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Key Points

Model-based understanding of the complex evolution of land-
energy-water systems as well as their “risks” and “resilience”

Must be able to capture extremes and real failure modes.

Is heavily influenced by human preferences, tradeoffs in 
conflicting demands, and high fidelity representations of 
candidate actions

Should create a platform for understanding state-action-
consequence feedbacks as a function of the information 
available to the actual humans managing the systems
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Red River Basin

Second largest river 
basin in Vietnam

Capital city of Hanoi 
sits in delta, 
threatened by floods

In 2002, UNDP 
estimated annual 
damages of 130M 
USD in the delta, 
50M USD in Hanoi1

1Hansson, K., and Ekenberg, L. (2002). Flood Mitigation Strategies for the Red River Delta, 
in: International Conference on Environmental Engineering, An International Perspective 
on Environmental Engineering, Canada.
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Red River Basin

To provide flood protection to Hanoi and the delta, the Vietnamese 
government has started constructing reservoirs

But how should they be coordinated to 

meet multi-sector demands?
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Multi-sector reservoir demands

Dams provide hydropower
Hydropower currently represents 46% of Vietnam’s total 
installed electric power capacity

Reservoirs provide reliable water supply
70% of Vietnamese population employed in agriculture,
76% of Vietnamese agriculture is irrigated
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But will these demands change? How?
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Population growth in Hanoi could increase water demandsOr urbanization could reduce water demands
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Will the climate change? How?
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Red River System Goals

Find operations for four 
largest reservoirs that

1) Maximize 
Hydropower 
Production

2) Minimize Water 
Supply Deficit

3) Minimize Flooding 
at Hanoi

and are robust to deep 
uncertainties

How should we 

translate and evaluate 

these narrative goals in 

our models?
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Red River System Official Guidelines

Flood Season Dry Season Between 
Seasons

Determine SL 
release

If/then/else statements 
that depend on: 
t, sSL, sHB, sTQ, zHN, fcst

Determine HB 
release

If/then/else statements 
that depend on: 
t, rSL, sHB, sTQ, zHN, fcst

Determine TQ 
release

If/then/else statements 
that depend on: 
t, rHB, sHB, sTQ, zHN, fcst

Determine TB 
release

Unregulated. Use 
release from one of 
our optimized policies.
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Red River System Official Guidelines

Flood Season Dry Season

Determine SL 
release

Determine HB 
release

Determine TQ 
release

Determine TB 
release

Determine TB 
release

If sTB < sTB, lower target Else

uTB = 0 uTB = uTB, min

Between 
Seasons
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Red River System Official Guidelines

Flood Season Dry Season

Determine SL 
release

Determine HB 
release

Determine TQ 
release

Determine TB 
release

Determine TQ 
release

Determine TB 
release

If sTQ < sTQ, lower target Else

uTQ = 0 uTQ = uTQ, min

Between 
Seasons
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Red River System Official Guidelines

Flood Season

Determine SL 
release

Determine HB 
release

Determine TQ 
release

Determine TB 
release

If sHB < sHB, lower target Else

uHB = 0 uHB = uHB, min

If t!=(27,28,41,42,55,56)

Dry Season

Determine TB 
release

Between 
Seasons

Determine TQ 
release

Determine 
Preliminary HB 
release



1310 May 2018

Red River System Official Guidelines

Flood Season

Determine SL 
release

Determine HB 
release

Determine TQ 
release

Determine TB 
release

If Qdry,lim-qTOT<0 Else

uHB = 0 uHB = Qdry,lim-qTOT

If t=(27,28,41,42,55,56)

Dry Season

Determine TB 
release

Between 
Seasons

Determine TQ 
release

Determine 
Preliminary HB 
release
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Red River System Official Guidelines

Flood Season

Determine SL 
release

Determine HB 
release

Determine TQ 
release

Determine TB 
release

Determine SL 
release
uSL = max(0,q needed to 
raise sHB to sHB, lower target)

Determine 
Preliminary HB 
release

Dry Season

Determine TB 
release

Between 
Seasons

Determine TQ 
release
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Red River System Official Guidelines

Flood Season

Determine SL 
release

Determine HB 
release

Determine TQ 
release

Determine TB 
release

Determine SL 
release

Dry Season

Determine TB 
release

Between 
Seasons

Determine TQ 
release

Unregulated. 
Use release 
from one of 
our optimized 
policies.

Determine 
True HB 
release
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Evolutionary Multi-Objective Direct Policy Search 

(EMODPS)

Computationally efficient method for solving high-dimensional, 
multi-objective control problems

Step 1:
Parameterization

Mar
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Evolutionary Multi-Objective Direct Policy Search 

(EMODPS)

Computationally efficient method for solving high-dimensional, 
multi-objective control problems

Step 2:
Simulation
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Evolutionary Multi-Objective Direct Policy Search 

(EMODPS)

Computationally efficient method for solving high-dimensional, 
multi-objective control problems

Step 3:
Optimization
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Red River System EMODPS Policies

𝑢𝑡
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Red River System EMODPS Policies

𝑢𝑡 = outputs = 𝑢𝑡
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Red River System EMODPS Policies

𝑢𝑡 = outputs = 𝑢𝑡
𝑆𝐿, 𝑢𝑡
𝐻𝐵, 𝑢𝑡

𝑇𝑄
, 𝑢𝑡
𝑇𝐵

𝑥𝑡= inputs = 
𝑠𝑡
𝑆𝐿, 𝑠𝑡
𝐻𝐵 , 𝑠𝑡

𝑇𝑄
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,
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𝑘, 𝑐𝑖,𝑗, 𝑏𝑖,𝑗, 𝜑1, 𝜑2 = decision variables
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Red River System Official vs EMODPS

Flood Season

Determine SL 
release

Determine HB 
release

Determine TQ 
release

Determine TB 
release

Determine SL 
release

Dry Season

Determine TB 
release

Between 
Seasons

Determine TQ 
release

Unregulated. 
Use release 
from one of 
our optimized 
policies.

Determine 
True HB 
release

So how do the 

policies compare?
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Objective Comparison

Guidelines are fully 
dominated, and domination 
should increase with # of 
reservoirs

Do not provide protection 
to the 100-yr flood

Range of objectives 
indicates operations 
between seasons matter; 
objectives are not time-
separable

What are the operations doing to 

result in these objective values?



2410 May 2018

Probabilistic Flood Behavior

Guidelines have much greater probability of high water levels
If/then/else rules result in poorly coordinated, discontinuous behavior
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Probabilistic Flood Behavior

Guidelines do not effectively coordinate operations to make use of 
reservoir storage for flood protection
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Guidelines are not coordinating operations well

But why? They use all the same information as the 
EMODPS policies. How are they using this information 
differently?

Adaptivity and information 
feedbacks are key, let’s play with 

a  time-varying uncertainty 
analysis to reveal how
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Time-Varying Uncertainty Analysis

Simulate policies for 1000 years and at each day t, calculate 
1st order Taylor Series approximation of variance in prescribed 
release at each time step, 𝑢𝑡

𝑘:

𝑉𝑎𝑟 𝑢𝑡
𝑘 ≈  
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𝐴
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EMODPS Policy:

𝑥𝑡

Use central differencing for guidelines
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Time-Varying Uncertainty Analysis

Simulate policies for 1000 years and at each day t, calculate 
1st order Taylor Series approximation of variance in prescribed 
release at each time step, 𝑢𝑡

𝑘:

𝑉𝑎𝑟 𝑢𝑡
𝑘 ≈  

𝑎=1

𝐴

 

𝑏=1

𝐵
𝛿𝑢𝑡
𝑘

𝛿 𝑥𝑡 𝑎

𝛿𝑢𝑡
𝑘

𝛿 𝑥𝑡 𝑏
𝐶𝑜𝑣( 𝑥𝑡 𝑎 , 𝑥𝑡 𝑏)

Mar

Dec

Sep

Jun

𝑥𝑡
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Time-Varying Uncertainty Analysis

Simulate policies for 1000 years and at each day t, calculate 
1st order Taylor Series approximation of variance in prescribed 
release at each time step, 𝑢𝑡

𝑘:

𝑉𝑎𝑟 𝑢𝑡
𝑘 ≈  

𝑎=1

𝐴

 

𝑏=1

𝐵
𝛿𝑢𝑡
𝑘

𝛿 𝑥𝑡 𝑎

𝛿𝑢𝑡
𝑘

𝛿 𝑥𝑡 𝑏
𝐶𝑜𝑣( 𝑥𝑡 𝑎 , 𝑥𝑡 𝑏)

1st order effects of 𝑥𝑡 𝑎: 
𝛿𝑢𝑡
𝑘

𝛿 𝑥𝑡 𝑎

2

𝑉𝑎𝑟( 𝑥𝑡 𝑎)

2nd order effects of 𝑥𝑡 𝑎 and 𝑥𝑡 𝑏: 
𝛿𝑢𝑡
𝑘

𝛿 𝑥𝑡 𝑎

𝛿𝑢𝑡
𝑘

𝛿 𝑥𝑡 𝑏
𝐶𝑜𝑣( 𝑥𝑡 𝑎, 𝑥𝑡 𝑏)

Assume higher order effects are negligible
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Sensitivity of uHB with Best Flood Solution

sHB explains most of variance in uHB during flood season of wet years
sSL becomes important when transitioning to dry season
zHN,fcst becomes important when transitioning back to flood season
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Sensitivity of uHB with Best Flood Solution

In dry years with low hydropower production, the influence of sSL on uHB disappears
But reappears in years with particularly dry dry seasons
State dynamics could reveal why, but clearly policies are adapting to changing state
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Sensitivity of uHB with Best Hydropower Solution

More sensitive to sTQ than best flood solution; it fills the largest reservoirs 
regardless and only responds to changes in smaller reservoir storages

During dry years, forecasted hydrologic conditions become more important
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Sensitivity of uHB with Official Guidelines

Sensitivity of guidelines much less dynamic
Long periods of no variance due to if/then/else conditions not changing
When policies vary, uHB almost entirely explained by sHB or occassionally sSL

These sensitivities are in the 

releases at Hoa Binh, but how are 

the reservoirs coordinating?
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Coordination of Best Hydropower Solution

Structure of sensitivity is 
very similar across 
reservoirs, highlighting 
coordination

All reservoirs taking in 
same information and 
reacting as a system

Interactions are significant
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Coordination (or lack thereof) of Guidelines

Variability in releases from 
guidelines only 
coordinated for reservoirs 
in series, SL and HB

uTQ depends solely on sTQ

uTB depends solely on sTB

Interactions insignificant
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Frequently Ignored Issues for Complex Systems

Simple discrete if/then/else-based human systems abstractions 
lack fidelity and likely to inadvertently ignore major failures modes

Deterministic “fits” to historical observations do not reflect rare 
events or the extrapolation of how they are changing. This is not a 
regression problem…it’s an extrapolation problem

Poor abstractions of sequential decision-making, coordination 
failures, sectoral conflicts, and poor use of information will cause 
severe errors in projecting candidate future pathways

Human institutions, land rights/competition, economic and 
technology transitions, infrastructure investments, etc. all can 
have huge landscape effects with small changes (“lack strong 
causality mapping” & “high hysteresis in time/preference effects”)

1

2

3

4
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Thanks! Any questions?
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Appendix
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Sensitivity of uHB with Different Policies


