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JOY JOHNSON:

Great, we will start in a minute everyone. We are just waiting for everyone to come in

from the waiting room. Welcome. We'll just give it a few minutes. It's just coming up at

6:30 now. Few more people to let in.

So I just want to welcome everyone. Really looking forward to this discussion on Just

Climate Policies. And I welcome everyone, we're going to begin in a good way. And ask

my friend elder Margaret to start us off. Elder Margaret George is of the Skawahlook

first nation and she is going to offer us a welcome. Over to you Elder Margaret.

ELDER MARGARET:

Thank you, Joy. Welcome to the first nations territory of Coquitlam, Musqueam,

Squamish Tsleil Waututh and the shared territory of SFU in Vancouver. It's great to be
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with you this evening and thank you for all the good work each and every one of you are

doing. A very quick prayer and you can get your event going. Great spirit, thank you for

bringing us together this evening. Just guide each and every one of us on a path that

we are on. Always letting us remember that we are the leaders and the mentors of

those who follow us. Especially the young ones and the little ones who witness what we

do and what we say. I ask the Great Spirit to thank the communities from which we

come from in our families for allowing us to do the work that we do. And a very special

blessing on each and every one of you with the work that you are doing for SFU. And

especially for you Joy as a President of SFU, a very, very good leadership you're

teaching us. Great Spirit, thank you and all my relations.

JOY JOHNSON:

Thank you very much Elder Margaret for starting us off in a good way. Thank you for

your words, and thank you for your special acknowledgment as well. I really appreciate

it. And such a good reminder about all the roles all of us have in terms of being leaders.

I want to begin by acknowledging that I am privileged to be speaking to you today on

Burnaby mountain. And these are the unceded traditional territories of the Musqueam,

Squamish, Tsleil Waututh and Coquitlam people. And I do want to pay my respects to

elders past and present. And just to acknowledge what a privilege it is for SFU to have

this campus on Burnaby mountain. I am really looking forward to tonight as I said. And

we're going to be getting to this President's faculty lecture with Taco Niet in just a little

bit. His presentation is on Just Climate Policies: modelling for evidence-based decision

Just Climate Policies: Modelling for Evidence-Based Decision-Making
Live Transcript by Accurate Realtime Inc.

Page 2 of 41

/publicsquare/events/2022/taco-niet.html
/publicsquare/events/2022/taco-niet.html
https://accuraterealtime.com/


making. So as many of you know, the President's faculty lectures are really part of SFU

public square. And this is a signature initiative of SFU's vision as an engaged university.

It's an opportunity for us to share the wonderful research and ideas of our faculty. By

providing you with opportunities to hear from and engage with leading researchers,

these lectures are designed to enlighten and promote dialogue on important issues of

public interest. And I can't think of a more important issue than the issue of climate

change. So this current series of six lectures is exploring the topic of equity and justice

from a variety of disciplines. And it really is a fitting topic for our times I think as we all

can acknowledge. We are thrilled to host the first two lectures in the series as hybrid

events. So we had some face to face. And we live stream those events from SFU wood

ward's building with a very small in-person audience. The decision was made to return

to an online only event due to the new wave of the pandemic.

And I'm really hoping that we'll be able in the near future to return to in person

President's faculty lectures in the near future. So in the meantime here we are, back in

the zoom room together and we are marveling at what a great technology it is. It does

give us an opportunity to hear researchers like Taco Niet and to engage in some

discussion. I really, to make this happen I'd encourage everyone to introduce

themselves in the chat. Let us know where you're joining from. I note we have 128

participants online tonight and that's fantastic. So if you want to share where you're from

and just say hello, that would be fantastic.

Another little piece of housekeeping, we're going to have a question and answer period.

So listen with developing good questions in mind. And we're going to be using an app
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called slido. And slido can easily be accessed either on your computer or on your

phone. And you can just look for that app. You don't need to sign up or need an app.

Just look for the website. Go to sli.do in your web browser and then it will ask for a six

digit code. And the code is shown here. 151 020. Pretty simple, you can submit your

questions at any point during the event and we'll keep an eye on them. And you can

upload other people's questions by indicating you think it's an interesting question to be

posed. And I'll start with some questions of my own but then we'll be getting to slido

questions this evening. We do have community guidelines. I just want to remind you of

them which are now posted in the chat and it's about being respectful of one another in

the way we engage with each other. And also note that this lecture is being recorded

and will be available on the SFU public square website and YouTube channel. So that's

our housekeeping for this evening. Wow we have people from Whitehorse, Victoria, all

sorts of places, that's fantastic. So thank you from Ottawa, east Vancouver, Burnaby of

course so thank you everyone for sharing that. So onto the main event. It's now my

pleasure to introduce Taco Niet. An assistant professor of professional practice at SFU's

school of sustainable energy engineering, he builds modelling tools to address

challengeӰҀ� ancou�匀匀ᄁ々倄者怅〄脰рༀ嘀̀圀刀뀰
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about five.

Which is a significant chunk. A big percentage. But to be able to electrify everything in

the province that is 20 to 30er new sites. That's a big challenge.

If you look at all of Canada, there's potential for quite a large amount of wind. But one of

the challenges of wind is that it doesn't always blow. So what do we do when it's not

blowing? How do we deal with the infrastructure required? Other options are nuclear.

Maybe a nuclear fusion happening at some point. And that might be a useful possibility.

Some people say we can do efficiency. One of the challenges with efficiency is there's

such a large amount of stuff that we need to transfer. How do we do that with efficiency?

How can we take what's currently 20% and make it 80% and then reduce the numbers

with efficiency down to a reasonable small number? And so this is a really big

engineering challenge. And I don't think any one of these is a solution. But a spread of

possibilities. It's going to be some combination of these. And the question is how do we

address those pieces?

How do we fit those pieces together to make a good set of climate-- systems that will

address our energy needs? And so we use climate policies for addressing. So we might

say we have a policy that we are not going to use nuclear power֐Ѐ

piechhose M
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we're going to probably make things worse for a lot of people. Because we might

increase energy costs. One estimate says if we increase energy costs by 20% around

the world, we could push-- or I think it's 25%. We could push about a billion people into

energy poverty. And so there's a real challenge there to make sure that those climate

policies aren't only climate policies, but there's just climate policies. So we consider

climate justice as we do these big transitions and as we deal with how to fit pieces

together in an effective way. And so we have a bunch of dif
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Another one is bio massing emerging economies. Primarily women and children to

define water and cooking fuels and it also reduces the indoor air quality issues that

come with that which again are primarily impacting women and children in these

emerging economies. And that's that 25% number. If we push-- we want to help change

the energy system in these economies. So that we can do cooking with electricity or

even natural gas or propane. Because that's better than using biomass.

So we want to reduce that energy poverty that forces people to use biomass in their

cooking. And then a third one is subsidies. And specifically subsidies for example with

solar. There's an article in the hill that roof rooftop solar and damaging climate and

health. And what's interesting is the subsidies on solar which are creating that solar

industry in California, those who cannot afford the solar-- and I put brackets there, all

the other possible things which we subsidize, end up paying for the infrastructure. So

someone who can afford to buy solar gets a subsidy. Puts solar on their house, pays

less for their electricity. But the infrastructure that supports their house still has to be

paid for. And that ends up being paid for by taxpayers that don't have the subsidies. So

there's that equity issue that comes in there.

And this gets us to the concept of climate justice. A political orientation that recognizes

the roots of climate change and systems of oppression and strives to dismantle these

systems to build just and livable futures. And so we need to strive for climate justice and

solutions need to include considerations of climate justice and not just climate change.

So not just climate policies, but Just climate policies. And related to that is the concept

of intersectionality. And I'm going to thank my daughter right now because she's with
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sustainability teams when she was in high school and she gave me some of the

definitions here which was great. And originally from Gabby Develly so yeah shout out

to Kieran there. I think she's on the call which is great. So intersectionality is a lens that

describes how systems of oppression are interlinked and how these systems can

interact to compound oppression. So one of the decisions we make is how climate

policies do not add to that inequity. And not add to that in the system. So the research

challenge is addressing the sustainable development goals and how these different

pieces intercept. So nominally I'm an energy engineer. And so I point at number seven

right here and say affordable and clean energy, that's my box. But really if you think

about any of these goals, they are impossible to deal with without connecting them

together to all the other pieces. And so there was a study on SDG interactions and they

looked really just at affordable and clean energy. Good health and well being. Zero

hunger and life below water and they found all these highlighted connections amongst

the connections between all the different goals that exist. So there's all these different

interactions and these four-- the climate energy and water ones are really quite

interesting and that'll come up a bit more in the results we're looking at. We need to take

a new approach.

There's a lot we need to figure out and deal with this system. And so engineering

approach to me means conditional optimism. Conditional optimism I'm going to thank

Stephen Pinker for enlightenment now with this idea. Conditional optimism is when

things get better because we work at it. We can't just say technology will solve our

problems. We can sit back and relax. We can't say Oh my gosh the problem's too hard
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system might react to how different things happen. And just generally I can classify

models into three categories.

They are not exclusive. That's what economists will use to say there's going to be a

hundred jobs that shift from this sector to another. And that's not the type of modelling

that I do. I really look at how we want to shift the system. How do we build the system?

How does the power system react? As we get into modelling, I really want to highlight

that all models are wrong. Including mine. All my models are wrong. They are a tool for

addressing things. But they are a useful tool only when we can understand how-- what

they are telling us and why they are telling us things. So for example, there are

unintended consequences of decarbonizing the building system in the UK, and they

caused air quality issues, fuel prices, overheating in summers, some leaky condo type

issues. You may have heard of the Grenfell tower fire. That was building clad ink. That

was grade insulation to keep the CO2 emissions down. But it wasn't a great solution

because it caused all sorts of other issues.

So to address this challenge we needed interdisciplinary teams. A lot of what I'm doing

is networking. Talking to different people and connecting and making those to different

groups. And that's been a really enjoyable part of my time. And so that brings us to my

research group. So my research group is modelling to support good decision making.

And that's where that climate justice piece comes in is that without thinking about

climate justice, we're going to do a really beautiful engineering design. But it's going to

cause other issues. And I want to acknowledge I'm one person, there is a large group of

other people that are part of my group. And they've done all the work that I'm going to
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show you from now on.

And so I'm just here representing all the amazing things that they have done with our

research group. So quickly a couple of definitions before we get into the modelling.

I'll use CLEWS. Climate Land Energy and Water Systems model (CLEWS). Built on an

energy modelling tool called osmosis which is a capacity expansion model. I talked

about that earlier. It's a planning model for how we build out different systems. It

minimizes costs. We can define costs in all sorts of different ways. And the important

thing it includes is interactions between water, land, energy and climate. So it's looking

at-- if we build a whole bunch of solar panels and we use land for that or bio fuels and

water and land. How does that interaction happen? And so you'll hear CLEWS quite a

bit so that's giving you that background. So here's my list of quick projects we're going

to discuss. We're going to talk about the BC CLEWS model. The CLEWS Canada

model. The CLEWS global model. Some Asia Pacific training and how we build equity

and justice into the modelling.

So background first of what we are doing and where we are going and my thoughts on

how we piece things together after that. So starting with the BC nexus model. This is

again a CLEWS model of the nexus and SDGs for BC. I'm happy to announce that the

Pacific Institute for climate solutions has just given us three years of funding for this

project.

So we're bringing those partners together to really evaluate the different intersections.

So adding in detailed water modelling so we can deal with some of those challenges in

BC. So just a really quick example of results. Business as usual on the left. We have
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basically emissions. And as we do some electrification in the province, we get this

reduction and emissions. And the details I'm not going to spend a lot of time on. But I'll

just sort of basically describe it here.

So different colours here. Black here is transportation. Blue here is residential.

The power sector has a little blip. There's commercial and services and agriculture and

the changes in CO2 over time in these two plots for scenario one and two.

And so you can see in our specific scenario we electrify some residential areas by

moving from natural gas to maybe heat pumps. We do some commercials and services.

But agriculture increases emissions and that's likely due to more demands on different

land uses as we have population changes. You'll see thoughts like this a few more times

in my presentation. So that's the BC CLEWS model. And then CLEWS Canada. So--

CLEWS Canada. We've done the same type of an office but we've looked at all of

Canada. And now I'm going to ask you a question.

So with this model here. Same sort of plot. In this case it's energy rather than

emissions. And there's a little bit of green down here which is bio fuels that we're using

because we've got biofuel production here. And so in this specific scenario, biofuel

production increases. So that is to produce maize. Does the total crops decrease or

remain the same? Assuming they are the same demand for those other crops. We still

want to eat. We don't want to stop eating just because we're using biofuels. Because

that would not be ideal. So assuming we still want to eat, what happens to the total crop

area for those other crops?

I'm going to throw a poll up here. How do I do that now? Thanks to the team behind the
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we have the really good fields. And then we'll get slightly lower yields because of that

next area there. So that is CLEWS Canada. What we are trying to work on is a CLEWS

global model. Trying to make a mono generator to generate a CLEWS model for any

random selection of countries in the world. And the workflow that's developed here.

What we hope to be able to do is say we want India, Bangladesh, Nepal and China. We

take those names in. Grinds away at things and magically we get beautiful visualized

results for a CLEWS global model and then we could theoretically run that for the whole

globe as well. That might be a little challenging to be able to do just in terms of the scale

of the model, but at that point it would be very challenging to be able to run. But we can

definitely do parts of that. And that's an open source, open data modelling structure that

we're trying to put together for CLEWS global model. Being able to actually analyze

things globally. And this is built on another project which we're doing which is osmosis

global. And here's some initial results from osmosis global showing that for India

specifically initial results, we need-- we use a whole bunch of wind as we decarbonize.

And we need to install massive amounts of wind to do that. Given in the model

decarbonizing in it and pushing that in a huge way to build India.

These initial results there's some inconsistencies. But as I said the model is running and

we're getting pretty pictures and figuring out what constraints we have to put in is still a

work in progress. And that takes me to some of the sort of-- so that's sort of the

modelling work that we've been doing. And as part of that as well, we're trying to do

capacity building. And I've been working with the U.N. in fall of 2020 and I did some

work with the Asia Pacific and we trained government policy analysts to do CLEWS
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modelling. And the first chunk was four months.

And then the second part of that was working with the specific country. And we had the

privilege of working with the Philippines. And so myself and one of my grad students got

to work with the Philippines and put really detailed model analysis together for the

Philippines and focus on their specific policy priorities. And one of the priorities so they

have a biofuels 30% mandate. And we threw some other numbers in there.

So you can see from the left-hand side. The Spink gasoline. 10% ethanol.

To 100% sugar cane ethanol. The gasoline ends up disappearing by 2040 but you can

see at the bottom here bio ethanol comes in quite strongly in terms of how much is

required to replace that gasoline. So you can't just get rid of it. You have to replace it

with something in this case it was bio ethanol. And what we found with that was that the

area by crop basically we're not needing to increase agricultural area. But with 100%

ethanol we are having to increase the amount of land area. And the top graph here you

can see that we actually in the Philippines are having to chop down forests to be able to

grow the sugar cane so that we can actually do that biofuels policy.

And so a summary from that showing tools to reach climate targets and preserving

resources is important. Capacity building is really important. Helping others make good

decisions. And then the importance of the interactions. So the biofuel targets might

make sense, but without taking into account the land use.

It's not clear that you could make a bad decision. Say we want to do bio fuels, but then if

you haven't taken into account that land use, that's a little bit of a red flag that you really

need to take into account those different inner connected systems to make good

Just Climate Policies: Modelling for Evidence-Based Decision-Making
Live Transcript by Accurate Realtime Inc.

Page 18 of 41

/publicsquare/events/2022/taco-niet.html
/publicsquare/events/2022/taco-niet.html
https://accuraterealtime.com/


/publicsquare/events/2022/taco-niet.html
/publicsquare/events/2022/taco-niet.html
https://accuraterealtime.com/


grad student that I'm supporting with the Surrey funding. And together we're connecting

that. And investigating which community should we engage and how do we build that

together? And then really working towards antifragility in our energy system. That, I

think, is a really interesting word.

Resilience is something that can be covered quickly. Antifragility says we adapt to these

challenges in a positive way so that we can come out of things stronger and better once

things happen and especially as climate change happens. I think that's an interesting

lens to take in terms of the work that we're doing. And trying to make sure it's

transparent and accessible and connected for different people. That's currently where

I'm at, starting to investigate how we do some of these detailed pieces.

Making sure we have that interdisciplinarity and connecting those pieces together. As I

said earlier, a lot of networking. I've talked to a lot of people. My calendar gets filled up

every week with meetings with different people and that's the fun of the job. That's really

what I enjoy doing is let's figure out together how to make these things better.

So thank you very much. There's my email address if you want to send me an e-mail

after there's my website so you can look at some of the details. Some aren't as updated

as they should be. We're working on that and also our group twitter on the bottom right

there.

JOY JOHNSON:

Thank you very much, Taco. That was a fantastic presentation. I learned a lot, I have to

say. And there are a few other things-- little takeaways as well. I just want to say, I love
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this notion of conditional optimism. I'm going to use that. I think that's fantastic. And I
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new life going to become? And she's off to university now which is stunning and

amazing how fast time flies. But I think that's the big part of things.

Just thinking about what is the future world we want to leave to our kids and grand kids?

And just in general where do we want to leave the world when we leave it? And

hopefully a better place is what I'm hoping for.

JOY JOHNSON:

It's interesting that the notion of the person is political. How you're living your life and

who influences you really does shape where you're going and that's fantastic. And were

doing the type of modelling-- you know-- has this been your career then Taco as well? In

terms of where you've gone with your career? Have you always been in this space?

TACO NIET:

I started when I did my masters in the early 2000s. I did my masters at UVic and I did

modelling. At the time I built my own model for a small little island off the tip of

Vancouver island which was very fun. My nominal conclusion is diesel is a really nice

fuel and shipping diesel to a small island is actually not a terrible approach to things.

Because you'd have to plaster the whole island with solar panels or put up wind turbines

and it's a bird sanctuary.

So that was what I did in my masters in 2002/'03 is when I finished that. Then I went to

BCIT and taught mechanical engineers there for a number of years. And part way

through that I realized that only teaching was sort of making me stale and I took a
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some of those. I don't think as I said earlier, all models are wrong. So there's no way

that we can model absolutely everything. I think there's definitely some aspects which

we can model with the current modelling. Which we can do better with. Which is why

we've got-- I've got some grad students actively looking into that right now. How can we

add some of these equity indicators into the model?

How do these SDG indicators interact with that? And where can we opportunistically do

those things? But I'm realistic and they are going to say-- we can do A, B and C. But the

rest of the alphabet is going to be really hard to add in there.

And so that's where the sort of other aspects of things come in. One concept for that is

part of the community research initiative. Part of the outcome of that is hopefully we're

going to be able to put a proposal together that would be-- here's a community

engagement model. That we think we'd like to do. Can we get some money to actually

be able to do that? And so that would allow us to sort of layer on some of those other

issues that we can't necessarily include in the model.

JOY JOHNSON:

So-- I guess the other thing too is-- and you know-- this is not my area. But I think I

followed along fairly well. But this is complex.

You know, I'm just wondering about how-- what your thoughts are about communicating

this kind of modelling. You know-- to the public. And engaging the public. Could this be

used also as a tool for engagement with the public?
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TACO NIET:

I think that there is opportunity too-- there was a proposal, I think someone in Germany,

yes-- Robby Morrison and Tom brown in Germany-- not sure where Tom currently is.

They put together a proposal a few years ago to do some model-moderated citizens

assembly. Where you'd have the modelling experts sitting there ready to do some

modelling. And then the citizens assembly would say well, we want to do everything

with solar panels. Okay, let's put that in the model. And suddenly we have solar panels

all over the Frazer valley and we can't feed everyone. Let's talk about what else we can

do and how we can change things. So we have that sort of model moderated

community engagement. And that's a model that I think might be very interesting to try.

And so yeah that might be part of the proposal. Let's do one of those.

JOY JOHNSON:

It's fascinating. I don't want to take all the time with my questions. I'm going to get to my

tech folks now to bring up more audience questions and we'll take a look at them

together Taco. And let's start with-- feel free folks to continue to add questions in.

So here we go. I'd like to know if you can talk about reducing energy consumption. I

noticed that the energy debate focuses on replacing energy sources. So it's always-- on

that supply side I guess is the point. And what about reducing wasteful consumption?

TACO NIET:

There's definitely sort of those two pieces of how do we deal with the supply and how do

Just Climate Policies: Modelling for Evidence-Based Decision-Making
Live Transcript by Accurate Realtime Inc.

Page 26 of 41

/publicsquare/events/2022/taco-niet.html
/publicsquare/events/2022/taco-niet.html
https://accuraterealtime.com/


/publicsquare/events/2022/taco-niet.html
/publicsquare/events/2022/taco-niet.html
https://accuraterealtime.com/


the most important thing it does to integrate climate justice mitigation and resilience

strategies and policies. Personally, it is important to me, but I think as a university we

know we need to do this work. We've made commitments to get to net zero and we're

really thinking about sustainability. But this justice piece as well is really important. So

I'd love your thoughts on that.

TACO NIET:

Part of that is engaging and connecting with as many diverse people as we can.

So that we can understand the impacts and challenges and justice implications of the

different decisions we might make. It actually makes me think of the sustainability

transportation working group I'm on. Looking at how we reduce carbon emissions from

transportation at SFU. And just looking at that and we've been discussing how do we

evaluate what impact these different things will have? And then also what are the sort

of-- equity and diversity inclusion challenges or benefits of these different options? And

so-- that's I think a conversation that we need to keep having. All our different

committees and different groups of people need -- think about all those different pieces

and be reminded of them as well. And just sort of say Oh did we think about that from a

climate justice lens when we are thinking about making that decision? Did we include

those pieces in our decision making as we go?

JOY JOHNSON:

Yeah, I know that our sustainability plan and team have really been thinking about the
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advisory group and making sure diverse forces are being heard. Because you just don't

know what you don't know sometimes, right? You need other people to help you think

about this. So that's great, really great advice.

TACO NIET:

The other piece that that brings up as well, making sure diverse voices are heard. But at

the same time trying to make sure that you don't overload the people with those diverse

voices.  So making sure that the work is equitably shared amongst all of us.

JOY JOHNSON:

Yeah, I think that's very wise as well. Thank you. That's great. I'm going to move onto

our next question that's coming up, that's whether the CLEWS model CONSIDERS land

change due to climate change. So-- and I mean this is really very interesting as well.

Your crop example for example, can you also add-- I mean there are-- you know this is

another kind of error in the model I guess. That the land itself might be decreasing.

TACO NIET:

Yeah, it's a really neat question. And it's-- right now we can do scenarios. Which take--

so there's a global agro economic zone in the database. And there's a more current

version. I don't remember the acronym for it because it is in my brain because that's

what I've been using for so long. But basically researchers have gone and done an

analysis of basically every little square of the earth. And said if you plant corn in this one
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think that being able to effectively use data. You get data from all these different

countries, make it openly available. So that we can do proper analysis without having to

pay large amounts of money. And in Canada, we can generally pay that money and do

a fine. But it's really making sure that other countries can use that data and different

researchers can use that data so that we can make sure that we're all checking each

other's work and having a good conversation about it to see how pieces fit together.

JOY JOHNSON:

Also the climate crisis doesn't have borders obviously.

TACO NIET:

Absolutely, for sure.

JOY JOHNSON:

Interesting. Yeah thanks for that. I think taxpayers pay for that data sometimes. And

then don't have access. Our granting agencies pay for that through our taxpayer dollars.

And then again a broader question. That's a question for another day.

TACO NIET:

Yeah, probably beyond the scope.

JOY JOHNSON:
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Yeah, fantastic. So here's another one. And I like this question a lot. You talk about the

team and the engagement work. And the question is are there creatives and artists in

the team? And I think it's probably around that engagement work. But there might be

other aspects in the modelling as well. In terms of knowledge mobilization or whatever

that you think we need to be paying attention to. So interested in whether �䜀̀䰅倄က　
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exist, because you have to sell them. And if you don't, we're going to tax you and fine

you massively. That's a really important government intervention which is going to push

that change to happen. So yes personally we have some ability to make change.

JOY JOHNSON:

It is really challenging.

TACO NIET:

We need the right people to vote to make those decisions so we get more choices

personally as well so we can make better decisions.

JOY JOHNSON:

And it's interesting on that point, we did see an SFU professor analyzing the federal

government climate policy. And really helping us understand where the government

stands. So it was very interesting to see that intervention.

TACO NIET:

Yep.

JOY JOHNSON:

The next question is about climate justice indicators into climate models. And I think the
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variables and so little time. There are infinite variables that could be included within your

models.

So there are two approaches to which we include. Ones that we feel will make good

informative results happen for the model. And anything that we are not sure about are

the ones that come first. Ask what variables will match those. So if we're saying bio

fuels for land use. We're going to focus our efforts on what are the variables for biofuels

and how do we put those in the model. If we look at variability of that because there's a

different set of questions. And a model that includes both might have a higher level of

description of both. So you're not getting all the details so the computer handles things.

It's a challenge. I'll also say I'll use the brain power of my students. They think about

things and they say we should do this.

And then we discuss it and the group will argue about it. And they say that makes

sense. And maybe we should add this thing in and really the organic discussion in the

group helps.

Thank you. So listen, we are coming toward the top of the hour. And I want to just say to

everybody I'm sorry I didn't get to all of your questions. They are such fantastic

questions this evening. And taco is a very generous man with his time. And I'm sure if

you are dying to get an answer you could email him and he might provide you with a

response. I just want to thank you for engaging in discussions with me. And I think just

demonstrating your enthusiasm. And really again, demonstrating a really

interdisciplinary approach to the issue of climate change and climate modelling. So
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