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“WEAPhIsh”, & “Master WEAPhH

Middle-Ware Link to WEAP
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Outline
Issue, goal and objectives

Background — Previous modeling work
Model properties

Model framework

» Conceptual model

» New model — “WEAPhIsh”

> Middle-Ware to link WEAPhAIsh to
WEAP

Future applications



Issue and purpose

Greenhouse gas reduction - more
renewable energy - incentive for more
small hydropower

Impacts to native fish - challenges for
small hydropower operations

Mitigation measures and impacts to small
hydropower production unclear

Climate change: change water quantity,
temperature and timing - trade-offs



Goal

 Model envisioned as part of an integrated
framework that:

» Assesses trade-offs between water use for
native fish and cost-efficient operations of
small hydropower for energy production

» Evaluates potential effects of climate change
using data from climate models with future
emissions scenarios






Climate change and spring-run Chinook salmon

Downscaled climate projections

WEAP hydrology model

SALMOD fish model

» Demographic rates

>
>

Abundance/survival

Reproduction

Growth

Movement
Each cohort tracked over time & space
Growth, survival & mortality are
functions of water temperature & flow
Habitat, life stage specific

Climate
Downscaled Projections 2009-2099
Daily: P, Tair, RH, Wind

v

Reservoir Temperature Stratification
WEAP-1D

Watershed Hydrology, Hydropower
and Management WEAP
Weekly: Rnet, P, Tair, Wind

v
Gd , TwateD
v

Population Dynamics SALMOD
mesohabitat unit, fish distribution




WEAP: Water Evaluation And Planning model

* Developed by Stockholm
Environment Institute

* Integrates watershed
hydrologic processes with the
water resources management

system

>

Climatic information
direct input

Based on a holistic
vision of integrated
water resources
management — supply
and demand

Pre-Development

Precipitation

Post-Development

Hydrology Model




Butte Creek
Reaches and Subreaches
for Temperature Module Waters h ed

Subwatersheds for
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Butte Creek: SALMOD results

Long-term survival of salmon Is questionable

Water management adaptations may extend survival
Climate Scenarios

» A2:. Salmon gone for all models

» B1l: Salmon may last to end of century
Management Adaptations:

> No diversion: Salmon survival time extended 0 —
1/ years

» Some adaptations led to no improvement in
salmon and loss of hydropower production

Analytical framework may be useful elsewhere



Ways to improve

SALMOD'’s source code Is unavailable, and is no
longer supported by the USGS

SALMOD does not incorporate habitat-induced
migration and movement within the stream habitat,
disease-related stresses, or metapopulation
dynamics

Limited to weekly time-steps
Inconvenient to work with WEAP

Requires detailed input on all life stages and
habitats - simpler

Does not connect generations
No ocean life phase



Modeling objectives

 Develop fish habitat & population model to
forecast the influence of small hydropower on
native fishes in CA streams

» Flexible — apply to multiple watersheds

» Salmon, resident rainbow trout, hardhead

 Dynamically link the fish model to an existing
hydrological model (WEAP)

e Assess trade-offs associated with different water
management adaptations



Population model properties

1. Realism — accurately reflects population
behavior

2. Precision — testable compare to data

3. Generality — applies to all cases

Only get two of three
For management, want Realism & Precision

Build a General model that is Realistic & Precise



Stakeholder Comments

Butte Creek

o Trade-offs between hydropower costs and fish

 Dally time step for hydrology & fish

 Habitat and life-cycle complexity similar to SALMOD

 Model survival & growth during ocean & downstream of Butte Creek
 Hydrology reflects predicted changes in seasonality of snowpack & rain

South Fork American

 Additional habitat class = Cascade (steep, no gravel)

« Warm and cool water species along the temperature river gradient
o Tributaries act as sources of fish

North Fork American

e Habitat upstream of the dam is of interest

« If hydropower facility installed, potential for impingement and
entrainment

 Interest in adding a Reservoir habitat class (with thermal refuge in
summer) to allow modeling of potential habitat use by rainbow trout



Conceptual model

Stream hydrology
» Natural and managed
Climatic conditions

Key ecological relationships to stream
temperature and flow

» Survival, growth, movement, reproduction

Key ecological relationships to physical
habitat

» Capacity, ontogenetic habitat preferences
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Comparing frameworks

Previous

Climate

Downscaled Projections
2009-2099

Daily: P, Tair, RH, Wind

Current development

Climate
Downscaled Projections

) 4

A 4

Reservoir Temperature
Stratification
WEAP-1D

Reservoir Temperature
Stratification
WEAP-1D

Watershed Hydrology,
Hydropower and Management
WEAP

Weekly: Rnet, P, Tair, Wind

Watershed Hydrology,
Hydropower and Management
WEAP

Water flow & temperature

Qmod ’ Twatermod

Population Dynamics SALMOD
mesohabitat unit, fish distribution

FISH Habitat and Population
Model

mesohabitat unit, fish distribution
and movement, spawning timing,
disease

v

VL

Metrics

Fish: Population productivity,
time to extinction

Hydropower: Changes to
hydropower generation
resulting from fish-centric
operations



Model integration overview

Middle-Ware:
Launch WEAP
and Fish Model

C|Imate_ | / \ Fish productivity and
Data: historical

TS vulnerability metrics:
or projections WEAP: | Fish Habitat 1) probability of quasi-
— hydrological Model — extinction;
Water modeling 2) evaluate fish
management produc_t|V|ty for different
scenarios

policy options




WEAPhOIsh Flow

e Configure model

 Load input data: specifies the parameters,
ecological & biophysical relationships, and data
that drive the simulations

e Run the model

 I'll show you (quickly) how to run the model from
the “command line”

» Don'’t worry, Sooyeon and Sam will show you
how to configure and run the model from Excel

 View output data from simulation.



Annual freshwater
population processes
over space and time, for
spring-run Chinook
salmon

Upstream
limit

A

Spring: yr 1

Summer: yr 2

Fall: yr 1

Winter: yr 1

= Spring: yr 2

Downstream , oW




Input data

Defines the simulation period (e.g., model year, length of
simulation run)

Species stages and size classes, number to “seed”

Order that ecological process operate each time step
(currently a week)

Stream characteristics (number of habitat units, type,
length)

Weighted usable are for different habitat types for each
stage in model

Biological/ecological relationships for the species/system

Temperature and flow data for stream segments over all
time steps

Timing and intensity of spawning



Input data

[ T W, e e ]

Shﬂw items with Czl.uck. Look or as an mstant clideshow prion-xt
W, UL Ul Ll gy oomro_p FOCess, T
L= casel ' | = derived
| & chinook_s...xample_sm | Ve flows.txt
L= input_templates ' L= out
L= salmod_chin_1_yr ' Ve relations.txt
L= salmod_chin_all_yrs ' Ve spawn.xt
‘& sample_weaphish_input Ve species_info.txt
| = simpletest ' Ve stream.ixt
| = weap_cases ' Ys supplement.txt

Yo temps.xt
Ve wua_stage_scalars.txt
Ve wua.xt

Take a look at excel



Simulation flow

Create the “habitat” from input files

® For each stream segment and each model time step “map”
the physical conditions

® Temperature
® Flow
® Weighted usable area and capacity [life stage specific]

Seed the stream with adult fish at the beginning of simulation (by
available habitat for stages seeded)

Simulate fish population dynamics given demographic
relationships temperature, flow, and habitat data

View results



WEAPNhIsh code layout i

@) fish_main.py
@ functions.py
@ loads.py

B untitled text 19
B untitled text 47

Python: with Numpy & Pandas; Continuum Analytics Anaconda
distribution L reemotwess

. get_curren t_wua
ishm
get_curren t_tua

get_curren t K

fish_main.py: called from command line or from Master WEAPhish e
| read_species |

spreadsheet, calls loads (via a Python import statement) then runs

make_relation_type_loc

read_relations

COﬂtIﬂUOUS_SIm() 64 from loads.loads import * iyt
" . - is_freshet
65 from functions.functions import * e s

map2str_temp_flow
stage_hab_wua_flow_intpld
map_flow2wua_tua_k

loads.py: reads all input data files, sets model parameters,

read_supplement

Initializes data storage arrays (memory and disk), and maps input oy A

read_state_variables 1,

data to stream habitat ot

functions.py: contains all the demographic functions (growth,

spawn, mortality, movement, etc.), data loading functions, and
support functions for running simulations gk

seed_stream
compute_biomass
spawn
deposit_eggs

spawn_temp_ok 3
- R . . . . - . merge_groups
shift_up
<« » [ fish_main.py < (nosymbol selected) =< msc
a - s . find_new_group
105 simulation_start_time = datetime.now() + cohrt process
rowt
106 graduate
o - . . - set_class_f
107 sim_type = ‘continuous' # only choice, until ‘weekly' implement g WL -
108 seasonal_movement r |

109 v for time_step in range(total_time_steps):

110 print "TIME STEP {}".format(time_step)

111 out_sim = continuous_sim(sim_type=sim_type,

112 time_step=time_step,

113 total_time_steps=total_time_steps,
114 ts_ref=ts_ref,

115 process_controls=process_controls,

116 comp_unit_process_Llist=comp_unit_process_list,



Fire up a model run!

® From the bash shell:

TIME STEP 168
TIME STEP 101

® Set working directory TIME STEP 103

Continuous simulation has run

model run completed. it took 2:11:05.443707

> cd /path/tolinput/data 2015-03-22 17:08:50.201423

real 131m8.237s
user 82m56.236s
sys Bm27.560s

® R un fl S h_m ai n. py SC I'i pt Patricks-MacBook-Pro-2:bc_2018 2011 patrickkilduffs

> python path/to/fish_main.py

6.0 (] bc_2010_2011 — bash — 143x24
Patricks-MacBook-Pro-2:bc_2010 2019 patrickkilduff$ cd ~/Dropbox/fish_model runs/bc_2018_2011/
Patricks-MacBook-Pro-2:bc_2018 2011 patrickkilduff$ time ipython ~/weaphish/fishmain/fish_main.py
START FISH MAIN

FLOW DATA LOADED

FRESHET DATA IN MEMORY

TEMP DATA LOADED

WUA AND CAPACITY DATA LOADED IN MEMORY

LOADED DATA IN FUNCTIONS, PROCEED FISH MAIN

SHOULD HAVE DERIVED FOLDER LOADED WITH LOTS OF DATA

TIME STEP @

TIME STEP 1

TIME STEP 2

TIME STEP 3

TIME STEP 4
TIME STEP 5
TIME STEP 6
TIME STEP 7
TIME STEP 8
TIME STEP 9
TIME STEP 10

TIME STEP 11
TIME STEP 12
TIME STEP 13
TIME STEP 14



.
2.

START

Fish model input files (write to text, plots)
Launch fish model (command line)
. Initialize: prepare model for first time

step, confirmation plots

Excel Launches

SINGLE PASS All time step flow and temp data — J

FINISH

—All time steps fish data

—All time steps fish data

@ R scripts and functions for visualizing
data.

Je3IqRY YSl} S[2pow 23824 03 Bep Indul S|8UBJAA/SSSD0




Comparing frameworks

Previous
Climate
Downscaled Projections
2009-2099

Daily: P, Tair, RH, Wind

Current development

Climate
Downscaled Projections

) 4

A 4

Reservoir Temperature
Stratification
WEAP-1D

Reservoir Temperature
Stratification
WEAP-1D

Watershed Hydrology,
Hydropower and Management
WEAP

Weekly: Rnet, P, Tair, Wind

Watershed Hydrology,
Hydropower and Management
WEAP

Water flow & temperature

A 4

Population Dynamics SALMOD
mesohabitat unit, fish distribution

FISH Habitat and Population
Model

mesohabitat unit, fish distribution
and movement, spawning timing,
disease

Metrics

* Fish: Population productivity,
time to extinction

 Hydropower: Changes to
hydropower generation
resulting from fish-centric
operations

v

VL

Ocean Climate
survival & growth

4

Increased Interaction
with WEAP

e Evaluate dynamic fish-based
operating rules



Model integration overview

Inputs: Inputs:
Climate, Land Use, Initial Conditions,
Operations Habitat Units

J U

Water Fish
Resource Habitat

Model Model

(WEAP) (WEAPhish)

U

Outputs: Outputs:
Water Quality. Fish
(Temperature, Flow) Abundance

U




Model integration overview

Inputs: Inputs:
Climate, Land Use, Initial Conditions,

Operations \ / Habitat Units

Middle Fish
Resource Ware- Habitat
Model (Master Model
(WEAP) WEAPAhish) (WEAPhish)

Outputs: / \ Outputs: ,
Water Quality Fish

(Temperature, Flow) Abundance




Model integration overview

I puts: ————— ey In puts:
Climate, LandUse,| ~ @ -~ = |Initial Conditions,
Operations g . Habitat Units

o [P — Middle-
Resource Ware
Model s gl (Master
(WEAP) S WEAPhish)

Habitat

Model
(WEAPhish)

Outputs: Outputs: ,

Water Quality Fish
(Temperature, Flow) Abundance
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VEAPhish™?

-

aster_WEAPhisF- Microsoft Excel - = =T EE_J
Home Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat [ '@ = 23
3 A cut Calibri = == ¥~ =¢ Wrap Text General - E:‘L_:é _L_idl __i_dl‘ jm :lr\ z .é-_.ut-jSum v %? }}
~a copy = = = | i= 5= B .2 .00 Candi;anal Format Cell Insert Delete Format El i S-;rt & Find &
Pajte o Format Painter B 7 U- EE = iEE Merge&Center~ | $ ~ % v | %5 5% Formatting = as Table = Styles - . - - <2 Clear = Filter~ Select ~
Clipboard Font Alignment Mumber Styles Cells Editing
B8 - I P
A B C D E F G H | ] K L MW ;
1 ** This macro runs WEAP_model
2 | ** Set the start year (BaseYear) and end year |(EndYear) in VBA before running the model Start Year 2000 |ok
3 | **Path: C:\Users\patrickkilduff\Desktop\test_run', End Year 2001 |ok
4 | ** Ok indicates that it is successfullly connected to WEAP
5 3
G Input_Salmon Run_WEAP =
7 Adjust years, ALL MAs, ALL climate scenarios and ALL GCMs
8 Scenario labels Scenario switches Scenarnios GCM
9 BAL 1 BAU (Clim Chang) 1 1
10 MAD1L ? Cold Water Storage
11 MADZ 3 Mo Diversion/No HP from Centerville PWH
12 MAD3 4 142
13
14 KEY ASSUMPTIONS Key Factor (for Rf)
15 Rf Kc 10 DirName Units
16 Trees 50 11 Ok Delta Change in Temperature |dt) 0 Ok Check the value | cfs2cms 0.028317 Ok
17 Grass 30 11 Ok dp 0 Ok AFZcm 12335 Ok
18 Urban 10 11 ok dpf 0 ok ToFlow 504800 Ok
15 Shrub 35 11 Ok dif 0 Ok AfZcms 0.002039517 Ok
20
= e | | — | = | l
M4 M WEAP ANE WAL, GCM_models System_state_log Control_opfion Control_process  Relations  Spawn  Species_info  Stream  Supplement Wua  Wua_stage_sc||

Ready | "_—_I |

Linking a water resources

|| E 0% (=) [ (+)

model (WEAP) and a fish population model

(WEAPhish) scripted in Python, we developed the middle-ware called
Master WEAPhish scripted in Visual Basic for Applications (VBA®) in Excel



What is "Master WEAPhish™?

Inputs: Inputs:
Climate, Land Use, Initial Conditions,
Operations

Habitat Units
mEAPhish\

Middle- Fish
Ware Habitat

(Master Model
(WEAPhish)

SWE 2

Water
Resource

Model
(WEAP)

WEAPhish)

Outputs: / \ Outputs:
Water Quality Fish
(Temperature, Flow) Abundance

® Repetitive process
® Convenient to store inputs and outputs

® Adjust more than one parameter at each run



What is the "Master WEAPhish™?

..... il el T — T S

Desktop\test_runl,

Fullly

W WEAP: 2015 02 04 BUT_BAU

Area Edit View Schematic General Advanced Help

j

Schematic

¥| — River (7]

¥| — Diversion (7]

¥| & Reservoir (2)

v B Groundwater
v % Other Supply

| @ Demand Site

¥ @ Catchment (34)

¥ - - Runoff/Infiltration (34)
¥ — Transmission Link

v — Return Flow
Run of River Hydro (3)
v & Flow Requirement (15)

V| @ Wastewater Treatment Plant

v| & Streamflow Gauge (22)

Il 1

M huct_GEO
nf_amer_GEQ
B sacsanjoaquinDD
v (® Reaches_clean_project

HodelMName

connected to WEAP

Input_Salmon

Run_WEAP

Macro

key Factor (for Rf)
1

FENE W R Ty _.-.'l____-_--'_ LEIpFLA LD BT L

ol

Hame &L= String
= InputBox( _

-

P

ChUsers'sooyeon\AppDatatLocal\ContinuumiAnaconda'python.exe

WE

EE——

APhish

1t:="2015 02 04 BUT BAU")

reateCbject ("WEAP .WEAPApplication™)

1

o B

Prompt:="Please enter the exact name of the model to ran®™,

= W.Directory + "C:\WEAF Results\WEAPErrors.txt"

rea = Modellame
cenario = "Current Accountas®

vou don't wanna see WEAP Running VBA

= True
Master WEAPhish.=xlsm") .Activate
ELP"™) .Select

h = ActiveWorkbook.Path
= tiveWorkbook.Name
Master WEAPhish.xlsm") .Activate
ELP™) .Select

ng Period of Analy=is in WELE

-

HE
Ll

[
[0




Master WEAPhish Overview

X

<: G dals

Middle-Ware:
Control Inputs,
Runs and § \
Outputs 8
) w
{}Step 1 % .
Climate Tcz
Data: historical WEAP
or projections WEAP: Outputs: NS
hydrologic Temp, Precip Fish
—» and - Habitat
Water allocation | . Model
management model Fish Habitat
: - Model Inputs
policy options

Fish productivity and
vulnerability metrics:

1) probability of quasi-
extinction;
2) evaluate fish

productivity for different
scenarios




hat are Inputs to Master WEAPhish?

Start Year and End Key Assumptions

Year

Factors
Swd_cap 2 Ok
K L SWs_cap 046353 |0k
Rf 10 Ok
ks SwCond 0.11506 |Ok
Start Year 2000 Ks_SwCond FEA RV 04 |0k
End ¥Year 001 ks SwCond FEA P 0.5 Ok
ks SwCond FEA 048 |0k
Dhw_DeepCap FEA_RV 0.013 |0k
Chw_DeepCap FEA_P 024 |0k
Dhw_DeepCap FEA 175 |0k
Swd_cap FEA 0.51(0k
Sws_cap FEA 0.38|0k
f FlowDir_FEA 0.885 |0k
kKd_DeepCond_FEA 0.75(0k
Swd_cap FEA RV 10k
Swil ran FFA P 110k




What are Inputs to Master WEAPhish?

Four Scenarios General Circulation Models (GCMs)

Adjust years, ALL MAs, ALL climate scenarios and ALL GCMs

Scenario lobels Scenario switches Scenarios GO
BAL 1 BAU (Clim Chang) 1 -
MADL 2 Cold Water Storage
MADZ 3 No Diversion/Mo HP from Centerville PWH
MADS 4 1+2

We have 4 scenarios and 12 GCM:s.
User can easily adjust these in the following two cells



How to Run Master_WEAPhish?

(1) Update All Input Data macro (2) Run WEAP macro

B C D E F
' model
w2Year) and end year (EndYeal) in VBA before running the model
kilduff\Desktop\test_run\
successfulllyfconne

Input_Salmon Run_WEAP

VEAP GCM_models System_state log Control_option




How to Run Master_WEAPhish?

(1) Update All Input Data macro (2) Run WEAP macro

B C D E F
' model
2Year) and end year (EndYear) in VBA before running the model

kilduff\Desktop\test_run\
successfullly connected to WEAP

Input_Salmon

VEAP GCM_models System_state log Control_option




What are Outputs from Master WEAPhish?

Linked with WEAPhish

¥ e T—— Master_ WEAPhish - Microsoft Excel T

ﬂ Home Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat

_ -3 Record Macro §ih . » Properties . 'HImport
/j — = ‘;__-‘: =l | Y 5 Prop E T Imp ;'!

— E Use Relative References " o N — ;{,J View Code i;j Expansion Packs ] e
Visual Macros Add-Ins COM Insert Design Source Document
Basic ‘I Macro Security Add-Ins - Mode 1§ RunDialog Panel
M9 - ’ il 1 “
| & ChlUszers\sooyeomiAppDatalLocal\Continuum\Anaconda‘\python.exe |ﬂl-'a—§'-l
a.
a.
BN [ 5526.18852479 L
A @ l__ J
1 ** This macro runs WEAP_model
2 **Set the start year (BaseYear)
3 **Ppath: C:\Users\patrickkilduffy
4  ** Dk indicates that it is successf
5
B
7 L Mas, ALL cli
3
£, 1E
10 2C
11 30
12 41
13
14 KEY ASSUMPTIONS y
15 RF Kc 10' DirName ' ' Units
16 Trees 50 11 Ok Delta Change in Temperature (dt) 0 Ok Check the value | cfsZcms
17 Grass 30 11 Ok dp 0 Ok AF2cm
18 Urban 10 11 Ok dpf 0 Ok ToFlow
19 Shrub 35 1.1 Ok dtf 0 Ok AfZcms
20

s T I [ [ 1 e ki
AR Instruction JRVIFEF Out flows o Out temp gee M= System_state_log Control_option Control_process Reltions  Spawn !



What are Outputs from Master WEAPhish?

Output files: Flow and Temperature Data

A B C D E F G H | K L M

5/25/1999 4EI'.| 40 40 40 40 40 40 40 40 40 40 40 =
6/1/1999 40 40 40 40 40 40 40 40 40 40 40 40
6/8/1999 40 40 40 40 40 40 40 40 40 40 40 40
6/15/1999 40 40 40 40 40 40 40 40 40 40 40 40

1
2
3
4
5 | 6/22/1999 40 40 40 40 40 40 40 40 40 40 40 a0
5}
7
8
9

6/29/1999 40 40 40 40 40 40 40 40 40 40 40 40
7/6/1999 40 40 40 40 40 40 40 40 40 40 40 40
7/13/1999 40.023 40.023 40.023 40.023 40.023 40.023 40.023 40.023 40.023 40.023 40.023 40.023
7/20/1999 40 40 40 40 40 40 40 40 40 40 40 40

10 7/27/1999 40.001 40.001 40.001 40.001 40.001 40.001 40.001 40.001 40.001 40.001 40.001 40.001
11 8/3/1999 36.219 36.219 36.219 36.219 36.219 36.219 36.219 36.219 36.219 36.219 36.219 36.219
12 | 8/10/1999 32.424 32.424 32.424 32.424 32424 32.424 32.424 32424 32.424 32.424 32424 32424
13 8/17/1999 29.006 29.006 29.006 29.006 29.006 29.006 29.006 29.006 29.006 29.006 29.006 29.006
14 | 8/24/1999 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05
15 8/31/1999 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3
16 9/7/1999 20.899 20.899 20.899 20.899 20.899 20.899 20.899 20.899 20.899 20.399 20.899 20.893
17 | 9/14/1999 18.651 18.651 18.651 18.651 18.651 18.651 18.651 18.651 18.651 18.651 18.651 18.651
18 9/21/1999 16.648 16.648 16.648 16.648 16.648 16.643 16.648 16.648 16.648 16.648 16.648 16.643
19 | 9/28/1999 14.759 14.759 14.759 14.759 14.759 14.759 14.759 14.759 14.759 14.759 14.759 14.759
20 | 10/5/1999 401.77 401.77 401.77 401.77 401.77 401.77 401.77 401.77 401.77 401.77 401.77 401.77
21 10/12/1999 4[?9.99—#[&.39—%.39—%35 409.39 4059.3%9 409.39 405.359 409.39 409.35 409,39 409.35

i
22 1 10/19/1999 54,264 56.264 56,264 56,260 56.264 56,264 56,264 56.264 56,264 56,264 56,264 56,2647
4 4 v v IFANEAPT Out_flows Mﬂ GCM_models ~ System_state_log Control_option Contral |




What are Outputs from Master WEAPhish?

|

Different output files for different scenario and GCMs

Mame

Date modified

@ BAL T sresA2 cnrmom3
@ BAL Q) sresA? cnrmcom3
@ BAL Systern state log sresA2 cnrmeom3

17/201512:50 PM
1772015 12:50 PM

@ BAU_T_sresA2 ncarpcml

@ BAU_Q_sresA2 ncarpcml

@ BAL_Systern_state_log_sresA2_ncarpcml
@ BAU Q) sresf? ncarccsm3

@ BALU_Systerm_state_log_sresAZ_ncarccsm3
@ BAL T sresA? ncarccsm3

@ BAL_Q sresf2 mpiechamb5

@ BAU_Systemn_state_log_sresAZ_mpiecharm5
@ BAU_T_sresf2_mpiecham5

@ BAU Q) sresA? miroc3Zmed

@ BAL_System_state_log_sresAZ_miroc32med
@ BAU T sresf? miroc32med

(L] BAU_T sresA2_gfdlem2l

(=L] BAU_Q_sresA2_gfdlcm2l

@ BAL_Systerm_state_log_sresAd_gfdlcm2l
@ BAL_Systern_state_log_ date

EH Empty _file

e For example

1772015 12:49 PM
17/201512:49 PM v

[17/2015 12:49 PM
@ BAU T sresfd cnrmoma

1772015 12:48 PM

1720151243 P (El] BAU Q_sresA2_cnrmcm3
11772015 12:48 PM =

112015 12:47 PM @ BAL_ Systermn_state_log_sresAZ_cnrmom3
[17/2015 12:47 PM

[17/2015 12:47 PM

117/2015 12:46 PM

[17/2015 12:46 PM

11772015 12:46 PM

117/2015 12:45 PM

117/2015 12:45 PM

117/2015 12:45 PM

/16,2015 4:54 PM

/2/2015 5:04 PM
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User’s Manual for Middle Ware
|[Master WEAPhish|

1. What is Master WEAPhish

In this collaborative project called WEAPhish linking a water resources model (WEAP) and
fish population model (Main Fish) scripted in pvthon, we developed the middle ware calle
Master WEAPhish scripted Visual Basic for Applications (VBA) in Excel. The advantage «
using this middle ware is (1) easv repetitive prockss (2) convenient to store inputs and outputs
the same file (3) adjust more than one parameter per rn.

2. How to set up WEAPhish

In the process, the middle ware is named “Master WEAPhish™ excel file is located in director
C-WEAPhish. This excel file i1s saved as “Excel Macro-Enabled Workbook™ and should E
saved in this format all the time.

A The Developer tab is not displaved by default. For those users who have not used VBA

H
o

excel before, please follow the extra steps:

Click on File menu and select “Ontions™ at the end of the menu. In the new window that pons uw ¥
4

How to set up WEAPhish

Enable Macro / Developer in
Excel

Anaconda
Python 2.7

Set up sub-folders in specific
directory

Contact: scyi@ucdavis.edu,
samsandoval@ucdavis.edu







2.

START

|.  Fish model input files (write to text, plots)
Launch fish model (command line)

Initialize: prepare model for first time
step, confirmation plots

Launches

Excel

SINGLE PASS

I All time step flow and temp data —

FINISH

«—All time steps fish data

WEEKLY
EXCHANGE

Socket: externally from Excel or within WEAP?

One time step (week) temp and flow—

R scripts and functions for visualizing
data.

< value for flow-based operational rule

3e31gRY Ysl} S [opow 23240 03 Byep Indul 9|SuBUAA /SS2004Y

<All time steps fish data

End of
simulation




Water Model Inputs

Future applications: 5 F Framework

Policy
Water
Management
Options

Water Model

Climate
Datasets

A 4

SWAP
Economically
optimal cropping
patterns

WEAP
Watershed
Hydrology,

Infrastructure
Operations, In-
stream Flow
Requirements

5F Water Use Models

FARMS Model

_ | (ECONWEAP)

Crop Production

Socio-Economic Metrics

Impact Analysis

v

FOWL Habitat &
Agent-based

Y Foraging

Models
(WEAPwh,
SWAMP)

FISH Habitat
Suitability Model
(SALMOD)

Selected monetary
”\I/InIToLu?-N socioeconomic impacts:
—> —> Household Income,
A?ll;tlsgfs Employment, Value
Added

Other Farm, Fowl, Fish,

FUELS Model

L (LEAP)

Hydropower
Generation

> Fuel, and Faucet
Modeling outputs

FAUCETS Model
(LCPSIM)
Urban Demands
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