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Assessment of A Non-Parametric Method for
Hydrologic Data Disaggregation in Space-Time
Based On K-Nearest Neighbors (Case Study:
Three Sub-Basins in West of Urmia Lake)
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Abstract

Stochastic parametric disaggregation models that maintain
spatial and temporal correlation are widely used in hydrology.
To avoid high complexity and large number of parameters,
which imposes a significant amount of uncertainty to the
results, the use of non-parametric disaggregation methods has
been widely suggested by researchers as an alternative. Among
the non-parametric modeling methods, the K-nearest
neighbors method proposed by Prairie et al. gains strong
mathematical basis and inherent simplicity. In our work, the
modified disaggregation approach of the K-nearest neighbors
method is used for temporal and spatial disaggregation of
rainfall and river flow values and the method performance is
evaluated. The exploited flow and rainfall data corresponded
to three stations in three sub-basins located at west of Lake
Urmia. The total amount of annual rainfall and flow of the
three stations were generated using stochastic lag -1
autoregressive model (AR (1)). Using the non-parametric
disaggregation model, the generated annual values were
disaggregated into three sub-basins. The annual values for each
sub-basin were then disaggregated into different months.
Comparing statistics of disaggregated data with those of
historical data, showed the good performance of the proposed
disagreation model and its ability to disaggregate streamflow
and rainfall data.
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Table 1- Basic statistical properties of stramflow and precipitation data for selected stations
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0 coefficient

Abajaloo Nazloochai 1290 269.9 36 0.02 1.45

Rain gauge Band Shahrchai 1390 409.3 27 -0.03 0.58

Dizaj Barandoozchai 1325 343.2 31 0.10 0.76

Tapik Nazloochai 1450 372.9 43 0.29 0.94

Stfe:z‘féow Mirabaad Shahrchai 1497 136.6 40 0.18 0.88

0 lashemabaad Barandoozchai 1478 2626 36 0.12 0.94
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Fig. 1- Locations of selected sub-basins and precipitation and streamflow gauge stations in west of Urmia
lake basin
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Mordad 8.66(8.98) 5.33 (10.82) 10.34 (13.87) 2.45(5.92) 3.13(8.74) 2.30(5.95)
Shahrivar 5.51(9.03) 2.43 (10.22) 5.39 (13.15) 2.95(5.70) 3.98(8.61) 2.18(5.48)
Annual  161.89(136.10)  163.65(189.31)  262.65(271.15)  269.95(271.00) 409.27(408.44) 343.23(346.10)
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Table 3- Standard deviation of historical data for selected stations (values in braces are for generated data)
(! 200l 355151 03955 (sdgi (s03IS (g1 Jlre Bl o0l palie) Custiie (GL0Im! (g0 jlre Bl o0l - Jgun

Month Streamflow gauges Rain gauges
(Persian calendar) Tapik Mirabaad  Hashemabaad Abajaloo Band Dizaj

Mehr 4.99(19.35) 0.88(0.98) 3.99(6.26) 16.73(4.57) 24.47(10.08) 24.81(10.83)
Aban 12.62 (22.06)  0.83(0.97) 6.05(7.48) 32.17(12.53) 38.25(10.37) 34.86(12.13)
Azar 12.47 (24.15)  0.63(0.98) 4.90(7.40) 17.98(14.57) 29.70(10.71) 24.78(10.73)
Dey 12.47(23.54)  0.63(0.98) 3.52(6.78) 17.98(8.87) 22.38(16.01) 24.40(14.20)
Bahman 12.32(23.62)  0.68(0.98) 3.78(6.33) 22.96(8.65) 30.13(10.08) 28.68(10.66)
Esfand 19.44(27.60)  0.61(0.98) 7.73(7.00) 23.33(8.84) 29.44(15.26) 29.53(10.04)
Farvardin 59.29(45.36)  0.64(0.93) 15.51(8.00) 27.37(10.15) 38.30(16.40) 33.96(22.35)
Ordibehesht 112.64(60.79) 0.79(0.97)  24.89(11.21) 31.71(16.74) 34.15(19.33) 37.15(14.99)
Khordad 78.09(38.35)  0.67(0.97)  24.08(11.43) 14.49(11.80) 19.33(11.05) 14.43(11.03)

Tir 27.97(21.93)  0.67(0.98) 15.62(8.73) 9.94(8.12) 12.03(8.89) 8.73(7.52)

Mordad 10.39(17.30)  0.66(0.98) 8.62(6.55) 3.76(8.24) 6.31(6.58) 6.26(7.19)

Shahrivar 7.00(16.60) 0.68(0.98) 3.07(6.01) 6.40(7.13) 7.00(6.12) 5.37(7.07)
Annual 372.89(340.65) 0.75(0.98)  95.00(92.17) 95.39(88.57) 111.10(109.99)  104.87(91.59)

g o] solKim] den dlp (S polis wlble pdaw
IS 31 o syl Jged B s VLo s 53 (il
Sy Al 36 b Siaved 355 oy a5 Cdlyd oy o ¥

ool 0085 Wish o> 4 Alale pdaw ;> bolSiu] 51 S gun

P el ol Wil st 4 (Sex W Ty claole
ol dygly a8 ond (ilwand claodly > asls ol (63)lge
P SNex (rawhl ol den ;o dilale pdaw 4o .l
GBM5 35 cillas ] So)b e b osd (gjlwdns (slaodls

E a5
-
5
= 2
o
2 45
[+] -
o
o
:
2 03
-
v
v s & £ > F P P F P
*}1, .(39 A ¥ £ & L P D K rd ol &
- b w <F %$ ﬁ?"\ . 'F-‘b §o“n p\d- h‘_}\-a* c?’;? ‘:‘{5"
o
Generated Generated of Generated of
of Tapik Hashemabad Mirabad
Historical Historical of ____ Historical of
TR of Tapik ™ "™ Hashemabad Mirabad
1=
B 4
5]
=
L]
[=]
b1
o2
7]
:
7]
e
(7]

5

Generated of ~ Generated Generated

Abaialoe = of Band of Dizaj
...... Historical of  Historical Historical

Abajaloo of Band of Dizaj
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Table 4- Spatial correlation among the selected stations (values in braces are for generated data)
(Cowl el 35513 (3950 S5 (G315l (SNimmod 335lEo) Lo (SO ! (L2031 Cple (S0 (Simnnod —F Jou>

Month Streamflow gauges Rain gauges
(Persian Tapik- Mirabaad- Tapik- o . o Band-
calendar) Hashemabaad ~ Hashemabaad Mirabaad  D'Z8l-Abajaloo Dizaj-Band Abajaloo
Mehr 0.56(0.96) 0.88(0.98) 0.60(0.99) 0.84(-0.04) 0.93(-0.44) 0.88(0.32)
Aban 0.69(0.96) 0.83(0.97) 0.71(0.99) 0.86(-0.09) 0.92(0.56) 0.90(-0.22)
Azar 0.62(0.96) 0.63(0.98) 0.54(0.99) 0.84(0.00) 0.90(0.40) 0.78(0.63)
Dey 0.66(0.96) 0.63(0.98) 0.54(0.99) 0.75(0.76) 0.75(0.58) 0.73(0.70)
Bahman 0.54(0.97) 0.68(0.98) 0.61(0.99) 0.91(0.70) 0.92(0.75) 0.88(0.76)
Esfand 0.84(0.97) 0.61(0.98) 0.75(0.99) 0.87(0.56) 0.89(0.82) 0.87(0.56)
Farvardin 0.75(0.93) 0.64(0.93) 0.74(0.97) 0.86(0.67) 0.92(0.72) 0.91(0.82)
Ordibehesht 0.50(0.95) 0.79(0.97) 0.66(0.98) 0.73(0.75) 0.87(0.84) 0.81(0.61)
Khordad 0.59(0.96) 0.67(0.97) 0.87(0.98) 0.44(0.90) 0.76(0.88) 0.49(0.89)
Tir 0.70(0.96) 0.67(0.98) 0.85(0.98) 0.81(0.92) 0.81(0.91) 0.93(0.89)
Mordad 0.75(0.97) 0.66(0.98) 0.85(0.99) 0.44(0.85) 0.45(0.86) 0.40(0.78)
Shahrivar 0.71(0.97) 0.68(0.98) 0.75(0.99) 0.87(0.85) 0.86(0.80) 0.82(0.73)
Annual 0.74(0.97) 0.75(0.98) 0.86(0.99) 0.83(0.95) 0.90(0.98) 0.87(0.96)
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