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Extended Abstract

Background: Long-term hydrometeorological variables can be used for planning and managing
water resources at the basin level using different physical models, such as hydrological and
hydraulic models. However, such variables are often accompanied by missing data, which makes
analysis difficult or sometimes impossible. Data gaps cause problems in interpretation, model
calibration, and biased statistics. In this study, the validity of a non-parametric random learning
machine algorithm, called MissForest, has been evaluated to fill the gap of daily streamflow series
in a region with scarce data and strong climate variability.

Methods: The daily streamflow data in the gauge stations of the Southern Baluchestan catchment
were analyzed in a long-term hydrological period (09/23/1972 to 09/22/2018). First, the
missingness percentage was selected based on a conventional criterion (less than 50%) as an
acceptable ratio of the missing rate in the streamflow data, followed by investigating the
mechanisms and patterns of the missing data. Accordingly, the number of gauge stations was
reduced to seven samples. Then, the temporal distribution of the missing daily streamflows during
the months of the year and the relative frequency of gap length were investigated during the
period. Next, the performance of the missing data reconstruction algorithm was challenged with
two different artificial missing data scenarios. Two types of artificial gaps were generated, namely
a) Removed contiguous segments: at each gauge only a segment (having lengths of 7, 14, 21, 30,
60, 180, and 365 days) was randomly removed from the entire record (1972—-2018); b) Removed
single data points: observed values (30, 60, 90, 120, 180, and 365 days) were randomly removed
from the entire record (1972—-2018) at each of the gauges. MissForest was applied to fill the gaps
contained in the records together with the artificial gaps. Our analysis includes reconstructions of
the 19722018 period at each of the streamflow gauges. Finally, the performance of MissForest
in infilling daily streamflow data was tested by comparing the filled series with the observed data
using goodness-of-fit (GoF) indicators, coefficient of determination (R?), the percent bias
(PBIAS), and the Kling-Gupta efficiency (KGE).

Results: The MissForest algorithm generally performed satisfactorily, allowing for accurately
and reliably simulating lost data quickly and automatically. The performance of the MissForest
algorithm is highly dependent on the number of predictor records, record length, and streamflow
type. Finally, the reconstruction of real gaps in streamflow data was possible by applying this
intelligent algorithm. The river flow time series were simulated with the natural flow regime with
good performance; however, this performance dropped slightly for flow rate changes as a result
of water storage and diversion for irrigation, especially downstream of dams. The performance of
this algorithm in filling the daily time series of flow with severe changes in the flow regime, such
as peak discharge, was not evaluated optimally. This drop in performance is more related to the
hydroclimatic conditions of the studied watershed than the structure of the algorithm. The
reconstructed hydrographs allow for analyzing flow variability and their interaction with key
climate variables.

Conclusion: The MissForest algorithm is introduced as one of the imputation methods based on
machine learning with high credibility and performance in reconstructing the missing data of the
daily streamflow. It can also be used automatically and intelligently in the reconstruction of the
statistical defects of the river flow in the scale used daily. Future studies are suggested to analyze
the effects of different watersheds with specific hydro-physical-climatic characteristics on the
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performance of the MissForest algorithm. The other issues that need to be addressed in future
studies include the investigation of the proposed method of this study in other climatic and
geographical regions, the sensitivity measurement to the rainfall and flow regime, and finally, the
investigation of its performance compared to other common methods.
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Figure 3. Distribution of missed data in streamflow gauges along the months of the year in study area


http://dx.doi.org/10.61186/jwmr.15.2.49
https://jwmr.sanru.ac.ir/article-1-1262-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.49 ]

oy

Sord g 9 sexe Gl o905k A lia )l dlg
VEY /Y oylods /el Jlo jusul 059> Ca ppe aoli gy

0.22

Relative frequency
o o o
2 o 4
N N -]

°
-

0.08

0.06

0.04

| 1 1 1 1

N v D * o © A

>

1 I
TR R T I I g
]

Gap lentght (day)

adllas 3590 dilaio oyl > (clrolKiwl )3 (oylol (St Jobo i Slglyd —F S
Figure 4. Relative frequency of gap lengths in streamflow gauges in study area

&S oy 2l (6505l o] iS55 Cawl oad
sy Haidyge (Sriwe] @fb ly s dlold oy yias

slass 4y MissForest o oS Ll as’cpl (—wyp sy
Cwl u,\_m); Jl> 2 &S L5|°J‘9)’ 92 )2 odieS dl.m)a)
Slgzy MissForest o'yl 5l L (oauie 59, din) Al b
[FRPRPN, odla oilo Bl o _iied sodls eSS Lg]).g
) oantie3 e Jluw cglie dlus (b0l (gly) opilaass
dlb}ﬁ) .)IA;; 4{&[})) (JL») \°V 9‘”’ £Y’ <\0 c\’ ;\c ‘Y‘
o 1y (o) YPO 9 YA+ v ) ouis (gjluwdud 00 inS
@ by oditieS Sl > (mpin 83 (pioren NS (o0
Gk jl MissForest ;o oa 5 oailouS (glan,eS ) sl
03wl 3590  rwwo] (clnolKiu! Slasi 0,05 ol 53]
il (o] o] £ 5 V) oaiiS o i lgied
Y acgazee 5l MissForest » Slas oo 5L ol oad ool
odblie g 0dudy (sla sy duwlio lawg L;wui oK
R2 Jolis iyl 2550 sl yas i _5‘ oalat_wl b oa
Lol 01 iolo3l KGE 4 PBIAS

0ad (gjlwded 5 00 ol (S8l S5 0m (8) JS
o9 hlisee by iy 3 |y il ol )
38des )l e gLt (a9 pliash 5y
ol Sloj g —w sBS_s 3,5, 5> MissForest
IS IS ey il oa s wyp oyl opl 5l il
5 o ol b (sda odd ssalie ol So 0
Ol g 00 Adgish d)lae ded jd YL Lnd isles
2 bl 48 (S slosaly ) oS an3 e
MissForest 5,Slos y5 (ot sl 58 cilonds z8lg bl

daieS S i 11 5 Sl
05 501 3 dodly S duoyd Judod g 405 gl
ool IS 5b snieS JSin wiyeSl 5Skee b))
3,Slos canl sl asuie (V) USG5 j0 a5 4565 len
l{ odiaS Lgl.mo)b Lg)L..:)L » IXWN S J§4> N“)?iu
Ll 035 0a,iS ol & eouas oS o3l gyl
Slite slopasy J oo oo (SaieS 555 sl
Gy rwlasl bld cool p5Y aib alag, obys
gk ol 2 935 Blod e oglise ] sl
ol 9 39 CandSy osly (alale) Jloj (SauieS 565l
o 5 s Al gos 13355 0l 9 sl sl
Rl Slagyjliw 0.8 (e bl S Jsb
ol Ay odly > egune IS £45 93 (oplplo Sl 0
Ty oKl o ) tdiwen sba yisy Bls (V.
(155 Y70 3+ X+ XY OF I (slo b L) (i oS, i
0l s (VAVY=Y+VA) o il 090 JS 51 Boka jaboay
4 by ol sdalin polis ol bla SO Bl (V .ol
JS 5 iolas ysbody (¥50 9 YA+ Y+ Ar o Fe clajs))
Bl C;WQLP o] 2 53 (VAYY=Y+ VA) o 5 090
RSy sl MissForest oo, woles jd il
ool 0ad odlatwl WdyeSy 3 dg3g0 Loian (A
@l awlio b ooyl ol Gk 5l odel Cawdty s
Gy 2 (LR) (5 ey b 5l oad dmeloxs
Lo ad omwsS, sl ol 03) e l0g-log space
o] o Bolal sddaS e gbrgy plo I eolaiwl
dpslome (il oSyl (355005 g 390 (o]


http://dx.doi.org/10.61186/jwmr.15.2.49
https://jwmr.sanru.ac.ir/article-1-1262-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.49 ]

OA

ojox 5L

slaglap ores 5 35 5ol oje

Slasly 5y o 5S 5 oy

Sorad Rop 9§97 Glow 9065 des tiayl )] dlg

oddiaS JSin o6 5l eolatl b ailsagy diljsy b ,s odied sbaodly (g5lwsl

oS S)L dale cod (Boe glawy o | o5 gl

20 45 T T T r
SFG, Pirdan, 2010
SFG, Pirdan, 2010 Qobs 40 - Qobs -
Qsim Qsim
16 1
30 - q
12 1
9 )
o .
= T
<1 G20+ 1
8 4
ol | 10+ H
LLAMI.M‘MMMM‘I‘M ond Ll}‘ A.k adnil ‘
1Jan 1 Mar 1 MAY 1Jul 1Sep 1 Nov 31Dec  1Jan 1 Mar 1 May 1Jul 1Sep 1 Nov 31 Dec
160 T T T T 20 T T T T T T T
SFG BahoKalat 2016 SFG ChanDokan 2014 Qobs
80 Qsim |
140
70 9
120
60 4
100
@ G0 |
“g 80 e
o o 40+ q
60 -
30
40 -
20 1
20 - L 1] -
0 wve A Ak, N o, 0
1Jan 1 Mar 1MAY 1Jul 1Sep 1 Nov 31Dec 1 Jan 1 Mar 1 May 1Jul 1Sep 1 Nov 31 Dec
600 T T T T T T 1600 T T T T
SFG Pishin 2014 Qobs SFG PirSohrab 1982 Qobs
Qsim Qsim
1400 - ]
500 -
1200 -
400 1
1000 -
@ Q
“g 300 1 g s
o o
200 1
100 - 1
R u~—f “ SUUSRET! WSS S—— A
1Jan 1 Mar 1 May 1 Jul 1 Sep 1 Nov 31 Dec 1Jan 1 Mar 1 May 1 Jul 1 Sep 1 Nov 31 Dec
1000 T T T r T T T T T T T 35 T T T T
SFG Karyani 2009 Qobs SFG Kahir 2008 Qobs
900 - Qsim | Qsim
30 4
800 -
700 - B )
600 -
Q
“g 500
® a0l
300
200 -
100 - l
N
M T h T
1Jan 1 Mar 1 May 1Jul 1Sep 1 Nov 31 Dec 1Jan 1 Mar 1 May 1Jul 1Sep 1 Nov 31 Dec

dilisee Sloj slaosl ,d o] (slrolKiw) ond (gjlwand 5 Lol ol S un -0 S
Figure 5. Observed and simulated hydrographs in streamflow gauges during different time periods
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