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Highlights of Economic Outlook

. Trade war: announced tariffs take effect eventually; no deal before 2020 election.

. US growth: Modest reacceleration from 1.8% in 19H2 to 2.1% in 2020.

. Recession: Lack of inflationary and financial overheating limit traditional risks.

. Inflation: Tariffs on consumer goods push core PCE to 2.3% by 2020.

. Fed: One more cut in October for total of 75bp; market pricing too much easing.

. China/Europe: Growth stabilizes following easier policy and Brexit resolution.
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i 1. How Much Is the Economy Slowing?
Growth Has Slowed to a Trend Pace, both Globally and in the US

Percent change, annual rate Percent change, annual rate Percent change, annual rate Percent change, annual rate
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Source: Goldman Sachs Global Investment Research.
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1. How Much Is the Economy Slowing?

Financial Conditions Have Eased...

Index Index
101.5 GS US Financial Conditions Index - 101.5
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Note: Weights of FCI components are as follows: Fed eral Funds Rate: 4.4%, 10-Year Treasury Rate: 45.1%, BBB Credit Spread:
39.6%, Equity Prices: 4.9%, Trade-Weighted Dollar: 6.0%

Source: Goldman Sachs Global Investment Research.
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wss 1. How Much Is the Economy Slowing?
...And the Growth Impulse Should Turn Positive...

Percentage points Percentage points
2.0 7 Effect of Financial Conditions on Real GDP Growth : - 20
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Source: Goldman Sachs Global Investment Research.
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w1, How Much Is the Economy Slowing?
...Which Is Already Visible in the Housing Sector

Index —NAHB Home Builders Index (left) Thousands
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Source: NAHB, Commerce Department, Goldman Sachs Global Investment Research.
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S 2. How Big a Hit from the Trade War?

Tariffs Are Starting to Hit Consumer Goods

Billions of dollars Billions of dollars
200 1 Tariff Rounds by Broad Economic Category - 200
180 - = Capital | - 180
i ! Proposed
160 - ® Intermediate | p . 160
m Consumer !
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Increase from 25% to 30% on October 15 l
120 - [ . ) | 15% starting Not in r 120
100 - i December 15 GS baseline . 100
15% rate i
80 - in effect ! - 80
60 - | - 60
40 - - 40
20 - | - 20
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China Tranche 1|China Tranche 2|China Tranche 3| China Tranche | China Tranche | Sec. 232 Autos
4A 4B
$34bn round $16bn round $200bn round Remaining imports (Finished and
parts)

Source: Goldman Sachs Global Investment Research.
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S 2. How Big a Hit from the Trade War?

CPI Across 12 Tariff-Impacted Categories*

----- CPI All Other Core Goods

97

Jan-15 Jul15 Jan-16 Jul16 Jan-17 Jull17 Jan-18 Jul-18 Jan-19 Jul-19

*Includes laundry equipment and other appliances;furniture, bedding, and floor coverings; auto parts,
motorcycles, and sport vehicles; housekeeping supplies; sewing equipment and material; clocks,
decor, and lighting; outdoor equipment; and dishes and flatw are. Weighted by CPI relative importance.

Source: Goldman Sachs Global Investment Research.
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PPI Across Nine Tariff-Impacted Industries
PPI For All Other Industries

Both Direct and Indirect Tariff Effects on Inflation Have Been Sizable

Index (Feb 2018 = 100)
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*Includes textile mills, paper mfg, plastic s and rubber mfg, non-metallic mineral mfg, primary metal
mfg, fabricated metal mfg, machinery mfg, electrical equip and component mfg, and furniture mfg.

Global Investment Research

106

104

102

100

98

96

94



S 2. How Big a Hit from the Trade War?

Further Tariff Escalation Would Have Larger (but Temporary) Inflation Effects

Percentage points, year-on-year Percentage points, year-on-year
0.7 1 Estimated TariffImpact* on Core Inflation - 0.7
® Plus EU Auto Tariffs
0.6 - - 0.6
Plus Step-up to 25% on China $300bn
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2018 2019 2020

*Tariffs already imposed include those on solar panels, w ashing machines, steel, aluminum, and $250bn of Chinese imports (at 25%); our base
case involves a step up to 30% on these imports as w ellas a 10-15% tariff on the remaining $300bn of Chinese imports, itself implemented in
stages (athird in September at a 15% rate, and remaining tw o thirds in December at a 10% rate). While not our base case, anincrease in the
tariff rate to 25% on the remaining $300bn of Chinese imports and tariffs on EU auto-sector imports is also possible.

Note: Chart shows estimated impact on core PCE inflation; how ever, we estimate animpact of a similar magnitude on the core CPlI measure.

Source: Goldman Sachs Global Investment Research.
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2. How Big a Hit from the Trade War?

The Trade War Is Weighing on US Growth More Heavily

Percentage points

Percentage points

0.3 - Effect of The Trade War on Real GDP Growth, Under Trade Policy Baseline* - 0.3
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*Assumes a 5pp hike on approx. $270bn of Chinese imports to 30%, a 15% tariff on $105bn of remaining Chinese
10% tariff on $155bn of remaining Chinese imports from list 4B, but no further escalation.

Source: Goldman Sachs Global Investment Research.

imports from list 4A and a
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S 2. How Big a Hit from the Trade War?

President Trump’s Trade Policy Is Not Popular

Percentage points President Trump Net Approval Rating Percentage points
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Source: PollingReport.com, RealClearPolitics, Goldman Sachs Global Investment Research.
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St 3, Why Is Inflation So Low?
Actually, It's Not that Low Relative to the Past 20 Years

Percent change, year ago —Core PCE Inflation Percent change, year ago
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Source: Federal Reserve, Commerce Department, Goldman Sachs Global Investment Research.
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3. Why Is Inflation So Low?

Health Care Has Weighed Heavily on Inflation (Especially the PCE Index)

Percentage points Percentage points
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Source: Department of Commerce, Goldman Sachs Global Investment Research.
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S 3. Why Is Inflation So Low?

Labor Market Continues to Tighten

Z-scores, 3-month average Z-scores, 3-month average
3 -3
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——NFIB Skill Shortages* — Conference Board Job Availability*
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*Z-scores were inverted. Higher values denote more slack.

Source: Department of Labor. Conference Board. JOLTS. NFIB. Goldman Sachs Global Investment Research.

Global Investment Research 14



S 3. Why Is Inflation So Low?

Wage Growth Gradually Trends Higher

Percent change, year ago Percent change, year ago
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Source: Department of Labor. Federal Reserve. Goldman Sachs Global Investment Research.
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S 3. Why Is Inflation So Low?

A Gradual Upward Move, With Tariff Effects Concentrated in Late 19/Early 20

Percent change, year ago Core PCE Inflation Percent change, year ago
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Source: Department of Commerce, Goldman Sachs Global Investment Research.
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iy 4. Are We Headed for Recession?
The Yield Curve Would Say Yes
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Source: Federal Reserve, Goldman Sachs Global Investment Research.
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e 4. Are We Headed for Recession?

Lower Term Premium Distorts Yield Curve Signal

Percentage points Percentage points
2.0 - Term Premium, 10y minus 1y UST - 20
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Source: Goldman Sachs Global Investment Research.
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e 4. Are We Headed for Recession?

A Century of US Recessions

Key Contributors to NBER-Dated US Recessions
Recessioné Industrial Oil Monetary Financial Fiscal
Aug 1918;
Jan 1920:
May 1923
Oct 1926

Aug 1929
May 1937
Feb 1945;

Nov 1045 N

Jul 1953;
Aug 1957:
Apr 1960;
Dec 1969
Nov 1973;
Jan 1980;
Jul 1981
Jul 1990
Mar 2001
Dec 2007:

Source: Goldman Sachs Global Investment Research.
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e 4, Are We Headed for Recession?

Private Sector Runs a Large Surplus...

Percent of GDP Percent of GDP

Private Sector Financial Balance*

12 - - 12
10 - - 10
8 - -8
6 - - 6
4 - -4
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0 0
2 - \[/ -2
4 - - -4
-6 ; ; . . . . . T T . . -6
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* Total income minus total spending or, alternatively, total saving minus total investment, all households and businesses

Source: Federal Reserve. Goldman Sachs Global Investment Research.
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o 4. Are We Headed for Recession?
...With Both Households and Firms in Good Shape

Percent of GDP : : Percent of GDP
Financial Balance
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Source: Federal Reserve. Goldman Sachs Global Investment Research.
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w5, Does the Fed Have Enough Firepower?

Little Room on the Funds Rate, Somewhat More on 10-Year Yields

Percentage points _ _ Percentage points
5 - Peak-to-Trough Change During Recessions of: 5
® Federal Funds Rate 10y Yield* !
0 - ﬁ 0
-2 __I I i & | -2
4 - - 4
6 - - -6
8 - - -8
-10 - - -10
-12 j -12
1957 1960 1969 1973 1980 1981 1990 2001 2007 | Median | Current
Room
Recession Start ‘

*Peak 10 year yield in the 6 months prior to the first rate cut minus the lowest yield reached before the first rate hike.

Source: Goldman Sachs Global Investment Research.
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w5, Does the Fed Have Enough Firepower?
Aggressive QE/Guidance Can Mostly Overcome ZLB—If Fed Starts from 2.5%

Percentage point-years Percentage point-years
14 - Cumulative Unemployment Gap in 5 Years Following Start of Recession - 14
m Baseline: Asymmetric Taylor Rule
1 m Forward Guidance with 4.2% Unemployment Threshold 12
1 m Large QE Package I
m Large QE Package + 4.2% Unemployment Threshold
Negative Rates, Unconstrained
10 - - 10
8 - - 8
6 - -6
4 -4
2 -2
O T T 0
Starting from Neutral Starting after Insurance Cuts
(2.5% Funds Rate) (1.5-1.75% Funds Rate)

Source: Goldman Sachs Global Investment Research.
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Percent Percent
Federal Funds Rate Under Different Monetary Policy Rules
Taylor Rule

Insurance Rule*
Insurance Rule* with Speed Limit On Hikes

Insurance Rule
Threshold

Time

* Rate drops to zero if Taylor rule wants rate below threshold.

Source: Goldman Sachs Global Investment Research.

5. Does the Fed Have Enough Firepower?

“Insurance” Policy Rules Don’t Lower Recession Risk

Percent i i Percent
Share of Quarters in Recession*

12 - 12
10 - - 10
8 - - 8
6 - - 6
4 -4
2 -2
0 -0

Taylor Rule |Thresho|d=1% Threshold=2% | Threshold=3%
Insurance Rule**
* Episodes with at least two consecutive quarters of negative quarterly GDP growth.
** Rate drops to zero if Taylor rule wants rate below threshold.
Note: We assume a speed limit on hikes of 25bp per quarter.
Global Investment Research
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5. Does the Fed Have Enough Firepower?

One More Insurance Cut in October, But the Bond Market Is Priced Too Low

Percent Percent
3.00 - Federal Funds Rate 300
—Implied By Futures
2.75 1 —GS Forecast - 275
2.50 - / + 250
2.25 - / - 2.25
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1.75 - \ / - 1.75
1.50 - - 1.50
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2019 2020 2021 2022

Source: Goldman Sachs Global Investment Research.
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6. Is Productivity Growth Mismeasured?
A Smartphone Does More Than All of these 1991 Devices Together

Source: Radio Shack, Goldman Sachs Global Investment Research.

Global Investment Research

26



goldman

it 6. Is Productivity Growth Mismeasured?

Nevertheless, the Official Data Show Slower Growth in Real Media Consumption

Percent change, annual rate Percent change, annual rate

14 - Personal Consumption of Electronics, Communication, and Media, - 14
Real Annualized Growth by Decade

12

12
10.9

1960's 1970's 1980's 1990's 2000's 2010's

Source: Goldman Sachs Global Investment Research.
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it 6. Is Productivity Growth Mismeasured?

Despite Some Progress, Software and Healthcare Prices Look Badly Mismeasured

Index (1997=100) Index (1997=100) Index (1980=100) Index (1980=100)
140 GDP Price Index, Private Investment in: - 140 200 - Healthcare Input and Output Prices, Real Basis - 200
— = = Software (Pre-Benchmark Vintage)
104 T ~ Computers & Peripherals (Pre-Benchmark Vintage) L 120 180 ~ - 180
Software (Latest Post-Benchmark Vintage)
Computers & Peripherals (Latest Post-Benchmark Vintage) 160 - - 160
100 100 140 + - 140
80 | 80 120 T B 120
100 100
60 - \ - 60
\ 80 - - 80
40 + \ - 40 60 - - 60
40 - . . - 40
20 - ~—_ - 20 —Healthcare Services Prices
———————— 20 1 —Medical Equipment Prices - 20
——Hospital Wages
O ! ! ! ! O 0 T T T T T T T 0
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Source: Goldman Sachs Global Investment Research.
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6. Is Productivity Growth Mismeasured?

A Sizable Increase in Mismeasurement Since the 1990s

Percentage points Percentage points
Annual GDP Growth Mismeasurement, by Source, GS Estimates

1.2 - - 1.2
m Business Investment in ICT Products 1.0pp

10 - ™ Consumer Inflation (Quality, Outlet Bias) 10

Free and Crowdsourced Products**

0.8 - ®Unmeasured Nominal Output* - 08

0.6 - 0.5pp - 06

N L )

. | 1] | o
in 1995 in 2005 Today

*As implied by GDI-GDP gap, tax-haven profit shifting, and US consumption dollars not counted in either GDP or GDI (e.g. home-
sharing, online third party marketplaces)

**Excludes ad-supported content, whichis already reflected in GDI (e.g. Google corporate profits) and is represented here within
unmeasured nominal output

Source: Goldman Sachs Global Investment Research.
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i 7. How Much Risk from Global Factors?

Chinese growth slowdown in 2018 comparable
to 2015-16 episode

Percent change, annualized Percent change, annualized

11 - 11
Overall economy: real GDP (goq)
10 e Qverall economy: GS CAI (mom, 3mma) 10
9 -9
8 - 8
7 -7
6 - 6
5 -5
4 -4

11 12 13 14 15 16 17 18 19

Source: Goldman Sachs Global Investment Research.

China Eases Modestly in Response to Trade War and Slower Growth

Policy has eased, but more modestly in this
downturn than in 2015-16

Z-score Z-score
20 — —7 20
China domestic macro policy proxy
15 - - 15
10 4 - 1.0
05 - /\\ - 05
0.0 \ I ’ A 0.0
-0.5 - - -0.5
Easier
-1.0 - -1.0
-1.5 \L -1.5
-2.0 -2.0

07 08 09 10 11 12 13 14 15 16 17 18 19
Note: Shaded areas referto periods when China CAl growth was below 6%.

Source: CEIC, Haver, Goldman Sachs Global Investment Research.

Global Investment Research

30



‘s 7. How Much Risk from Global Factors?

Percent change, QoQ Annualised

4

The Euro Area Has Slowed Sharply Since Early 2018

Percent change, QoQ Annualised
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Source: Haver Analytics. Goldman Sachs Global Investment Research.
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/. How Much Risk from Global Factors?
Avoiding a “No Deal” Brexit Would Boost European Growth

Percent Percent
3 3
GDP Effect of Brexit Scenarios After 3 years

2 - 2
1 -1

- -1
-1

- -2
-2

- -3
-3 m Deal -4
-4 ® Remain =

No Deal

-5 - -6
'6 1 1 1 1 1 1 1 -7

UK

Germany

Source: Goldman Sachs Global Investment Research.
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Global Growth Forecasts

Real GDP Growth

2019 (f) 2020 (f)
Percent Change yoy 2016 2017 2018
Cons* Cons*

us 1.6 2.4 2.9 2.3 2.3 2.1 1.7
Japan 1.0 1.9 0.8 1.0 0.9 0.4 0.3
Euro Area 1.9 2.6 1.9 1.0 1.1 0.9 1.0

Germany 2.2 2.8 1.5 0.5 0.5 0.6 0.8

France 1.1 2.4 1.7 1.3 1.3 1.2 1.2

Italy 1.0 1.8 0.7 0.1 0.1 0.5 0.4

Spain 3.3 3.0 2.6 2.2 2.2 1.9 1.8
UK 1.8 1.8 1.4 1.3 1.2 1.3 1.1
China 6.7 6.8 6.6 6.1 6.2 5.9 6.0
India** 7.9 6.9 7.4 5.6 6.4 7.3 6.3
Russia -0.2 1.6 2.3 1.3 1.1 2.6 1.6
Brazil -3.5 1.1 1.1 1.0 1.0 2.1 2.0
Developed Markets 1.7 2.4 2.3 1.7 1.7 1.6 1.4
Emerging Markets 4.5 5.1 5.1 4.3 4.4 5.0 4.6
World 3.1 3.8 3.8 3.1 3.2 3.5 3.2

* Bloomberg consensus forecasts as of September.
** Bloomberg consensus fiscal year basis.

Source: Bloomberg. Goldman Sachs Global Investment Research.
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US Forecasts

THE US ECONOMIC AND FINANCIAL OUTLOOK

(% change on previous period, annualized, except where noted)

2017

2018

2019

()

2020
®)

2021
®

2022
®

OUTPUT AND SPENDING
Real GDP 2.4 2.9 2.3 2.1 2.1 1.7 3.1 2.0 2.0 1.7 2.2 2.5 2.3 2.0
Real GDP (Q4/Q4) 2.8 25 2.2 2.2 2.0 1.6 - - - - - - - -
Consumer Expenditure 2.6 3.0 2.6 2.6 2.3 1.9 11 4.6 2.8 1.9 2.5 2.8 2.6 2.3
Residential Fixed Investment 815 -1.5 -1.9 3.6 3.6 3.0 -1.1 -2.9 2.0 5.0 5.0 4.0 4.0 2.0
Business Fixed Investment 4.4 6.4 2.4 2.1 34 3.2 4.4 -1.0 2.2 2.6 2.7 3.6 34 3.4
Structures 4.7 4.1 -3.8 -0.5 2.0 2.0 4.0 -11.1 -10.4 2.0 2.0 2.0 2.0 2.0
Equipment 4.7 6.8 1.3 1.2 4.0 3.4 -0.1 0.8 -5.3 -1.0 2.0 4.0 4.0 4.0
Intellectual Property Products 3.6 7.4 8.2 5.0 35 3.8 10.9 3.6 7.5 7.5 4.0 4.0 35 35
Federal Government 0.8 2.9 3.4 2.4 0.2 0.0 2.2 8.3 2.5 2.5 2.5 2.5 0.0 0.0
State & Local Government 0.6 1.0 1.6 0.5 0.0 0.0 3.4 2.7 1.1 1.0 0.0 0.0 0.0 0.0
Net Exports ($bn, '09) -850 -920 -970 -1,014 -1,058 -1,098 -944 -981 -983 -974 -992  -1009  -1022  -1034
Inventory Investment ($bn, '09) 32 48 71 48 55 55} 116 69 65 35 40 45 50 55
Industrial Production, Mfg. 2.0 2.3 -0.3 0.2 1.3 1.0 -1.9 -3.0 -0.8 -0.8 0.6 1.2 1.5 1.3
HOUSING MARKET
Housing Starts (units, thous) 1,209 1,250 1,284 1,381 1,391 = 1,213 1,256 1,308 1,360 1,358 1,400 1,380 1,387
New Home Sales (units, thous) 617 615 663 707 735 = 669 661 649 674 688 708 714 720
Existing Home Sales (units, thous) 5531 5341 5276 5,342 5,394 = 5,207 5287 5298 5310 5323 5336 5348 5361
Case-Shiller Home Prices (%yoy)* 6.2 4.1 3.2 2.8 2.7 3.0 3.0 3.1 3.1 3.2 33 3.1 3.0 2.8
INFLATION (% ch, yr/yr)
Consumer Price Index (CPI) 2.1 2.4 1.8 2.1 2.2 2.4 1.6 1.8 1.8 1.9 2.1 2.0 2.1 2.2
Core CPI 1.8 2.1 2.2 2.6 2.4 2.5 2.1 2.1 2.3 2.4 25 2.7 25 25
Core PCE** 1.6 2.0 1.7 2.2 2.2 2.3 1.6 1.6 1.7 1.8 2.2 2.3 2.3 2.2
LABOR MARKET
Unemployment Rate (%) 4.4 3.9 3.7 3.3 3.3 3.3 3.9 3.6 3.6 35 34 3.2 3.3 3.3
U6 Underemployment Rate (%) 8.5 7.7 7.2 6.6 6.6 6.6 7.5 7.2 7.0 7.0 6.8 6.6 6.6 6.6
Payrolls (thous, monthly rate) 180 221 161 140 100 90 206 146 154 140 150 150 135 125
GOVERNMENT FINANCE
Federal Budget (FY, $bn) -666 =779 -950 -1,025 -1,050 -1,200 - - - - - - - -
FINANCIAL INDICATORS
FF Target Range (Bottom-Top, %)* [1.25-1.5 2.25-2.51.5-1.75 1.75-2.0 2.25-2.5 2.5-2.75 |2.25-2.5 2.25-2.5 1.75-2.0 1.5-1.75 |1.5-1.75 1.5-1.75 1.5-1.75 1.75-2.0
10-Year Treasury Note® 2.40 2.69 1.75 2.10 2.40 2.40 241 2.00 1.85 1.75 1.80 1.90 2.00 2.10
Euro (€/$)* 1.20 1.15 1.10 1.20 1.25 1.30 1.12 1.14 1.09 1.10 1.12 1.14 1.15 1.20
Yen ($/¥)" 113 110 103 100 97 95 111 108 108 103 101 101 100 100

* Weighted average of metro-level HPIs for 381 metro cities where the weights are dollar values of housing stock reported in the American Community Survey.
** PCE = Personal consumption expenditures. ”~ Denotes end of period.

Note: Published figures in bold.

Source: Goldman Sachs Global Investment Research.
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Investors should consider this report as only a single factor in making their investment decision. For Reg AC certification and other important disclosures, see the Disclosure
Appendix, or go to www.gs.com/research/hedge.html.
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Reg AC

I, Jan Hatzius, hereby certify that all of the views expressed in this report accurately reflect my personal views, which have not been influenced by considerations of the firm's
business or client relationships.

Unless otherwise stated, the individuals listed on the cover page of this report are analysts in Goldman Sachs' Global Investment Research division.

Global product; distributing entities

The Global Investment Research Division of Goldman Sachs produces and distributes research products for clients of Goldman Sachs on a global basis. Analysts based in
Goldman Sachs offices around the world produce equity research on industries and companies, and research on macroeconomics, currencies, commodities and portfolio strategy.
This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in Brazil by Goldman Sachs do Brasil Corretora de Titulos e Valores
Mobiliarios S.A.; Ombudsman Goldman Sachs Brazil: 0800 727 5764 and / or ouvidoriagoldmansachs@gs.com. Available Weekdays (except holidays), from 9am to 6pm.
Ouvidoria Goldman Sachs Brasil: 0800 727 5764 e/ou ouvidoriagoldmansachs@gs.com. Horario de funcionamento: segunda-feira a sexta-feira (exceto feriados), das 9h as 18h;
in Canada by either Goldman Sachs Canada Inc. or Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman Sachs (India) Securities
Private Ltd.; in Japan by Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New
Zealand Limited; in Russia by OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the United States of America by
Goldman Sachs & Co. LLC. Goldman Sachs International has approved this research in connection with its distribution in the United Kingdom and European Union.

European Union: Goldman Sachs International authorised by the Prudential Regulation Authority and regulated by the Financial Conduct Authority and the Prudential Regulation
Authority, has approved this research in connection with its distribution in the European Union and United Kingdom; Goldman Sachs AG and Goldman Sachs International
Zweigniederlassung Frankfurt, regulated by the Bundesanstalt fiir Finanzdienstleistungsaufsicht, may also distribute research in Germany.

General disclosures

This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we consider reliable, but we do not
represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates and forecasts contained herein are as of the date hereof and are
subject to change without prior notification. We seek to update our research as appropriate, but various regulations may prevent us from doing so. Other than certain industry
reports published on a periodic basis, the large majority of reports are published at irregular intervals as appropriate in the analyst's judgment.

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. We have investment banking and other business
relationships with a substantial percentage of the companies covered by our Global Investment Research Division. Goldman Sachs & Co. LLC, the United States broker dealer, is
a member of SIPC ( ).

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal trading desks that reflect opinions
that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks and investing businesses may make investment decisions that
are inconsistent with the recommendations or views expressed in this research.
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Disclosure Appendix

The analysts named in this report may have from time to time discussed with our clients, including Goldman Sachs salespersons and traders, or may discuss in this report, trading
strategies that reference catalysts or events that may have a near-term impact on the market price of the equity securities discussed in this report, which impact may be
directionally counter to the analysts' published price target expectations for such stocks. Any such trading strategies are distinct from and do not affect the analysts' fundamental
equity rating for such stocks, which rating reflects a stock's return potential relative to its coverage group as described herein.

We and our affiliates, officers, directors, and employees, excluding equity and credit analysts, will from time to time have long or short positions in, act as principal in, and buy or
sell, the securities or derivatives, if any, referred to in this research.

The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do not necessarily reflect those
of Global Investment Research and are not an official view of Goldman Sachs.

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in the products mentioned that
are inconsistent with the views expressed by analysts hamed in this report.

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be illegal. It does not constitute a
personal recommendation or take into account the particular investment objectives, financial situations, or needs of individual clients. Clients should consider whether any advice
or recommendation in this research is suitable for their particular circumstances and, if appropriate, seek professional advice, including tax advice. The price and value of
investments referred to in this research and the income from them may fluctuate. Past performance is not a guide to future performance, future returns are not guaranteed, and a
loss of original capital may occur. Fluctuations in exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors. Investors should review current
options disclosure documents which are available from Goldman Sachs sales representatives or at . Transaction costs
may be significant in option strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation will be supplied upon request.

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by the Global Investment Research division of GS may
vary as compared to that provided to internal and other external clients of GS, depending on various factors including your individual preferences as to the frequency and manner
of receiving communication, your risk profile and investment focus and perspective (e.g., marketwide, sector specific, long term, short term), the size and scope of your overall
client relationship with GS, and legal and regulatory constraints. As an example, certain clients may request to receive notifications when research on specific securities is
published, and certain clients may request that specific data underlying analysts' fundamental analysis available on our internal client websites be delivered to them electronically
through data feeds or otherwise. No change to an analyst's fundamental research views (e.g., ratings, price targets, or material changes to earnings estimates for equity
securities), will be communicated to any client prior to inclusion of such information in a research report broadly disseminated through electronic publication to our internal client
websites or through other means, as necessatry, to all clients who are entitled to receive such reports.

All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all research content is
redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our research by third party aggregators. For research,
models or other data related to one or more securities, markets or asset classes (including related services) that may be available to you, please contact your GS representative
orgoto

Disclosure information is also available at or from Research Compliance, 200 West Street, New York, NY 10282.
No part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed without the prior written consent of The Goldman Sachs Group, Inc.
© 2019 Goldman Sachs.
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