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Abstract

Streamflow data is crucial for water resource development projects. Acquiring long-
term streamflow data poses difficulties due to maintenance or technological issues. The
use of a mathematical model may reconstruct missing streamflow data. Nevertheless, it is
necessary to calibrate and validate simulation data using precision coefficients. Different
precision coefficients can be used to evaluate the results of hydrological simulations. This
paper presents the suitability and constraints of precision coefficients in evaluating
streamflow outcomes using a hydrological model under three conditions: water balance,
flood, and drought. The simulated data was generated with both systematic and dynamic
errors. Twenty-one coefficients were selected based on the principle of relative and
absolute errors to evaluate the simulated data. Regardless of systematic errors, the findings
indicate that all simulated outcome conditions could be evaluated using several
coefficients such as NSE, NSE;j.1, NSEj.3, NSEq, In NSE, NSEsqq, NSEig, MSE, RMSE, MAE,
RMSRE, and AAPE. These coefficients could analyze the simulation’s accuracy as well as
determine its accuracy tendency. In addition, the precision coefficient RLFDon can be used
to evaluate the simulation results for flood scenarios, and the precision coefficients NSEyL,
Bu, and RLFD,. can be used to assess the simulations for drought scenarios. For dynamic
errors, the coefficients of NSEj.1, NSEig, and RMSRE were suitable for assessing the water
balance and flood conditions, while drought is aligned with the coefficients of NSE.. and
RLFDyL. The results can serve as a criterion for determining appropriate coefficients for

streamflow simulation.
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Zn:(Qi -Qs, )2

d=1-—=2 (10)
zl(|Qsi _Q|+|Qi _Q|)
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AanLAA aurdeaedlads (Root Mean Square Error: RMSE) A1lad sAruAainiad suduysal
(Mean Absolute Error: MAE) A191071 494983A114AATALAG UrMd3a09du1iWS (Root Mean
Square Relative Error: RMSRE) LLazﬂ'WLaga‘uax‘iLﬂai‘Lﬁ?um‘ﬂmuﬁmwamﬁuuiﬂ (Average
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2.2 dayaitldlunisine
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Systematic error Dynamic error
. ; ERROR; ERROR2 ERROR3 | ERROR4 | ERRORs | ERROR6
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_ = _ — — - o —
o o o o o (@4 E o
! e ~ @ 10 5 B W by 3
T | T | S|t | t|T| | &] ]| e
of o o o o o L, A
(0
r 1 1 1 1 1 1 0.531 0.365 0.836 0.835
NSE -1.349 -0.199 | 0.568 0.568 | -0.199 | -1.349 | -4.615 0.365 0.828 0.828

NSEj-1 -0.866 | -0.333 | 0.200 | 0.200 | -0.333 | -0.866 | -1.370 0.446 0.608 0.609

NSEj=s -1.401 0.125 | 0.811 | 0.811 | 0.125 | -1.401 | -11.629 | 0.237 0.921 0.921

NSErq -0.859 0.051 | 0.658 | 0.658 | 0.051 | -0.859 | -2.981 0.352 0.829 0.807

In NSE -6.487 | -1.482 | 0.343 | 0.644 | 0.151 | -0.454 | -2.537 0.353 0.781 0.782

NSEsqno -2.862 | -0.620 | 0.496 | 0.629 | 0.046 | -0.743 | -2.614 0.378 0.815 0.815

NSEiq -38.477 | -6.251 | -0.332 | 0.614 | 0.194 | -0.229 | -15.083 | 0.225 0.642 0.645

NSEuL 0.038 0.509 | 0.823 | 0.823 | 0.509 | 0.038 -1.359 0.759 0.930 0.940

NSEon -65.34 | -32.85 | -11.18 | -11.18 | -32.85 | -65.34 | -106.35 |-115.24 | -16.93 | -9.65

d 0.496 0.659 | 0.869 | 0.924 | 0.837 | 0.754 0.605 0.704 0.955 0.955
di-1 0.349 0.447 | 0.624 | 0.641 | 0.480 | 0.376 0.354 0.625 0.805 0.803
dj-3 0.536 0.769 | 0957 | 0.987 | 0.987 | 0.987 0.785 0.738 0.989 0.989
Orel 0.601 0.730 | 0.896 | 0.940 | 0.871 | 0.940 0.720 0.698 0.956 0.950
Bon 0.700 0.500 | 0.300 | -0.300 | -0.500 | -0.700 | -0.647 0.154 0.015 0.017
Bu 0.700 0.500 | 0.300 | -0.300 | -0.500 | -0.700 | -0.375 | -0.787 | -0.192 | -0.198

RLFDon 0.999 0.890 | 0.644 | -0.800 | -1.333 | -1.867 | -1.894 0.410 0.014 0.031

RLFDu -5.157 | -3.684 | -2.210 | 0.947 | 0.998 | 1.000 -0.709 0.731 0.474 0.607

MSE 84,965 | 43,350 | 15,606 | 15,606 | 43,350 | 84,965 | 203,077 | 22,973 | 6,231 6,226

RMSE 291 208 125 125 208 291 451 152 79 79
MAE 259 185 111 111 185 259 329 7 54 54
RMSRE 70 50 30 30 50 70 102.43 | 4131 21.24 2257
AAPE 70 50 30 30 50 70 86.21 23.87 15.22 15.76

Mnewe Yesfiinisusinfelinissensunanisinass

118



NsaFIneransaansyts T 33 atudl 2 iWeunsngie - Sunem 2567
Journal of Science Ladkrabang Vol. 33 No. 2 July — December 2024

3.2 anumnzaadenisldaunsdisassimann

mi':a"waaaﬂfmmﬂ%ﬂmamﬁﬂ%‘mwfwﬁqaqm‘uam%qLLasﬁwaaqﬁﬁﬂmﬂﬂé’Lﬁmh”u
ARERAILTIIAINITAN TN13TansmsHenfndeurdenseuiuvestss omnWanunsadou
Aunowingnnsied arufananaiiiudnddilunst innnumneauvesiul sy avinnuusiug,
nsdlthvann Teud mmﬂmwammuLﬂuiwuLﬁmmrﬂﬁmamsﬁmwﬁmmﬂﬂmmLﬂﬁaumﬂsﬁa;da
939089 man 91519 NNl ERROR: way ERROR, dUUSEAVSANuMINE 12 d, dis, dre W
NSEon lsiimangaslunisnsiaaeuanugniedog 148 \osngansunanisiraesiminiianu
AanALAdRUgs (Bansuiiteyadianaviniy 0.5 uas 1.5 wirwesdeyasse) nsdl ERROR; laimsld d,
di=s 4a% dre lUN13R59980U W osanliAnssausulimenanssassluvasiidudszdns A
wsiugiadu 7 lalsaudy nsdl ERROR: @991ngufl 1 Wiudmansviunetmanniarueaaiedeou
28190N UAATH d, NSEow, di.1, di=3, drel, Bor, MAE ez AAPE ndU8ausuNan1sinaes iz alal
asldsuiifanarlunisnsiadeu nsdl ERRORs way ERRORs iiudndudszansanuulugiag 9
e UNANIISIaa T avLn Iﬂaé’uﬂizﬁwéﬂawuLLaiu?jﬁﬁaaué’Uﬁaaﬁ'qw A9 NSE;.1, NSEig lhag
RMSRE sfsifulunisnsiaseunnuiianainuuilszuuanuseld NSE, NSEjy, NSEjs NSEr, In
NSE, NSEsqro, NSEio, RLFDon, MSE, RMSE, MAE W&z RMSRE Lﬁammi’mLLas@Lm‘Iﬁmmmm
gniedlunisdraosls urdwdl NSEj:, RLFDo ez RMSRE 9zffigalunisldau uaglunns
Usuiisuamuranatanuunainsa@nsalyd NSEj1, NSEig uay RMSRE Lﬁa@mmmmxaﬂm’ima
diusziunseensuligy

3.3 anumzansenisidunsaisnassiugs
asiianaauuuidussuvazgliidundnlunismsvaeudilssavsamnuuiudumiioutu
nsdumann Tnensal ERROR, 4 ERROR llanansalddulseandanuuiugn r2 d, di=3, dret, MAE
waz AAPE Tunisasaaaeuld @msunsedl ERRORs way ERRORs uanannavaunsaldduussans
A duReiunsditannudn Sedidudsyansanuusiugn NSEuw, By uay RLFDy finy
wanzaslunisnsiadey wasiilefiansananuiianaiavaiun wuinduUsyansaauslugl NSEy
wae RLFDy. Tnan1sinsnesiiia fe lugensunruianainiiinduimun faiududsyandan
wiudsaesdsdanumanraniigalunensadeutoyatvidinssnsdiiugs

3.4 39150lHaN1598
5ﬂLLﬁd'1ﬂ'mi’waaﬁayjaﬁwﬁiumu%’aﬁ%Lﬁ@ﬂi%’“ﬁaaﬂaLﬂmamﬁlﬁmuazﬂLﬁa’ﬂumi
$1a09 unnudsedldaulafasomweBinssaswmiudewssnumnaueunsoslon 1l
MU AN ALTRINS TR0 1@1aﬁagaﬁﬁﬂaaaﬁwﬂu%gaﬁﬁmumiﬁl,ﬁmmiﬁﬂwamLLUU
Huszuuvdeuuunatng Snisdnunzvestoyaiwinduteyaeunsuam ildmsdasananisel
wee 17 Faldifudunuveandle aenadesiusuiseves Krause uazans (7] dlddoya

119



NsaFIneransaansyts T 33 atudl 2 iWeunsngie - Sunem 2567
Journal of Science Ladkrabang Vol. 33 No. 2 July — December 2024

Fuasziiies 1 Tuiu lnglumsed 3 aguanuminzanlunislddudssansanuuiugilu
nsdifinweng 9 Ineran1sidedmsunisldnunsaldiaesaunauikagnsaldiaesimainnuii

A15197 3. AnamEganlun SO udNUsEanSanukaugn

AnuAIzausanislday ANANNZENABNS Y
FuszAns nsdisnaes | nsdih nsdith fuszAns nsiisnaes | nsdlth | nsdith
auqa‘j’l nann WA auqaﬁﬂ nan WA
r? p P P dj-3 p p P
NSE F F F Qe p p p
NSE;-; G G G Bon NU G NU
NSE;s F F F Bu NU NU G
NSEq F F F RLFDoy NU G NU
In NSE F F F RLFDy NU NU G
NSEsgro F F F MSE F F F
NSEiq F F F RMSE F F F
NSE,. NU NU G MAE F P p
NSEqh NU G NU RMSRE G G G
d p P P AAPE F P p
din F F F

wnewn G fe Angalunisldau F de anunsaldould P Ao luwmnzaulunisldanu NU Aeduuszanslineades
Aunsaifnwm

FuUsraAnsaausiugn NSEp: uay RMSRE ffigelunmsldnuiiensisaouanuiiananuuuiiu
SPUVUATANUTEANSANLN UL NSEj.1, NSEig kaz RMSRE LAtNzaud1ns unsianuidanain
wuuains lnedoafiussdumssoniuliigatu 019 mavoniuaruianainvesnissansiifosay
AnuRananani fisdl Anvazmanseaeuiindioudu Ae dudsAvsdinanazasinanuiiang
frdmisomanstoyarimiuasdinaievdndusutoyaiiinislunnesiduseaniau q a
Budnimdsassomanisdoyarmindundn luvmedl Hwang wazane (18] I8lHnguadinis
fnsauniiAnifdsgevenaristeyailinariisdoyaidaieslinaitosadluunaulidma
nsgnustensiansan lumanduiy wasnedeyadifidunnieslimiinnauwiuly sanisasivaey
dmfunsdiunudenuinduUszans anuutugt NSEu s RLFDy Tikan1snsiaaouiia 1ne
dulszAnssansiagnitaunifielinnesinsdiiudeiifiddanmslnavesinirdenidundn
wanslifuidmiumanaseuteyafifiddosaislidudseandafimatautunlaongd
g

120



NsaFIneransaansyts T 33 atudl 2 iWeunsngie - Sunem 2567
Journal of Science Ladkrabang Vol. 33 No. 2 July — December 2024

4. #3UNaN13IY

naFeuiieudulssans anuuduglunisd Taaamanzay 21 9iin vesdayatmi
$roosdsaredulaglidamnuRanarnuuufussuuiasuuunatas nuimnuianaauuuidu
is‘uwamﬂﬂsaﬁﬁwiwﬁwaaqmmsaﬁé’mmzamémmLL;JuETW NSE, NSEj=1, NSEj=3, NSErq, In NSE,
NSEsqrio, NSEiq, MSE, RMSE, MAE, RMSRE Waw AAPE (il ansiadounadnsvasinvinsiaosuay
venuwltiuesnnugniedlunisdtasdld uonanildiussavsamutiugh RLFDox Saanunsald
TunsalumanuasduUsyansanuutug) NSEuw, By waz RLFDy ansnsoldldalunsdiiugs
dmsuanuiianaauuunatasnuiitlunsdaunaiuagivainaiunsold NSE.., NSEq uaz
RMSRE lun1smsiaaeulduidonfinssduresnssensulastu luvaednsdiudsanunseld
Fuuszansanuutiug NSEw waz RLFDy. asaadeuanuivsnzasyeinssiandldegaiime
Lﬁaﬂmﬂé’mﬂizﬁwémmLLajuﬁwﬁgaamhisJan%’UMmﬁmwamﬁLﬁﬂsﬁunﬂ%ﬁm agalsinu Tunsld
mué’mﬂixﬁmfﬁgmmLLnjusJ’W'T’wm%ua&UJﬁ’u@aﬁﬁwaar;lﬂ%mwiaé’wmsmuﬁé’mmi Belunsfinwn
ddenlidoyafivsyaiivuadlidnmsigiluuiasnsd lusuanasinnesiteyaifiuifuile
fusunadmiulfidunasgilunsléauily wesfnwuiuiludeyasynsunatdssiamdu q
Wy Fayariru foyanisseme ma i eveenanisldudulszans aruusiuging o 1
AsouAquiayavindy q 1niu

LlaNa1581984 (References)

[1] Srivichai, M. 2016. The vulnerability of water resources management as a result of
climate change in Chiang Rai province. Journal of Current Science and
Technology, 6(2), 165-171.

2] Tal-maon, M., Broitman, D., Portman, M. E. and Housh, M. 2024. Combining a
hydrological model with ecological planning for optimal placement of water-
sensitive solutions. Journal of Hydrology, 628, 1-9, https://doi.org/10.1016/j.jhydrol.
2023.130457.

(3] Mehta, D. et al. 2023. Improving flood forecasting in Narmada river basin using
hierarchical clustering and hydrological modelling. Results in Engineering, 20, 1-13,
https://doi.org/10.1016/j.rineng.2023.101571.

4] Horta, A., Oliveira, A.R., Azevedo, L. and Ramos, T.B. 2023. Assessing the use of digital
soil maps in hydrological modeling for soil-water budget simulations-implications for
water management plans in southern Portugal. Geoderma Regional, 1-25, https://doi.
org/10.1016/j.geodrs.2023.e00741.

(5] Yu, S., Qin, H. and Ding, W. 2023. Modeling the effects of vegetation dynamics on the
hydrological performance of a bioretention system. Journal of Hydrology, 620, 1-7,
https://doi.org/10.1016/j.jhydrol.2023.129473.

121



NsaFIneransaansyts T 33 atudl 2 iWeunsngie - Sunem 2567
Journal of Science Ladkrabang Vol. 33 No. 2 July — December 2024

Nash, J.E. and Sutcliffe, J.V. 1970. River flow forecasting through conceptual models
part —A discussion of principles. Journal of hydrology, 10(3), 282-290.

Krause, P., Boyle, D.P. and Base, F. 2005. Comparison of different efficiency criteria
for hydrological model assessment. Advances in geosciences, 5, 89-97, https://doi.
org/10.5194/adgeo-5-89-2005.

Jain, S.K. and Sudheer, K.P. 2008. Fitting of hydrologic models: a close look at the
Nash-Sutcliffe index. Journal of hydrologic engineering, 13(10), 981-986, https://doi.
0rg/10.1061/(ASCE)1084-0699(2008)13:10(981).

Perrin, C., Michel, C., and Andréassian, V. 2001. Does a large number of parameters
enhance model performance? Comparative assessment of common catchment
model structures on 429 catchments. Journal of hydrology, 242(3-4), 275-301,
https://doi.org/10.1016/50022-1694(00)00393-0.

Wright, S. 1921. Correlation and causation. Journal of Agricultural Research, 20, 557-
585.

Moriasi, D.N. et al. 2007. Model evaluation guidelines for systematic quantification of
accuracy in watershed simulations. Transactions of the ASABE, 50(3), 885-900.
Hogue, T.S. et al. 2000. A multistep automatic calibration scheme for river forecasting
models. Journal of Hydrometeorology, 1(6), 524-542, https://doi.org/10.1175/1525-
7541(2000)001<0524:AMACSF>2.0.CO;2.

Oudin, L. et al. 2006. Dynamic averaging of rainfall-runoff model simulations from
complementary model parameterizations. Water Resources Research, 42(7), 1-10,
https://doi.org/10.1029/2005WR004636.

Le Moine, N. 2008. The surface watershed seen from underground: a way to improve
the performance and realism of rainfall-runoff models. Ph.D. Thesis, Geosciences and
Natural Resources, Pierre and Marie Curie University.

Pushpalatha, R., Perrin, C., Le Moine, N. and Andréassian, V. 2012. A review of
efficiency criteria suitable for evaluating low-flow simulations. Journal of
Hydrology, 420, 171-182, https://doi.org/10.1016/j.jhydrol.2011.11.055.

Willmott, C.J. 1984. On the evaluation of model performance in physical
geography. Spatial statistics and models, 40, 443-460, https://doi.org/10.1007/978-
94-017-3048-8 23.

Fiseha, B.M. et al. 2013. Hydrological analysis of the Upper Tiber River Basin, Central
ltaly: a watershed modelling approach. Hydrological processes, 27(16), 2339-2351,
https://doi.org/10.1002/hyp.9234.

122



NsaFIneransaansyts T 33 atudl 2 iWeunsngie - Sunem 2567
Journal of Science Ladkrabang Vol. 33 No. 2 July — December 2024

[18] Hwang, S.H., Ham, D.H. and Kim, J.H. 2012. A new measure for assessing the efficiency
of hydrological data-driven forecasting models. Hydrological sciences journal, 57(7),
1257-1274, https://doi.org/10.1080/02626667.2012.710335.

123



