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1. Dynamically Dimensioned Search (DDS) Algorithm



Dynamically Dimensioned Search Algorithm (DDS) Brief
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2. Introduction of a Parallel DDS Interface



2.1 DDS Parallel Running Concept
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Abstract

[1] A new global optimization algorithm, dynamically dimensioned search (DDS), is
introduced for automatic calibration of watershed simulation models. DDS is designed

| for calibration problems with many parameters, requires no algorithm parameter tuning,
and automatically scales the search to find good solutions within the maximum number
of user-specified function (or model) evaluations. As a result, DDS is ideally suited for
computationally expensive optimization problems such as distributed watershed model|



2.2 Introduction of parallel DDS interface
O Interface (1/3) - SWAT+ Setting
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U Interface (2/3) — Parallel Setting

2.2 Introduction of parallel DDS interface

+ Original and Parallel running path for

DDD parallel calibration ~ File
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EF MainWindow - [Preview] - Qt Designer
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2.2 Introduction of parallel DDS interface

] Statistical results

* Parameter record ------------------

- EaCh |terat|0n 7283000 18015234 m_4_1172 633.03 657.86 413.43 265.05 174.29 0. 63.17 60.21 56.71

* Statistics on time series/FDC ------------------

data Yearly 7285500 18016786 m_6_2745 4039.83 4014.50 16.00 0.8 6.9 -99.82  67.38 61.73 0.1 63.12

- NSE, r, R?, Pbias, KGE, RMSE,
RSR, median simulation,
median observation, mean

simulation, mean ------------------

observation 7285500 18016786 m_6_2745 4039.83 4014.50 27.00 0.9 0.3 -80.03  85.27 1.15 6.49 67.68  16.33  81.79
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A case study on DDS parallel calibration in UMRB

. NAM model framework

NAM inputs
DDS parallel calibration in UMRB
Calibration results
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1. National Agroecosystem Model (NAM) model Framework

RunningOrder

33 running orders

Process Based SWAT+ Simulation
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» National Hydrography Dataset V2
- 2.6 million digitized reaches
-2121 HUCS8s

» Water bodies
- Lakes/Reservoirs
- PL-566
- Farm Ponds

» Point Sources
- EPADMR

White et al., 2022
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2. NAM inputs { {
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Land use (CDL) and crop rotations (5 yrs)
Soil: SSURGO (Vector)

Slope: DEM (10m)
Irrigation
Tile

Crop type
CropType

= gg
1 Comn
12 Sweet Corn
141 Forest
176 Grassland
195 Wetland
Spring wheat
Oats
Alfalfa
Sugar beets
Dry beans
Soybean
Peas

Five years (2013-2017) of crop rotation in HUC10: 0701020505

Yang & Roy, 2014, 2016

5 @::
-
22 ONRCS

Publication Date: 12/8/2015

SSURGO, ge

provider and employer

SSURGO

1000w 100°00W

Weather data: NEXRAD, PRISM, Station data at HUC12 level
Tillage: County level

Fertilization at country level

Conservation practices

Decision tables (reservoir, crop mgt, scenario...)

<2500 = X
Irr Freq 2501 - 10000 = -
2 10001 - 20000
£ 20001 - 50000 y
50001 - 100000 &
100001 - 150000 | <2500
150001 - 579845 2501 - 10000

g N
Conservation tlﬁ

10001 - 20000 R

20001 - 50000 B
50001-100000  Conventional till2
100001 - 150000 S

150001 - 579846 2501 - 10000
10001 - 20000
20001 - 50000
50001 - 100000
100001 - 150000

Category Release Date

a b c Census Data Query Tool
Use this application to query 2017 Census of Agriculture data. Data are searchable by census table Apr 11, 2019
USDA Census of Agriculture tile drainage area (ha) AgTile-US USDA versus AgTile-US and are downloadable as PDF files. Click here to download the complete 2017 GDQI data set.
; \{\ —_— . 025 USDA National Agricultural Statistics Service
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3. DDS parallel calibration in UMRB

3.1 Background

» A sub-model of (National Agroecosystem Model) NAM (1/19)
» Drainage area: 431,000 km?

» HUCS8s: 131

» HUC12s:6,731

» HRUSs: 1,048,800

» Channels: 187,161

» Calibration period: 1997-1999 (warm-up) & 2000-2018 (calibration)

Daily mean temp. Annual Precipitation ‘; r
(C) (mm) »

Il 30-40 80-9.0
Il 20-50 9.0-10.0

<600 800 - 850 4 prre
v = 600 — 650 850 - 900 » "' #’
Bl s0-60 10.0-11.0 I s50- 700 900 - 950 \ v
. I 6.0-7.0 [l 11.0-120 I 700750 [ 950 - 1000 “
= Alllocal gages (red) in each HUCS8 () P

7.0-8.0 [l 120-130 ——— m— Kilometers 750 - 800 [l > 1000

Kilometers

N

= Relative Error (RE) between median FDCs at gages and corresponding
channels simulated by NAM

= Mean RE in High flow (RE,, Q1-10), Mean RE in Median flow (REys Q10-60)
and Mean RE in Low flow (RE g, Q60-99).

= Relative Error (REyy, p & REy) in Water yield (WYLD) and tile flow (Tile)

—_ * * * * *
» OBJ=w,; *REyy.p+W,* REe + Wy * REye + W, * RE ¢ + Wg * REq + ... Elevation

Developed by Dr. Mike White (USDA ARS GSWRL) - "4

b Low : 68 100:__s200

Kilometers




3.2 Determination of random initial trial and total iteration

2) The trade-off total iteration number (Max vs. Efficient)

1) The trade-off initial random start vs. further iteration number §cores ™ (Srandom + 79further) 1504 | Random: 30
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3.3 Calibration process

» 5 super computers (average cores 140 for each pc)

» Runs at the same time: 6 parallel threads for each HUC8 model * 131 HUC8s = 786

» Total runs for allHUC8s: 131*102=13,362

» Consuming Time: 10 hours
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4. Calibration Results



4.1 Objection function convergence in around 100 iterations for 131 HUCS8s
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4.2 Final improvement by DDS
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4.3 Sensitivity analysis (alpha, flow_min, revap_min & revap_co) - BHUCS8 - 4Parameters - 1/3
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Clustering HUCS8s for the whole §

1010002 7.2 0.0 1.6 82.2
1010003 8.4 2.3 2.3 65.6

1010004 5.7 . 2.8 66.0

> Total 753 clusters
» 3-5HUCSs for
each cluster
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