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The Open Source model framework ENKI

What is ENKI? Who is ENKI for? BB RegModel: EnkiSimpleTest - SentralRec [ Technology
ENKI| is 8 modular framework for imolementinag hudroloaical or ENKI offers functionality for three different levels of involvement in File View Model Region Parameters Initials Input Outputs Help ENKI is written in C++, and uses a plug-in structure to invoke the
b gny g o -
other environmental models. Both lumped and distributed model construction: - rncn:i.el.h — ' = X 1] Region: Sentralfe PR e subroutines. These are built separately as dynamic-link libraries (DLLs).
models are supparted. ENKI builds 8 madel from a set of | | [——— All subroutines are coded as sub-classes of a generic methaod class,
: : - Ll i AN- aster O : : .
user-gefined subroutines, which operate on GIS data within a Model application: sotporamotes | ||| Hoserorie onoes which is known by the ENKI framewaork. The subroutine programmer can
. : ki1 - Boundaries =region's default ' ' ' ' PFi ' ' :
spatial region. Ru.n and evaluate pre-built models for any response using several = Dimensions. = 200 fows * 130 cokumns rely on a few routines being called in specific situations:
objective functions, choose search algorithm for calibration, and StartdareiN |01 9 2% Setinitls _| o0 | ||| Mssingrcode =-89 000000 . The constructor is called when th neludes the methad
s - - - - - analyse uncertainty arising from input errors or parameter Enddate  [31.08.2001 Set outputs \ " = New scalar e CONSTIUEROT (5 LIl WHET tHE USET NLLEES the MEtbs i e
Also providing calibration and evaluation functionality, ENKI A - P " | maodel, and informs the ENKI framework about the routine's variable
: : : o N f
makes it easy for model developers to implement and test single equirinality. Curent  [0108:2000 Setup MC autocal | AccMeHDept e I interface.
accternp
routines and various model compositions in a fixed framewaork. Inact actevaph = New network e .. . .
| _ ’ Model analysis: Add or replace subroutines, run multi-model reche Albeda +Init() is called when the model is linked to a specific region, and all the
ENKI is now released as open source under GNU LGPL. , | AverageRunoff Delete e . . . . .
ensembles, switch between calibrated and mapped parameters, and sngorn | MC v || Forecastrn || S forecasts || Ensemiierun | | Sim ensembie | BETA routine’s variables are linked to GIS data objects with known spatial
, i ith different distributi he: ithout having t o o —— e — il -- extent. Optional
Establish internal links in the model === E experlment Wlt I’ eren I'S rl‘ u lon SC enes Wl Ou av"ng O , E":'H|FEF[_FH-":'.C |FI|ZIILﬂ Database ) p )
| | | write or compile source cade , — conshum -
e st ot e 1 e e ey | ' Time sres database o louluc e | |Constand Output Database - PreProcess() is called when all parameter values are set, thus for each
LocalName Usage DataType | Connection Description ) ] ] ] New database.. - Dﬁﬁr.ibu’rea dveghgt ' lteratlon durlng aUtU'CallbratlUn DptlUnal
Slflw sl netwok ishls gy Elovtiona omperatur iaions nap uns Routine implementation and testing: Code the core of 3 new R e oBSdscharge2710.1 1 EE@ - Metadat
argetElev static raster evation evation at target locations [map uni | . . . o Mpo “ble. o e d.1. . . . .
ST Pt s A S omiomes) i somatiogram (it ' lumped or distributed subroutine, include it in an ENKI model, and 5 Pl tetaznto 1 11 28 EmpEstTgrad coaich ' Respond() is called for each time step, and implement the process
Range parameter  scalar Trange Range in exponential semivariogram [map units] o . . Import raster group... |:| Rst GridPrec(2710.1.1.1.200. [ =T ele ey s t
Zscale parameter  scalar Tzscale XY distance with same semivar as one vertical unit [ let ENK' handle a“ model admlnlStratlUn and lnterrace COde :I:IRSTDBSSC«&(E?,LLLEDGJE eprc Bqua lIONS.
PriEtgrad parameter  scalar (routine local)  Prior expectation of lapse rate [degC/100m] Import GRIB data... B[ |Rst NDSI_OBS(83.1.1.1,200,
PnSDtgrad parameter scalar PriSDtgrad Prior standard qgvﬂflapse rate [degC/100m]| " el . . .
L neork tsbls | Measred salon tamperaure g | | | | I vt mcar . etmp +Calc() may replace Respond() when the routine is purely vertical.
EmpEstTgrad response  scalar EmpEstTgrad  Frequentistic estimate of lapse rate [degC/100m] \ AS ENKl Contlnues to develop adS d exper[mental tOOL ltS care Apl 1S .
PostEtgrad response scalar PostEtgrad Postenior expectation of lapse rate [degC/100m] Irmport 1CC data (test) E‘qugmen‘tﬁ;
. . : - astDecayRate . . . . - :
also being implemented in Statkraft's forecast system for seldcey Vertical routines implementing Calc() rely an the framewaork for spatial
' l | ' Glacieralb : : : : :
operational hydropower. This common core, the modular design, and GLACIERS looping, and can be used in lumped or distributed madels withaut
* Export ASCl table . . . . . .
koo s emperars g the open source license all facilitate rapid dissemination of new : R Set Files adaptation. Other routines may combine variables with different geometry.
TargetTemp " Scalar @ Raster ( Network IGn'-::ITemp v methOdS ln tU Operatlﬁnal U.SB Export raster group GR|B_FIEE
| GRIB_precdur Read data
GRIE_rhum
OK Cancel | Apply | Help CesE | 1 @ 4 GRIB_shortrad — Write data A minimal ENKI subroutine
— e |. / T e The source code of an ENKI routine is highly compact. Below is the source code for a linear reservair,
Read ——TNOW ' admittedly with the simplest possible numeric solution.
. k FL 1
The ENKI framework recognises the number, tlJDBS, and names of LinearTank:LinearTank() // Constructor, defining the variable interface
- - (
each SUbrOUtlﬂe Varlable' The framework then BXDUSBS the Wh d t . b t d d l . outflow = newmethvar("outflow" true,"'methvar"’, response’,"Outflow from linear tank”);
variables to the user within the proper context, ensuring that: u ISCriouced maoaeis: ;torconst=newmeth:/.ar("st?rconft", true, methvar’, parameter’, Response tank time canstant’,0,1);
Mountainous areas exhibit strong gradients in meteorologu, topography and [and surface properties. é”tgfgvge ”envgﬂv;t:%avféﬂg:agtguetrfeetr:V:tLVg;tha't‘;flogveég tljqu:zrtata?wrllks)t;orage -
- The model is completely and consistently set up ' Monte Carlo Parameter Estimation Setup - | | | | ;
Nistributed — sl wh ———— —— ————— . For nonlinear processes, the use of catchment averages in model equations (ead to biased results. o0l LinearTankeCalcl) / Response function, representing a single lner tank
ISUriouted maps concioe spatisily where necessary Unform+ E i2 i iz Set | For catchment sizes of 10=-10° km?, model errors depend maore on heterogeneity and uncertainty in ( |
- Time series exist for input variables T " V2lue: 8.34438) input dats, than on inadequate model equations. Spatial distribution allows different response from storage->m.value += inflow->m.value; |
Normal e e e T | " MC method | | | | | | outflow->m_value = storage->m_value * starconst->m_value;
- State variables are initialised for the correct date/time Gamma HydraSoi 0 340282E+. 2225 | € Marquardt-Levenberg various parts of the catchments, and emphasises interpolation and downscaling of input data. storage-m.value -= outflow-m_value;
Beta HydraSoil 0 3.40282E+.. 100 Multi-surface gradient return true;
o : : 1 H EP -3 40282E+... 340282E+.. 0186 h usinag the Jacobi
GlS data Sets eXl‘St ror Statl‘c map data Eﬂnr:nlg‘fhum Gzﬂf‘lfhum -3.40282E+... 3.40282E+.. 80 fnejri[ggg?ralgﬂrﬁ}?n;an }
BETA HydraSoil -3.40282E+... 3.40282E+... Uniform(05.5) o ST
ResetSnowDepth Gams 0 5. 40282E+... 30 - - . .
o H}?-:Ii?alggw 0 3.40282E+... Uniform(100.1000) Global shuffled complex Whu d reglonal Callbratlon approach?
Constwind Constwind -340282E+... 3.40282E+. 1 = evolution. Slow and robust e . . . .
, 1 T PeorTMap2:Gams... -3.40282E+.. 3.40282E+.. Uniform(-3.3) for difficult cases Parameter equifinality and poor runoff data in requlated basins encourage the use of several series State of software
S ——— - Rireshold HBVResponse -3 40282E+. 3.40282E+ . 48 o e B(ELE ta reduce the informatian deficit
LF HydraSail -3 40282E+... 340282E+.. 09 anaom . ' ' ' ' ]
Comparison T;STQﬂTa F{efergnce data Start Time End Tims weights RadGrad Idwrad -3.40282E+... 3.40282E+.. O | Ranl:_ir;rm samplingfrﬂm ENK' lS nOW developlng bOth aS a researCh tool anc aS a Slmulatlon englne
et S FostDocayfate.  Gamnow 0 e, LA Unfm(112) B - | | - for an operatianal forecast system. Currently it builds under Windows and
s v et e D et =i MaxdntDist dwrad 0 3.40282E+... 300000 _| | ® DREAM MCMC A set of gauged basins is seen as 3 sample representing the region, enabling estimation of Visual Studig; effarts to remove these platform and compiler dependency
Temporal AR(1) Likelihood SimplSimDischarge OBSdischarge 01.09 2000 31.08 2001 Equal Tsill E Tkn i) S A0282E+. B Adaptive Metr li .
p p g : q e?r'uw H?S?:EF’HQ -340282E+... 3.40282E+.. 0.1 Sane"luzler, reﬁuifﬁsms uncertamtg alsa for the ungauged parts. has started.
epcorr HydraEP -3 40282E+... 3.40282E+.. 12 likelinood-based PMs
rI*lew.ﬂur QOutput / PM specification u1 Maxabedo Gamsnow 0 1 09 ‘ale
MaxLWC GamSnow 0 1 0.1 onditional Univariate ' ' ' ' ] - ' - . : : : :
B e Teng ot : sz so0 e i o In Nt;rweglan mq?ntalqz, reglonal Ca!lt.Jr.athﬂ reguces Naih .Sutc::ffe values by 0.05 0.0; compared to Recent modifications include a full separation of APl and user interface,
R ewnd HydraEP 340262E+.. 340282E+. 06 e caentiocston catchment specific calibration. sensitivity analyses emphasise the meteorology-related parameters making it possible to run ENKI from GIS programs and other software
Spatial 2 — I between two distributed data sets on a specified date perc HBVResponse -3.40282E+.. 3.40282E+. 032 " External list as the most lmportant_ environments
| ST KO HBVResponse -340282E+_. 3.40282E+._. 0007 Parer e e e e O .
Ternporal AR(1) Likeli = [ | MaxlntStats Idwrad 0 3.40282E+... 25 ol pre-existing file
et | kosiah T o s o R * L Ooerationallu. it or to mainta del f | sub-basins. than to calibrate. feed
| ¥zmg2§: Hrﬁe?ligaﬁﬁdm_ Set Seed # MCruns: I_ Store ﬂ'UTF'UT pera lona u, l '.S eaSler O maln alna Common mO e Or Severa SU aSlnS, an D Ca l ra e, ee Source Code and blnarles are avallable rrom the authors) released under
Tamporal HiTWeter o | [ o setfie. | [0 0 Set PM weights Cancel OK and update a model for each reservoir. Forecasts are increasingly needed for arbitrary spatial the GNU LPGL license.
domains; stream intakes, electricity market regions, or river sections with legal flow requirements.




