, respectively) and validation (c and d, respectively) data sets
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Table 8- Evaluation statistics used to compare the solar radiation (MJ m™ d!) estimates made by YNG and AP models

Ui o,
Evaluation statistics

ME

MAE RMSE r EF

MSE RSB RNU RLC

(U] olKian]) il 031> degasmo
Calibration data set (Abadan Station)

-0.8382 0.8761 1.0028 0.9965 0.9741 1.0055 69.8362 1.5881 28.5758

()‘lybl cli".m.gl) uabw o303 4 oo
Validation data set (Ahvaz Station)

-0.8522 0.8838 1.0193 0.9968 0.9758 1.0390 69.9991 2.3662 27.6347
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Figure 8- Comparison of daily solar radiation (MJ m? d!) estimates made by YNG and AP models, using calibration (a) and
validation (b) data sets
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Table 9- Evaluation statistics used to evaluate the performance of the selected daily-to-subdaily disaggregation models for
retrieving the daily values of the studied meteorological variables
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Introduction: In order to provide more redlistic representation of processes governing the water and energy
balances as well as water quality and plant physiological processes, weather data are needed at finer timescales
than currently are available at most regions. In this study, a physically based framework was developed to
disaggregate daily weather data needed for estimation of subdaily reference evapotranspiration, including air
temperature, wind speed, dew point, actual vapour pressure, relative humidity, and solar radiation. In this paper,
the results of performance comparison of the utilized disaggregation approaches are presented.

Materials and Methods: In developed framework, missing daily weather data are filled by implementation
of a search-optimization algorithm. Meanwhile, disaggregation models can be calibrated using Unified Particle
Swarm Optimization (UPSO) algorithm. Daily and subdaily solar radiation is estimated, using a general
physically based model proposed by Yang et a. (YNG model). Long-term daily and three-hourly weather data
obtained from Abadan (59 years) and Ahvaz (50 years) synoptic weather stations were used to evaluate the
performance of the developed framework. In order to evaluate the accuracy of the different disaggregation
models, the mean error (ME), mean absolute error (MAE), root mean square error (RMSE), and Pearson
correlation coefficient (r), and model efficiency coefficient (EF) statistics were calculated. Different
contributions to the overall mean square error was decomposed, using a regression-based method.

Results and Discussion: The results indicated that compared to the WAVE I, WAVE |I, WCALC, ERBS,
and ESRA models, the calibrated TM model had the best performance to disaggregate daily air temperature with
a EF of 0.9775 to 0.9924. Compared to air temperature disaggregation models with an arbitrary value for the
time of maximum and minimum air temperature, the models in which the above mentioned times are described
as a function of sunrise and/or sunset had better performance in describing the diurna variations of the air
temperature. HUM 111 model (based on cosinusoidal disaggregation of daily actual vapour pressure) had the best
performance to disaggregate daily dew point, actual vapour pressure, and relative humidity with an EF of 0.7266
to 0.8896. In addition, subdaily wind speeds were predicted with an EF of 0.3357 to 0.6300. The results showed
high agreement between daily and sum-of-subdaily solar radiation (with an EF of 0.9801 to 0.9729). The use of
the WAVE Il and HUM 11 (based on linear disaggregation of relative humidity) models can be recommended for
the regions with no subdaily weather data needed for calibration of the weather data disaggregation models. The
results indicate the need for calibration of Green and Kozek model for disaggregation of the daily wind speed at
different regions.

Keywords: Evapotranspiration, Physically-base Method, Subdaily Solar Radiation, Unified Particle Swarm
Optimization
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